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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.


      
        Neuroscientists explore the intersection of music and memory
        New research explores music's impact on learning, memory, and emotions in two studies. One reveals that familiar music can enhance concentration and learning, while the other demonstrates that music with a strong emotional tone can reshape the quality of existing memories. These findings suggest that music could be used for therapeutic interventions for cognitive function, or in conditions like PTSD and depression.

      

      
        A cellular community in the brain drives Alzheimer's disease
        Analysis of 1.6 million brain cells from older adults has captured the cellular changes that occur in Alzheimer's early stages, revealing potential new targets and routes for prevention.

      

      
        Advances in kidney cancer research and care
        New insights into the biology of kidney cancer, including those informed by scientific discoveries that earned a Nobel Prize, have led to advances in treatment and increased survival rates.

      

      
        Plant signaling pathways decoded
        Using newly generated 'optogenetic' tobacco plants, research teams have investigated how plants process external signals.

      

      
        Thermochromic material could make indoor temperature control more energy-efficient
        Engineers have developed a smart material that could significantly enhance energy efficiency for indoor space cooling. The new thermochromic polymer blend has an estimated lifespan of 60 years and is lower cost than existing thermochromics.

      

      
        Among Viking societies, Norway was much more violent than Denmark
        A new study sheds light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

      

      
        Ultrasound devise shows promise for treating chronic pain
        Engineers have developed a device that noninvasively stimulates deep brain regions, potentially disrupting the faulty signals that lead to chronic pain. Preliminary trials show the therapy relieves pain after a single treatment.

      

      
        Health impacts of repeated wildfires and smoke exposure
        Public health researchers have highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.

      

      
        Making waves in hurricane prediction
        More accurately predicting periods of increased hurricane activity weeks in advance may become possible due to new research published this month. Research shows that twice as many hurricanes form two days after the passing of large-scale atmospheric waves called Kelvin waves than in the days before.

      

      
        Dark matter could have helped make supermassive black holes in the early universe
        Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form. Astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole. In addition to explaining the existence of very early supermassive black holes, the findi...

      

      
        'Silent' mutations found to have repercussions beyond their own gene
        Researchers are adding new evidence to the emerging concept that 'silent' or synonymous mutations may have crucial consequences. Their study showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

      

      
        Using high resolution mass spectrometry to study fuel chemistry
        Researchers have developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.

      

      
        Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play
        Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study.

      

      
        Geographic differences in U.S. homicide rates have decreased since the 1970s
        A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades.

      

      
        Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa
        Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study. The decline is expected to continue to 2050, according to the authors, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.

      

      
        People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided
        Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a new study.

      

      
        Bacterial cells transmit memories to offspring
        Bacterial cells can 'remember' brief, temporary changes to their bodies and immediate surroundings, a new study has found. And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

      

      
        Dogs understand words from soundboard buttons
        A new study reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses.

      

      
        New pancreatic cancer treatment proves effective in shrinking, clearing tumors
        Researchers have demonstrated in mice a new method to combat pancreatic cancer. The study outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.

      

      
        Research cracks the autism code, making the neurodivergent brain visible
        A researcher's mathematical modeling approach for brain imaging analysis reveals links between genes, brain structure and autism.

      

      
        Discovery of how blood clots harm brain and body in COVID-19 points to new therapy
        Scientists have solved the mystery of unusual blood clotting and inflammation in COVID-19 -- and identified a promising therapeutic strategy.

      

      
        Breaking open the AI black box, team finds key chemistry for solar energy and beyond
        Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the 'AI black box.' By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.

      

      
        Robotic arm can be used to perform remote echocardiograms, study shows
        New research shows that echocardiograms performed remotely using robot arm technology have similar accuracy to those performed in person by cardiologists, providing new options for patients with poor access.

      

      
        Moths may use disco gene to regulate day/night cycles
        How does one species become two? A new study shows what happens when individuals of a moth species become separated in time.

      

      
        Pollution affect the growth and behavior of aquatic organisms
        New research reveals that size-based selection, like in fishing, may impact the stress tolerance of fish, which in turn has a significant impact on the condition and coping of fish in changing environments. The study demonstrated that long-term exposure to manganese sulphate (MnSO4), which is a common aquatic pollutant from mining, hampers the growth and alters behavior of zebra fish.

      

      
        Protect your teeth with fruit: antimicrobial effects found in biomass compounds
        A research team has verified the antibacterial effect of seven food-derived flavonoids against periodontal pathogenic bacteria. The results showed that though several of the compounds inhibited bacterial growth, Pru-C12 had the highest antimicrobial effect.

      

      
        Listen up: New insights into little penguins' sensitivity to noise
        Researchers have used state-of-the-art imaging technology to shed light on the hearing sensitivity of Australian Little Penguins and the danger of marine noise pollution. The study details how Little Penguins, also known as fairy penguins, perceive sound both in air and under water.

      

      
        Bats are surviving and thriving on nothing but sugar
        New research may enable potential solutions to metabolic disease by turning to evolution and to bats. 'Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats,' said one of the researchers. 'We are seeing a new trait we didn't know was possible.'

      

      
        Study finds limits to storing CO2 underground to combat climate change
        New research has found limits to how quickly we can scale up technology to store gigatons of carbon dioxide under the Earth's surface.

      

      
        Pain identified as dominant symptom in long COVID
        Pain may be the most prevalent and severe symptom reported by individuals with long COVID, according to a new study. The study analyzed data from over 1,000 people in England and Wales who logged their symptoms on an app between November 2020 and March 2022.

      

      
        In-person contact linked with lower levels of loneliness in older adults
        In-person contact helps lead to lower levels of loneliness in older people, but other ways of staying in touch, such as phoning, emailing or texting, are not as effective in lowering loneliness, a team of researchers found.

      

      
        Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks
        Public healthcare systems are fiscally burdened due to an aging population. So, governments must find a way to persuade citizens to pay more for health insurance. Now, researchers have examined whether informing people about their future self-benefits from the healthcare system could garner support for higher health insurance contributions. While this approach increased support from those unaware of fiscal risks, the effect disappeared once they became aware, offering significant implications for...

      

      
        A healthy lifestyle may counteract diabetes-associated brain aging
        Type 2 diabetes and prediabetes are associated with accelerated brain aging, according to a new study. The good news is that this may be counteracted by a healthy lifestyle.

      

      
        Epigenetics blood markers can help explain dementia risk
        Researchers assessed DNA methylation at 800,000 sites in the genome in blood samples collected from 900 people. The study includes extensive clinical information on participants, who all provided spinal fluid samples, which have been used for diagnosis and monitoring of Alzheimer's disease, because it is in direct contact with the brain. However, collecting the fluid is an invasive procedure, so the team investigated whether they could instead use blood samples, through analyzing blood epigenetic...

      

      
        Rain or shine? How rainfall impacts size of sea turtle hatchlings
        An internationally collaborative study delves into how fluctuating rainfall impacts the development of sea turtle hatchlings, revealing that it has a more profound effect than changes in air temperature. Regional weather influences incubation and hatchling development and the impact of rainfall varies between species. For loggerhead turtles, heavier rainfall results in hatchlings with smaller carapaces (shell) but greater weight, while green turtle hatchlings grow smaller carapaces without a chan...

      

      
        Love is blind for male fruit flies who will choose sex over safety
        Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex.

      

      
        Kidney donors' risk of death at all-time low
        The risk of death for people who donate a kidney for transplantation -- already small a decade ago -- has dropped by more than half since then, a new study shows.

      

      
        Prioritizing the unexpected: New brain mechanism uncovered
        Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders and schizophrenia spectrum disorders.

      

      
        Aoudad, bighorn sheep share respiratory pathogens
        A team of researchers has discovered that aoudad -- an animal in the sheep and goat family -- can catch and spread many of the same respiratory pathogens that can impact desert bighorn sheep, a native species in Texas that often shares its habitat with aoudad.

      

      
        Work toward a cleaner way to purify critical metals
        Over the past three years, a team of researchers has been pioneering an environmentally friendly method to separate critical rare-earth elements from watery mixtures.

      

      
        New insight into the protein mutations that cause Rett syndrome
        Findings bolster the idea that the functions of this protein -- MeCP2 -- are more centered on nucleosomes, rather than other forms of DNA.

      

      
        This new technique for studying cell receptors could have sweeping implications for drug development
        Researchers created a tool capable of comprehensively mapping crucial interactions underlying drug efficacy in one superfamily of cell receptors.

      

      
        Keeping native bees buzzing requires rethinking pest control
        New research shows a strong correlation between pesticide use and declining sightings of wild bees, with pesticide use causing appearances of some species to drop as much as 56%. The loss of wild bees could disrupt ecosystems, affecting plant survival and the wildlife dependent on those plants, while also posing a significant risk to agricultural productivity. Researchers advocate for integrated pest management strategies and more long-term studies to better understand and mitigate the impact of ...

      

      
        Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care
        A research team evaluated the reliability of human experts in comparison to an automated algorithm in assessing the quality of intracranial electroencephalography (iEEG) data.

      

      
        New technology 'lights up' bacteria in wounds for better infection prevention
        New research suggests there may be a more effective method to detect bacteria during wound debridement.

      

      
        Second genetic sensor for DNA methylation discovered
        CDCA7, whose mutations alter DNA methylation pattern and cause immunodeficiency, is a novel sensor for a special class of methylated DNA.

      

      
        Researchers develop affordable, rapid blood test for brain cancer
        Researchers have developed a novel, automated device capable of diagnosing glioblastoma, a fast-growing and incurable brain cancer, in less than an hour. The average glioblastoma patient survives 12-18 months after diagnosis.

      

      
        NREL advances method for recyclable wind turbine blades
        Researchers see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.

      

      
        Brain research: Study shows what your favorite film genres reveal about your brain
        Crime films, action films, comedies, or documentaries? A person's favorite film genre reveals a lot about how their brain works. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favored documentaries or crime films and thrillers had a significantly weaker reaction.

      

      
        Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed
        Scientists have observed new details of how plasma interacts with magnetic fields, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.
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Neuroscientists explore the intersection of music and memory | ScienceDaily
The soundtrack of this story begins with a vaguely recognizable and pleasant groove. But if I stop writing and just listen for a second, the music reveals itself completely. In Freddie Hubbard's comfortable, lilting trumpet solo over Herbie Hancock's melodic, repetitive piano vamping, I recognize "Cantaloupe Island." Then, with my fingers again poised at the keyboard, Freddie and Herbie fade into the background, followed by other instrumental music: captivating -- but not distracting -- sonic nutrition, feeding my concentration and productivity.


						
Somewhere, I think, Yiren Ren is studying, focused on her research that demonstrates how music impacts learning and memory. Possibly, she's listening to Norah Jones, or another musician she's comfortable with. Because that's how it works: The music we know and might love, music that feels predictable or even safe -- that music can help us study and learn. Meanwhile, Ren has also discovered, other kinds of music can influence our emotions and reshape old memories.

Ren, a sixth-year Ph.D. student in Georgia Tech's School of Psychology, explores these concepts as the lead author of two new research papers in the journals PLOS Oneand Cognitive, Affective, & Behavioral Neuroscience (CABN).

"These studies are connected because they both explore innovative applications of music in memory modulation, offering insights for both every day and clinical use," says Ren.

But the collective research explores music's impacts in very different ways, explains Ren's faculty advisor and co-author of the study, Thackery Brown.

"One paper looks at how music changes the quality of your memory when you're first forming it -- it's about learning," says Brown, a cognitive neuroscientist who runs the MAP (Memory, Affect, and Planning) Lab at Tech. "But the other study focuses on memories we already have and asks if we can change the emotions attached to them using music."

Making Moods With Music

When we watch a movie with a robust score -- music created to induce emotions -- what we're hearing guides us exactly where the composer wants us to go. In their CABN study, Ren, Brown, and their collaborators from the University of Colorado (including former Georgia Tech Assistant Professor Grace Leslie) report that this kind of "mood music" can also be powerful enough to change how we remember our past.




Their study included 44 Georgia Tech students who listened to film soundtracks while recalling a difficult memory. Ren is quick to point out that this was not a clinical trial, so these participants were not identified as people suffering from mood disorders: "We wanted to start off with a random group of people and see if music has the power to modulate the emotional level of their memories."

Turns out, it does. The participants listened to movie soundtracks and incorporated new emotions into their memories that matched the mood of the music. And the effect was lasting. A day later, when the participants recalled these same memories -- but without musical accompaniment -- their emotional tone still matched the tone of the music played the day before.

The researchers could watch all this happening with fMRI (functional magnetic resonance imaging). They could see the altered brain activity in the study participants, the increased connectivity between the amygdala, where emotions are processed, and other areas of the brain associated with memory and integrating information.

"This sheds light on the malleability of memory in response to music, and the powerful role music can play in altering our existing memories," says Ren.

Ren is herself a multi-instrumentalist who originally planned on being a professional musician. As an undergraduate at Boston University, she pursued a dual major in film production and sound design, and psychology.

She found a way to combine her interests in music and neuroscience and is interested in how music therapy can be designed to help people with mood disorders like post-traumatic stress disorder (PTSD) or depression, "particularly in cases where someone might overexaggerate the negative components of a memory," Ren says.




There is no time machine that will allow us to go back and insert happy music into the mix while a bad event is happening and a memory is being formed, "but we can retrieve old memories while listening to affective music," says Brown. "And perhaps we can help people shift their feelings and reshape the emotional tone attached to certain memories."

Embracing the Familiar

The second study asks a couple of old questions: Should we listen to music while we work or study? And if so, are there more beneficial types of music than others? The answer to both questions might lie, at least partially, within the expansive parameters of personal taste. But even so, there are limits.

Think back to my description of "Cantaloupe Island" at the beginning of this story and how a familiar old jazz standard helped keep this writer's brain and fingers moving. In the same way, Norah Jones helps Ren when she's working on new research around music and memory. But if, for some reason, I wanted to test my concentration, I'd play a different kind of jazz, maybe 1950s bebop with its frenetic pace and off-center tone, or possibly a chorus of screeching cats. Same effect. It would demand my attention, and no work would get done.

For this study, Ren combined her gifts as a musician and composer with her research interests in examining whether music can improve -- or impair -- our ability to learn or remember new information. "We wanted to probe music's potential as a mnemonic device that helps us remember information more easily," she says. (An example of a mnemonic device is "Every Good Boy Does Fine," which stands for E-G-B-D-F and helps new piano players learn the order of notes on a keyboard.)

This study's 48 participants were asked to learn sequences of abstract shapes while listening to different types of music. Ren played a piece of music, in a traditional or familiar pattern of tone, rhythm, and melody. She then played the exact same set of notes, but out of order, giving the piece an atonal structure.

When they listened to familiar, predictable music, participants learned and remembered the sequences of shapes quicker as their brains created a structured framework, or scaffold, for the new information. Meanwhile, music that was familiar but irregular (think of this writer and the bebop example) made it harder for participants to learn.

"Depending its familiarity and structure, music can help or hinder our memory," says Ren, who wants to deepen her focus on the neural mechanisms through which music influences human behavior.

She plans to finish her Ph.D. studies this December and is seeking postdoctoral research positions that will allow her to continue the work she's started at Georgia Tech. Building on that, Ren wants to develop music-based therapies for conditions like depression or PTSD, while also exploring new rehabilitation strategies for aging populations and individuals with dementia.

"These early studies reveal that music can both help and hinder our memory, depending on its familiarity and structure," Ren says. "I'm excited to bring together my lifelong love of music with my interest in human memory. Because I think the next phase of my research could provide valuable evidence to support the development of music-based interventions for mental health and cognitive function."
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A cellular community in the brain drives Alzheimer's disease | ScienceDaily
An analysis of more than 1.6 million brain cells from older adults has captured the cellular changes that occur in the early stages of Alzheimer's disease, potentially revealing new routes for preventing the most common cause of dementia in older individuals.


						
The study also identified a second community of cells that drives the older brain down a different path that does not lead to Alzheimer's disease.

"Our study highlights that Alzheimer's is a disease of many cells and their interactions, not just a single type of dysfunctional cell," says Columbia neurologist Philip De Jager, who led the study with Vilas Menon, assistant professor of neurological sciences at Columbia University Vagelos College of Physicians and Surgeons, and Naomi Habib of the Hebrew University of Jerusalem.

"We may need to modify cellular communities to preserve cognitive function, and our study reveals points along the sequence of events leading to Alzheimer's where we may be able to intervene."

Crunching data from 1.6 million brain cells

The study was a technical marvel, cleverly combining new molecular technologies, machine-learning techniques, and a large collection of brains donated by aging adults.

Though previous studies of brain samples from Alzheimer's patients have provided insights into molecules involved in the disease, they have not revealed many details about where in the long sequence of events leading to Alzheimer's those genes play a role and which cells are involved at each step of the process.




"Past studies have analyzed brain samples as a whole and they lose all cellular detail," De Jager says. "We now have tools to look at the brain in finer resolution, at the level of individual cells. When we couple this with detailed information on the cognitive state of brain donors before death, we can reconstruct trajectories of brain aging from the earliest stages of the disease."

The new analysis required over 400 brains, which were provided by the Religious Orders Study and the Memory & Aging Project based at Rush University in Chicago.

Within each brain, the researchers collected several thousand cells from a brain region impacted by Alzheimer's and aging. Every cell was then run through a process -- single-cell RNA sequencing -- that gave a readout of the cell's activity and which of its genes were active.

Data from all 1.6 million cells were then analyzed by algorithms and machine-learning techniques developed by Menon and Habib to identify the types of cells present in the sample and their interactions with other cells.

"These methods allowed us to gain new insights into potential sequences of molecular events that result in altered brain function and cognitive impairment," Menon says. "This was only possible thanks to the large number of brain donors and cells the team was fortunate enough to generate data from."

Aging vs. Alzheimer's

Because the brains came from people at different points in the disease process, the researchers were able to solve a major challenge in Alzheimer's research: identifying the sequence of changes in cells involved in Alzheimer's and distinguishing these changes from those associated with normal brain aging.




"We propose that two different types of microglial cells -- the immune cells of the brain -- begin the process of amyloid and tau accumulation that define Alzheimer's disease," De Jager says.

Then after the pathology has accumulated, different cells called astrocytes play a key role in altering electrical connectivity in the brain that leads to cognitive impairment. The cells communicate with each other and bring in additional cell types that lead to a profound disruption in the way the human brain functions.

"These are exciting new insights that can guide innovative therapeutic development for Alzheimer's and brain aging," De Jager says.

"By understanding how individual cells contribute to the different stages of the disease, we will know the best approach with which to reduce the activity of the pathogenic cellular communities in each individual, returning brain cells to their healthy state," De Jager says.
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Advances in kidney cancer research and care | ScienceDaily
New insights into the biology of kidney cancer, including those informed by scientific discoveries that earned a Nobel Prize, have led to advances in treatment and increased survival rates, according to a review by UNC Lineberger Comprehensive Cancer Center's William Kim, MD, and Tracy Rose, MD, MPH.


						
Their observations, drawn from a meta-analysis of 89 studies published between January 2013 and January 2024, were published in JAMA Aug. 28.

"The Nobel Prize in Medicine or Physiology in 2019 was awarded for the discovery of how mammalian cells sense oxygen," said Kim, the Rush S. Dickson Distinguished Professor of Medicine at UNC School of Medicine and co-leader of the UNC Lineberger Cancer Genetics Research Program. "One of the key components of this oxygen sensing pathway is the von Hippel-Lindau tumor suppressor gene, which is mutated in approximately 90% of kidney cancers. This deep understanding of kidney cancer biology has led to several important therapeutic advances in recent years."

Kim trained as a post-doc with William G. Kaelin, Jr., MD, who was jointly awarded the 2019 Nobel Prize for demonstrating how the von Hippel-Lindau gene influences cellular responses to changing oxygen levels.

The American Cancer Society estimates that more than 81,500 people will be diagnosed with kidney cancer in the United States this year, and the disease will cause 14,300 deaths. While the incidence of kidney cancer has been increasing by approximately 1.5% annually in recent years, deaths have decreased by about 2% each year from 2016 to 2020.

This decline in deaths is largely due to improved treatments and early detection. "The majority of kidney cancer cases are now detected incidentally, often before symptoms appear," said Kim. He noted that the widespread use of abdominal imaging for unrelated issues has led to the incidental diagnosis of kidney cancer. "More cases are being identified in earlier stages when the cancer is typically more responsive to treatment."

Cigarette smoking and being overweight are major risk factors for kidney cancer and are linked to nearly half of the cases in the United States. Other risk factors include high blood pressure, a family history of kidney cancer, workplace exposure to certain chemicals, and hereditary conditions, such as von Hippel-Lindau disease.

Current treatment approaches include surgery to remove part or all of the kidney, ablation using targeted heat or cold to destroy the tumor, or active surveillance with imaging technologies to monitor the tumor. For cancers that have metastasized, or spread beyond the kidney, newer treatment options include immune checkpoint inhibitors, tyrosine kinase inhibitors, or a combination of the two approaches.

"Advanced, metastatic kidney cancer is highly treatable with targeted therapy, immunotherapy or a combination of these newer therapies," said Rose, associate professor of medicine at UNC School of Medicine. "Understanding the science underlying the disease has allowed for the rational development of therapies that have positively affected many patients the past two decades."
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Plant signaling pathways decoded | ScienceDaily
When it comes to survival, plants have a huge disadvantage compared to many other living organisms: they cannot simply change their location if predators or pathogens attack them or the environmental conditions change to their disadvantage.


						
For this reason, plants have developed different strategies with which they react to such attacks. Such reactions are usually triggered by certain signals from the environment. As has long been known, the intracellular calcium concentration plays an important role in the processing of these signals.

However, in addition to changes in the cytoplasmic calcium level, changes in the cell's membrane potential have also been suspected as a signal transmitter. Research groups from the Departments of Neurophysiology, Pharmaceutical Biology and Botany at Julius-Maximilians-Universitat Wurzburg (JMU) have investigated the calcium-membrane potential relationship in more detail. They have now published their findings in the journal Nature.

Light-sensitive Channels Enable Targeted Manipulations

For their study, the research teams worked with tobacco plants that carry ion channels that can be specifically switched on with light. More than 20 years ago, Peter Hegemann, Georg Nagel and Ernst Bamberg initiated the success of optogenetics, with their discovery and characterization of light-activated ion channels, so-called channelrhodopsins. With the help of these light-sensitive proteins, which are obtained from algae and microorganisms, the JMU researchers were able to experimentally investigate whether the influx of calcium ions or anion efflux-mediated depolarization of the cell membrane is decisive for the plant's reaction to a certain stress situation. However, the scientists had to do a great deal of preparatory work before they were able to do this.

Optogenetics with Rhodopsins

Channelrhodopsins, ion channels that carry an intrinsic rhodopsin-based light switch, revolutionized neuroscience through the light-controlled investigation of neuronal networks. The use of channelrhodopsins in plant research only became possible 20 years later, through close collaboration between the group of Georg Nagel, Professor at the Institute of Physiology at JMU, and plant researchers from the Wurzburg Chairs of Botany 1, 2 and Pharmaceutical Biology.




In 2021, Georg Nagel's group, together with Dr. Kai Konrad, group leader at the JMU Chair of Prof. Rainer Hedrich Botany 1, published an approach to optimize the use of channelrhodopsins in plants by overcoming three main difficulties.

Rhodopsins Require Vitamin A

Point 1: "Like all rhodopsins, including those in our eyes, channelrhodopsins require the small molecule retinal, also known as vitamin A, to absorb light. We humans get retinal mainly from beta-carotene, the provitamin A. However, land plants do not contain retinal, but a lot of beta-carotene," explains Dr. Shiqiang Gao, co-author of the Nature publication and 'rhodopsin engineer' from the Optogenetics lab of the Department of Neurophysiology at JMU.

In 2021, Gao succeeded for the first time in combining the expression of channelrhodopsins with the production of retinal from beta-carotene in plant cells. This enabled the development of tobacco plants with a high retinal content and successful expression of channelrhodopsins.

Dr. Markus Krischke from the Metabolomics Core Unit at the Department of Pharmaceutical Biology headed by Professor Martin Muller at JMU Wurzburg confirmed the high retinal content of the various transgenic tobacco plants.

Comparable transgenic tobacco plants were produced for the recently published study by Dr. Meiqi Ding from the Department of Botany I under the direction of plant physiologist and expert for plant signal processing Dr. Kai Konrad from the group of Professor Rainer Hedrich at the Department of Botany I.




Plants Need Light to Grow

Point 2: "Most rhodopsins are activated by blue or green light. However, this is always a component of white light," explains Georg Nagel. As a result, the tobacco plants could not be grown in a greenhouse or under artificial white light, as is usually the case. Only in special growth chambers with red LED light, which can be used photosynthetically, it was possible to avoid unwanted rhodopsin activation. Tests under different growth conditions showed: "Tobacco develops healthily and unchanged under red light compared to greenhouse conditions," says Dr. Kai Konrad.

Functional Expression of Channelrhodopsins in Plants

Point 3: The expression of chanelrhodopsin in tobacco cells often causes difficulties. In 2021, the Wurzburg team of scientists succeeded in expressing the light-activated anion channel GtACR1 in tobacco plant cells. As a result, Georg Nagel's team was able to develop various channelrhodopsins that were optimized for the permeability of calcium ions. Finally, Dr. Shiqiang Gao and Dr. Shang Yang, both members of Nagel's group, succeeded in developing a very good calcium-conducting channelrhodopsin XXM 2.0 for targeted expression in tobacco plants.

This was the breakthrough: "The successful expression of channelrhodopsins with different ion selectivity in plant cells enables the comparison of different ion signals in parallel to the electrical signal, the so-called depolarization," explains Dr. Meiqi Ding. She used the calcium-conducting channelrhodopsin XXM 2.0 and the light-activated anion channel GtACR1 to investigate the different ion signaling pathways in tobacco.

A New Era in Plant Research

These newly generated "optogenetic" tobacco plants made it possible to clarify the question of whether calcium influx or membrane depolarization is decisive for the plant's response to a specific stress situation. "The answer was clear," says Dr. Kai Konrad, corresponding author. First author Dr. Meiqi Ding from Dr. Konrad's group explains, "After activation of the anion channel, the leaves wilted and responded with the typical plant response to drought; the plant hormone abscisic acid (ABA) was produced and gene expression was ramped up to protect against desiccation."

"However, in the plants with the calcium channel, there was no change in ABA levels after optogenetic stimulation," Dr. Ding continued. "Instead, the plants produced signal molecules and plant hormones to initiate defence mechanisms against predators, recognizable by white spots on the leaves," said Dr. Konrad.

Dr Sonke Scherzer at the chair of Prof Hedrich was able to show by direct ROS measurements that reactive oxygen species (ROS) are released in the process.

Dirk Becker and Rainer Hedrich at the Chair of Botany 1, designed an experimental approach to support the working hypothesis using transcriptomic and bioinformatic analysis.

The scientists are convinced that this study is just the beginning of a new era in plant research. Ultimately, the signaling pathways of plants can now be better "illuminated" using various rhodopsins.
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Thermochromic material could make indoor temperature control more energy-efficient | ScienceDaily
Rice University researchers have developed a smart material that adjusts its transparency with changes in temperature, outperforming similar materials in terms of durability, transparency and responsiveness. The new polymer blend could significantly enhance energy efficiency for indoor space cooling, according to a new study published in Joule.


						
Cooling off can be a matter of life or death, but air conditioning -- when and if available -- already accounts for 7% of the world's energy use and 3% of carbon emissions. With temperatures hitting record highs and heat waves growing more frequent worldwide, the need for more efficient ways to keep indoor temperatures in check has also grown more urgent.

One way to mitigate the issue involves coating windows with materials that keep heat out while still allowing light to pass through. One such class of materials is thermochromics, yet existing varieties are still too expensive and short-lived to make a feasible choice for use in buildings, vehicles and wherever else needed.

The new salted polymer blend system developed by Rice engineers in the Nanomaterials Laboratory led by Pulickel Ajayan overcomes these challenges, potentially enabling the large-scale deployment of thermochromics as an energy-efficient indoor space cooling technology.

"Imagine a window that becomes less transparent as the day gets warmer, keeping interiors cool without consuming energy," said Sreehari Saju, a materials science and nanoengineering doctoral student at Rice who is a co-lead author on the study. "Our formulation leverages both organic and inorganic components to overcome the limitations of existing thermochromic materials such as short lifespans and high costs.

"Moreover, this material's thermic response is well-matched to real-world environmental demands. We think that smart windows made from this material could significantly reduce energy consumption in buildings, making a tangible impact on both energy costs and carbon footprint."

The researchers combined experimental methods with computational simulations to understand the material's behavior under different environmental and architectural settings. For instance, they assessed how the material would perform in specific urban areas around the world to get a sense of its potential impact when deployed at scale.




"Our approach was unique because it required a precise balance of materials and techniques that had not been previously explored in this combination, offering a new pathway for developing smart materials," said Anand Puthirath, a research scientist in the Ajayan research group and co-lead author on the study. "We conducted comprehensive experiments to characterize the properties of the material, as well environmental stability and durability testing, showing that our blend can outperform existing thermochromics."

The researchers synthesized the material by mixing two polymers with a type of salt and worked on optimizing the composition to achieve smooth transitions between transparent and opaque states with temperature fluctuations. Their findings show that the new thermochromic blend is not only highly effective in regulating solar radiation but also remarkably durable with an estimated lifespan of 60 years.

"These research findings set new benchmarks in thermochromics' durability and performance and particularly in a simple practically viable system," said Ajayan, the corresponding author on the study and Rice's Benjamin M. and Mary Greenwood Anderson Professor of Engineering and professor and department chair of materials science and nanoengineering. "Our work addresses a critical challenge in sustainable architecture, offering a practical and scalable solution for enhancing energy efficiency in buildings."

The thermochromic behavior of the material was studied in collaboration with Professor Yi Long and her doctoral student, Shancheng Wang, from the Department of Electronic Engineering at the Chinese University of Hong Kong, Sha Tin.
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Among Viking societies, Norway was much more violent than Denmark | ScienceDaily
Rates of violence in Viking Age Norway and Denmark were long believed to be comparable. A team of researchers including University of South Florida sociologist David Jacobson challenges that assumption.


						
Their findings show that interpersonal violence -- violence not meted out as punishment by authorities -- was much more common in Norway. This is evident in the much greater rates of trauma on skeletons and the extent of weaponry in Norway. The study, published in the Journal of Anthropological Archaeology, sheds new light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

Jacobson is part of an interdisciplinary team that combined archaeology and sociology along with the study of skeletons and of runestones -- raised stones bearing inscriptions -- to reveal key differences in how violence, social hierarchies and authority influenced these dynamics in the two regions. The other scholars on the team are from Norway and Germany.

"The interdiscipilinary approach taken in this study shows us how social and political patterns can be revealed, even when there are a paucity of written sources," Jacobson said.

Norway: A More Violent Society?

Researchers analyzed skeletal remains from Viking Age Norway and Denmark and found that 33% of the Norwegian skeletons showed healed injuries, indicating that violent encounters weren't uncommon. By comparison, 37% of the skeletons showed signs of lethal trauma, highlighting the frequent and often fatal use of weapons in Norway.

A notable feature in Norway was the presence of weapons, particularly swords, alongside skeletons in graves. The study identified more than 3,000 swords from the Late Iron Age and Viking periods in Norway, with just a few dozen in Denmark. These findings suggest weapons played a significant role in Norwegian Viking identity and social status -- further emphasizing the culture's connection to violence.




Denmark: Steeper Social Hierarchies and Controlled Violence

In Denmark, the findings show a different pattern. Danish society was more centralized, with clearer social hierarchies and stronger central authority. Violence was more organized and controlled, often linked to official executions rather than acts of personal violence.

For example, skeletal remains in Denmark showed fewer signs of weapon-related injuries but included evidence of executions such as decapitations. Skeletal evidence suggests about 6% of Viking Danes died violently, almost all from executions.

Denmark's more structured society also had a smaller percentage of graves containing weapons than Norway's. Instead, social order was maintained through political control, reflected in the construction of large earthworks and fortifications. These monumental structures, particularly during the reign of King Harald Bluetooth in the 10th century, demonstrated Denmark's greater capacity for coordinated labor and more organized social hierarchies.

Why the Differences?

The study suggests that Denmark's more rigid social structure meant that violence was less frequent but more systematically enforced through official channels, such as executions. Meanwhile, Norway's more decentralized society experienced more peer-to-peer violence, as indicated by the higher levels of trauma found in skeletons.




The findings also support the broader theory that stronger authority and steeper social hierarchies can reduce the overall levels of violence in a society by centralizing the use of force under official control.

"The findings of these patterns suggest that we are talking of distinct societies in the regions of Norway and Denmark," Jacobson said. "This is quite striking, as the assumption has been that socially Viking Scandanavia was largely a singular space."

Broader Implications

The research contributes to a growing body of work that explores how social structures influenced violence in historical societies. Similar patterns have been observed in other parts of the world, such as the Andes region of South America and in areas of North America, where less centralized societies also experienced higher levels of violence.

Jacobson said he hopes the study "is a step towards a new explanatory model, especially when written sources from the period are partial or even nonexistent."

Note: Scholars from the University of Oslo, Deutscher Verband fur Archaologie in Germany and the Norwegian University of Science and Technology also were part of the research team.
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Ultrasound devise shows promise for treating chronic pain | ScienceDaily
Pain is a necessary biological signal, but a variety of conditions can cause those signals to go awry. For people with chronic pain, the root is often faulty signals emerging deep within the brain, giving false alarms about a wound that has since healed, a limb that has since been amputated, or other intricate, hard-to-explain scenarios.


						
Patients with this kind of life-altering pain are constantly looking for new treatment options; now a new device from the University of Utah may represent a practical long-sought solution.

Researchers at the university's John and Marcia Price College of Engineering and Spencer Fox Eccles School of Medicine have published promising findings about an experimental therapy that has given many participants relief after a single treatment session. They are now recruiting participants for a final round of trials.

At the core of this research is Diadem, a new biomedical device that uses ultrasound to noninvasively stimulate deep brain regions, potentially disrupting the faulty signals that lead to chronic pain.

The findings from a recent clinical trial are published in the journal Pain. This study constitutes a translation of two previous studies, published in Nature Communications Engineering and IEEE Transactions on Biomedical Engineering, which describe the unique features and characteristics of the device and demonstrate its efficacy.

The study was conducted by Jan Kubanek, a professor in Price's Department of Biomedical Engineering, and Thomas Riis, a postdoctoral researcher in his lab. They collaborated with Akiko Okifuji, professor of Anesthesiology in the School of Medicine, as well as Daniel Feldman, graduate student in the departments of Biomedical Engineering and Psychiatry, and laboratory technician Adam Losser.

The randomized sham-controlled study recruited 20 participants with chronic pain, who each experienced two 40-minute sessions with Diadem, receiving either real or sham ultrasound stimulation. Patients described their pain a day and a week after their sessions, with 60% of the experimental group receiving real treatment reporting a clinical meaningful reduction in symptoms at both points.




"We were not expecting such strong and immediate effects from only one treatment," Riis said.

"The rapid onset of the pain symptom improvements as well as their sustained nature are intriguing, and open doors for applying these noninvasive treatments to the many patients who are resistant to current treatments," Kubanek added.

Diadem's approach is based on neuromodulation, a therapeutic technique that seeks to directly regulate the activity of certain brain circuits. Other neuromodulation approaches are based on electric currents and magnetic fields, but those methods cannot selectively reach the brain structure investigated in the researchers' recent trial: the anterior cingulate cortex.

After an initial functional MRI scan to map the target region, the researchers adjusted Diadem's ultrasound emitters to correct for the way the waves deflect off the skull and other brain structures. This procedure was published in Nature Communications Engineering.

The team is now preparing for a Phase 3 clinical trial, the final step before approval from the Food and Drug Administration to use Diadem as a treatment for the general public.

"If you or your relatives suffer from chronic pain that does not respond to treatments, please reach out to us; we need to recruit many participants so that these treatments can be approved for the general public," Kubanek said. "With your help, we think chronic pain can be effectively silenced. And with new pain treatment options, we can tackle the opioid crisis, too."
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Health impacts of repeated wildfires and smoke exposure | ScienceDaily
University of California, Irvine public health researchers have published a study in the journalEnvironmental Research Health highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.


						
Through detailed focus groups and surveys across four affected locales -- Thermal, Mecca, Oasis and North Shore -- in eastern Coachella Valley, the work provides a comprehensive look at the personal and collective toll these disasters take on residents, says corresponding author Suellen Hopfer, associate professor of health, society and behavior at UC Irvine's Joe C. Wen School of Population & Public Health.

The eastern Coachella Valley is a desert ecosystem within Riverside County with increasingly invasive grasslands coupled with extreme heat that frequently experiences wildfires. Hispanic American populations are well established in the valley, with an estimated 92 percent of residents originating from Latino countries (mostly Mexico). Agriculture and construction are the predominant industries and employers in this region.

Between February and April 2023, Hopfer and her team collected and analyzed 118 valley residents' personal stories of evacuations, health impacts and disruptions to daily life caused by fires and smoke. Their findings are among the few to contribute to the literature about how low-income, marginalized communities can respond to and protect themselves from wildfire threats. They also highlight the strength and perseverance of the people fighting these circumstances.

The residents shared stories with the researchers about physical health issues triggered by wildfire smoke. Breathing difficulties, sinus problems and eye irritation were common, particularly among children, the elderly and those with preexisting conditions. Equally important were the mental health impacts.

Living with persistent smoke and extreme heat, children unable to go outside, and family members working in extreme heat and smoke resulted in continuous psychological stress, anxiety and fear. These psychological stressors were exacerbated by the constant possibility of dangerous wildfires.

"This report is made possible by the eastern Coachella Valley families and community residents who shared their fire experiences and effects with our research team," said Hopfer, who holds a joint appointment in pediatrics. "Through our community-academia partnership, our findings can serve as a critical resource for policymakers, emergency response teams and public health officials aiming to develop more effective support systems to protect ECV's most vulnerable populations."

The findings, she added, underscore the urgent need for improved emergency preparedness and resources. Residents called for better communication channels, affordable trash services to reduce fire risks and tailored fire prevention education in Spanish. The study also emphasizes the importance of community interaction in wildfire mitigation, Hopfer said, with neighbors playing crucial roles in alerting and assisting one another during emergencies.

Additional authors included UC Irvine doctoral candidates Anqi Jiao and Mengyi Li, as well as Jun Wu, professor of environmental and occupational health, from the Joe C. Wen School of Population & Public Health, along with Anna Lisa Vargas from Communities for a New California Education Fund.

This work was supported by a grant from the California Air Resources Board.
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Making waves in hurricane prediction | ScienceDaily
More accurately predicting periods of increased hurricane activity weeks in advance may become possible due to new research published this month.


						
The study, led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), shows that twice as many hurricanes form two days after the passing of large-scale atmospheric waves called Kelvin waves than in the days before. This finding may enable forecasters and emergency managers to anticipate clusters of hurricanes days to weeks in advance.

The research team used an innovative computer modeling approach to tease out the influence of Kelvin waves, which are large-scale atmospheric waves that can extend more than 1,000 miles in the atmosphere and shape global weather patterns.

"If weather forecasters can detect a Kelvin wave over the Pacific Ocean, for example, then they can anticipate that a few days after the wave there will be an uptick in hurricanes forming over the Atlantic," said NSF NCAR scientist Rosimar Rios-Berrios, the lead author of the paper. "This would help them communicate with emergency managers and local governments who could prepare for the likelihood of an active hurricane period and alert the public. This research has the potential to save many lives."

The study was published in Monthly Weather Review.

Aquaplanet 

For decades, scientists have noticed that hurricanes form in clusters followed by several weeks of little to no hurricane activity. Several studies have suggested that Kelvin waves could be responsible for the surge in hurricanes, but scientists were unable to separate out other potential factors and prove Kelvin waves were responsible. To overcome this, Rios-Berrios and her colleagues used a novel combination of computer modeling tools to confirm that Kelvin waves do indeed boost hurricane formation.




The research team used a simulation called aquaplanet that was run on NSF NCAR's Model for Prediction Across Scales (MPAS), which is a next-generation computer model that can capture fine-scale weather phenomena and global-scale atmospheric patterns simultaneously. Aquaplanet is a configuration that simulates a hypothetical world that behaves like Earth, but doesn't have land or seasons. The simplified world acts like a lab and makes it easier to isolate the effects of Kelvin waves on hurricane formation.

The scientists ran the simulations on the Cheyenne supercomputer at the NCAR-Wyoming Supercomputing Center.

To investigate the connection between Kelvin waves and hurricanes, the research team measured the number of days between hurricane formation and Kelvin wave crests. The measurements showed a significant peak after two days, with hurricane development being twice as likely. Because the aquaplanet simulations capture the physical process of hurricane formation, the results go beyond correlation and suggest that Kelvin waves are actually impacting hurricane formation.

The new study also emphasizes the importance of recent research that Rios-Berrios co-authored with NSF NCAR postdoc Quinton Lawton about the need to improve the ability of weather forecast models to simulate Kelvin waves.

"I started this research on Kelvin waves in 2017. It was a big project that took years to go from an idea to scientific results and really highlights why this type of research is so valuable," said Rios-Berrios. "There are still a lot of gaps in scientific knowledge about how hurricanes form and research like this helps us narrow where scientists should focus to better understand these powerful storms."
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Dark matter could have helped make supermassive black holes in the early universe | ScienceDaily
Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.


						
It takes a long time for supermassive black holes, like the one at the center of our Milky Way galaxy, to form. Typically, the birth of a black hole requires a giant star with the mass of at least 50 of our suns to burn out -- a process that can take a billion years -- and its core to collapse in on itself.

Even so, at only about 10 solar masses, the resulting black hole is a far cry from the 4 million-solar-masses black hole, Sagittarius A*, found in our Milky Way galaxy, or the billion-solar-mass supermassive black holes found in other galaxies. Such gigantic black holes can form from smaller black holes by accretion of gas and stars, and by mergers with other black holes, which take billions of years.

Why, then, is the James Webb Space Telescope discovering supermassive black holes near the beginning of time itself, eons before they should have been able to form? UCLA astrophysicists have an answer as mysterious as the black holes themselves: Dark matter kept hydrogen from cooling long enough for gravity to condense it into clouds big and dense enough to turn into black holes instead of stars. The finding is published in the journal Physical Review Letters.

"How surprising it has been to find a supermassive black hole with a billion solar mass when the universe itself is only half a billion years old," said senior author Alexander Kusenko, a professor of physics and astronomy at UCLA. "It's like finding a modern car among dinosaur bones and wondering who built that car in the prehistoric times."

Some astrophysicists have posited that a large cloud of gas could collapse to make a supermassive black hole directly, bypassing the long history of stellar burning, accretion and mergers. But there's a catch: Gravity will, indeed, pull a large cloud of gas together, but not into one large cloud. Instead, it gathers sections of the gas into little halos that float near each other but don't form a black hole.

The reason is because the gas cloud cools too quickly. As long as the gas is hot, its pressure can counter gravity. However, if the gas cools, pressure decreases, and gravity can prevail in many small regions, which collapse into dense objects before gravity has a chance to pull the entire cloud into a single black hole.




"How quickly the gas cools has a lot to do with the amount of molecular hydrogen," said first author and doctoral student Yifan Lu. "Hydrogen atoms bonded together in a molecule dissipate energy when they encounter a loose hydrogen atom. The hydrogen molecules become cooling agents as they absorb thermal energy and radiate it away. Hydrogen clouds in the early universe had too much molecular hydrogen, and the gas cooled quickly and formed small halos instead of large clouds."

Lu and postdoctoral researcher Zachary Picker wrote code to calculate all possible processes of this scenario and discovered that additional radiation can heat the gas and dissociate the hydrogen molecules, altering how the gas cools.

"If you add radiation in a certain energy range, it destroys molecular hydrogen and creates conditions that prevent fragmentation of large clouds," Lu said.

But where does the radiation come from?

Only a very tiny portion of matter in the universe is the kind that makes up our bodies, our planet, the stars and everything else we can observe. The vast majority of matter, detected by its gravitational effects on stellar objects and by the bending of light rays from distant sources, is made of some new particles, which scientists have not yet identified.

The forms and properties of dark matter are therefore a mystery that remains to be solved. While we don't know what dark matter is, particle theorists have long speculated that it could contain unstable particles which can decay into photons, the particles of light. Including such dark matter in the simulations provided the radiation needed for the gas to remain in a large cloud while it is collapsing into a black hole.

Dark matter could be made of particles that slowly decay, or it could be made of more than one particle species: some stable and some that decay at early times. In either case, the product of decay could be radiation in the form of photons, which break up molecular hydrogen and prevent hydrogen clouds from cooling too quickly. Even very mild decay of dark matter yielded enough radiation to prevent cooling, forming large clouds and, eventually, supermassive black holes.

"This could be the solution to why supermassive black holes are found very early on," Picker said. "If you're optimistic, you could also read this as positive evidence for one kind of dark matter. If these supermassive black holes formed by the collapse of a gas cloud, maybe the additional radiation required would have to come from the unknown physics of the dark sector."

Key takeaways
    	Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.
    	UCLA astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole.
    	In addition to explaining the existence of very early supermassive black holes, the finding lends support for the existence of a kind of dark matter capable of decaying into particles such as photons.
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'Silent' mutations found to have repercussions beyond their own gene | ScienceDaily
Genetic disorders -- like cystic fibrosis and Huntington's disease -- are considered incurable, with gene mutations occurring in essentially every cell of the body.


						
Gene mutations occur when one nucleotide in a codon is switched. In non-synonymous mutations, this disrupts the codon's function to code for its amino acid. In synonymous mutations, the codon still codes the correct amino acid. As such, these mutations are dubbed "silent" and often considered inconsequential to human health.

Now, researchers from the University of Notre Dame are adding new evidence to the emerging concept that these silent mutations may have crucial consequences. Their study, published in the Proceedings of the National Academy of Sciences, showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

"The dogma in the field right now is that within the protein coding part of the genome, the only mutations that matter are the ones that change the DNA to code from one amino acid to another," said Patricia L. Clark, the O'Hara Professor of Chemistry and Biochemistry at Notre Dame and lead author of the study. "That's a very oversimplified view -- to the point of being detrimental -- of what matters."

For this study, funded by Clark's Director's Pioneer Award from the National Institutes of Health, researchers experimented with the genome of the bacteria E. coli, as its small genome and simple cell structure make it more straightforward to ask fundamental questions about the impact of mutations than human cells. They created nine different synonymous versions of the CAT (Chloramphenicol acetyltransferase) gene, with each using different synonymous codons to encode the CAT protein.

When those different synonymous versions were expressed, they discovered that four of nine synonymous sequences affected the number of CAT proteins synthesized.

"Think about synonymous mutations like a huge quilt of possible DNA sequences that are all going to give you the same protein," Clark said. "You can pick any part of the quilt and get the same protein, but will you get the same amount of protein? Will the protein fold be the same? Is the cell going to be healthy? This is what we were looking at."

Clark's initial hypothesis, as an expert in protein folding, was that these four synonymous mutations might be altering CAT protein folding, which occurs after gene expression. However, the researchers -- including first author Anabel Rodriguez, then a doctoral student in Clark's lab -- went on to discover that the impact of the synonymous mutations occurs during the gene expression process, affecting the transcription of DNA to RNA.




"What Anabel showed was that the amount of CAT protein synthesis was correlated to the amount of CAT RNA synthesis," Clark said. "This indicated that some synonymous mutations screwed up the synthesis of RNA from DNA. That Anabel was able to figure out this novel transcriptional regulation mechanism, while working in a lab with no previous experience studying transcription, is a remarkable achievement."

The research showed that some of the synonymous mutations created cryptic transcription sites on the CAT DNA strand. RNA polymerase, the enzyme responsible for transcribing DNA to RNA, was binding to these cryptic transcription sites -- instead of their expected binding site.

These polymerases synthesized an RNA that started within CAT, but extended to also encode the entire neighboring, upstream gene. In the case of CAT, the upstream gene encodes a repressor protein, so making more of it represses the expression of CAT.

The concept of a synonymous mutation impacting its own gene's processes has only been considered in the last decade. So the idea that a synonymous mutation on one gene could also affect the transcription and translation processes of a neighboring gene is a significant expansion -- and something Clark and her lab plan to further explore.

"There has been an increasing number of landmark studies that show how incomplete our understanding is on the impact of synonymous mutations. We should be considering how these mutations impact all diseases and genetic disorders," Clark said. "I hope that our study will help accelerate the building of a comprehensive understanding."

Next, the research team plans to analyze how some of the synonymous mutations of the CAT gene were able to recruit RNA polymerase to the cryptic binding location so efficiently. This is especially intriguing given that the currently available machine learning algorithms have not been able to accurately predict it.

Clark serves as an associate vice president of research and director of the Biophysics Instrumentation Core Facility at Notre Dame. Anabel Rodriguez, former graduate student in Clark's lab and current instructor at Coastal Carolina Community College, was the lead author of the study.

Other study co-authors include Jacob Diehl, Christopher Bonar, Taylor Lundgren, McKenze Moss, Jun Li, Tijana Milenkovic, Paul Huber and Matthew Champion from Notre Dame; Gabriel Wright from the Milwaukee School of Engineering; and Scott Emrich from the University of Tennessee.
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Using high resolution mass spectrometry to study fuel chemistry | ScienceDaily
U.S. Naval Research Laboratory researcher Mark Romanczyk, Ph.D., developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.


						
The approaches Romanczyk utilizes enable highly detailed qualitative analysis of complex mixtures in minutes. One recent method facilitated the investigation of chemical changes that occurred in weathered crude oil in terrestrial environments. Several of the methods were recently published in the science journal Fuel.

"Despite the accidental rise of oil spilled onto landmasses, less research has been dedicated to evaluating the compositional changes/fate of oil prior to its introduction into bodies of water" said Romanczyk. "The lack of information affords an opportunity to investigate and qualitatively characterize oil as a function of weathering time in the absence of an aqueous environment. These studies may provide highly useful information for oil spill cleanup and exposure concerns."

Upon direct sun exposure, the lightest aromatic hydrocarbons (i.e., alkylbenzenes, alkyltetralins with total carbons of approximately twelve) in the crude oil evolved in the first 24 hours of weathering. After 24 hours, a thin film formed on the surface trapping the lightest aromatic hydrocarbons where the overall composition remained unchanged.

However, the heaviest aromatic hydrocarbons (i.e., naphthalenes, anthracenes) showed evidence of photooxidation, despite film formation. The results demonstrate that the compositional changes of oil in a terrestrial environment may differ from that of an aquatic environment as wave action will likely stir the oil, preventing film formation.

Additional methods have been used to detect and characterize heteroatom-containing compounds (HCCs) in fuels. HCCs are a concern for fuel stability as they initiate adverse chemical reactions. The novel methods discovered new classes of HCCs not previously documented and aids at linking the composition of fuel to performance and properties.

"The approaches Mark and his colleagues are developing enable highly detailed analysis of fuel composition in minutes," said Kevin J. Johnson, Ph.D., head, Navy Technology Center for Safety and Survivability. "I think this is going to lead to significant advancements in the near future in how we formulate and handle fuels in the Navy and Department of Defense."

Romanczyk was recently awarded by the International Association for Fuel Stability and Handling (IASH) the Chevron Research Award of Excellence in honor of John Bacha at the IASH 2024 International Symposium this September in Louisville, Kentucky.




Bacha was a consulting scientist with Chevron Products Company. He was a strong supporter of IASH and was internationally recognized for his studies on diesel fuel and residual fuel chemistry. He was dedicated to encouraging the younger generation to join and enrich the industry.

Romanczyk is a leading expert in complex mixture analysis, including petroleum-derived fuels, crude oils, and alternative fuels. Currently, he is developing novel links between fuel compositions and stability properties and analytical techniques that detect PFAS (Per- and polyfluoroalkyl substances) at the parts per billion level. He also studies the weathering of crude oil. He has sixteen publications in top-tier journals and has hundreds of citations. He is a member of the American Chemical Society, IASH and American Society for Mass Spectrometry.

The Chemical Sensing and Fuel Technology Section conducts research aimed at increasing the Navy's understanding of chemical processes which lead to the development of novel sensing and analytical data analysis methods. Projects include chemical and biological detection, hazardous chemical detection, intelligent data fusion, chemometrics applied to sensor systems and analytical methods.

This program consists of research projects involving novel state-of-the-art methods for the detection of hazardous chemicals, Navy mobility fuel properties, trace chemical analysis and damage control events such as fire and flooding. These R&D projects require expertise in organic chemistry, chemical analysis, instrument design, high resolution mass spectrometry research, analytical method development, computational modeling, chemometrics, and system verification.

The research areas address environmental and workplace detection needs using chemical sensors, personal dosimetry, and area monitoring. Another major area of research is the application of artificial intelligence techniques to data interpretation problems associated with hazardous material detection and improved situational awareness of fuels, and the formulation of novel chemometric algorithms to enable the development of sensing technologies for automated fuel quality diagnostics and prognostics.
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Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play | ScienceDaily
Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study published August 28, 2024 in the open-access journal PLOS ONE by Marlene Stratmann of Karlstad University, Sweden, and colleagues.


						
Gender nonconformity (GNC) refers to variations in gender expression from societal and cultural gender norms. In childhood, GNC can manifest itself in several ways, including play behavior, peer relationships, clothing, and body language. Childhood GNC does not directly indicate developing gender dysphoria (GD) later in life, although the phenomena are linked. Recently, studies have begun to establish a high co-occurrence of GNC, GD and autism spectrum disorder. However, most of this work has been carried out in clinical populations with existing diagnoses, which may lead to an overestimation of the associations between GNC and autistic traits and behavioral difficulties in a non-clinical population.

In the new study, researchers analyzed data on 718 children enrolled in the Swedish Environmental Longitudinal, Mother and Child, Asthma and Allergy (SELMA) study for which there were data on play behavior and behavioral outcomes. GNC play behavior was determined using the Preschool Activities Inventory, which includes 12 "feminine" and 12 "masculine" toys, play activities and child characteristics.

In both sexes, higher levels of gender nonconforming play was associated with increased behavioral difficulties. Higher masculine play behavior scores were associated with hyperactivity and inattention in both sexes. Higher feminine play scores in boys were associated with peer relationship problems, while higher masculine play scores in girls were associated with increased likelihood of autistic traits and behavioral difficulties.

The study involves a sample of children of only one age in a single country, and cannot be used to draw any conclusions as to causation. However, the authors conclude that gender nonconformity may be associated with behavioral challenges and difficulties in both sexes, even in children without any diagnoses.

The authors add: "The results showed that children who played more with toys traditionally considered for the opposite gender had more autistic traits and behavioral problems. At the same time it is very important to keep in mind that just because a girl decides to play rougher or a boy plays with dolls, it does not mean that there will be a link to behavioral difficulties or autistic traits in this child."
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Geographic differences in U.S. homicide rates have decreased since the 1970s | ScienceDaily
A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades. Richard Boylan of Rice University in Houston, Texas, US, presents these findings in the open-access journal PLOS ONE on August 28, 2024.


						
Since the 1970s, gaps in economic and social wellbeing between Americans living in different regions have grown. Some researchers hypothesize that areas with reduced economic and social well-being would see higher rates of violent crime. For instance, impoverished areas with lower tax bases might receive less police protection, or a lack of job opportunities may lead to greater involvement in criminal enterprises, in which violence can be an effective tool.

However, few studies have systematically examined potential links between geographic economic disparities and geographic disparities in violent crime rates. To address this gap, Boylan analyzed data from the National Center for Health Statistics, comparing homicide rates between the US's 741 commuting zones across both urban and rural areas -- distinct geographic areas within which most residents live and work, with few commuting into another zone.

Boylan found that, since the 1970s, disparities in US homicide rates between US commuting zones have steadily decreased, even while economic and social inequalities increased.

One potential explanation for these findings, as Boylan notes, is that since the 1970s, geographic disparities in policing, incarceration, and the share of the population that is African American has also decreased across the US. He suggests that future research could examine whether any of these factors could have contributed to the decreased disparities in homicide rates.

Alternatively, Boylan suggests, the expected violence-boosting effects of worsening social and economic conditions in some areas might have been mitigated by state, county, and federal law enforcement bodies stepping in to ensure continued prosecution of violent crime, such as in instances when local police departments were disbanded in economically challenged cities.

In contrast to the homicide findings, the researcher notes, geographic disparities in US life expectancies have increased since the 1960s, likely due to state policies that include tobacco taxes and Medicaid expansions.

Dr. Boylan adds: "There is a perception that job losses in the rust belt have led to an increase in inequality in crime. However, I provide empirical evidence that inequalities across different parts of the country in crime have steadily decreased since the 1960s and that this decrease coincides with decreases in disparities in policing, incarceration, and the share of the population that is African American."
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Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa | ScienceDaily
Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study published in the open access journal, PLOS Global Public Health. The decline is expected to continue to 2050, according to Angela E Apeagyei and researchers at the Institute for Health Metrics and Evaluation, University of Washington, Seattle, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.


						
The research analyses data from databases covering development assistance for health, global health spending and gross domestic spending (GDP) per capita as well as an expected health spending database which provides projected health spending data to 2050. It finds that except for central and eastern Europe and Central Asia, around the world total health spending is expected to rise as a share of GDP, but in Sub-Saharan Africa (except in southern sub-Sahara Africa) it is expected to decrease.

Beyond the challenge of a low prioritization of the health sector in the government budget, another major driver of this decline is a reduction in development assistance for health. The Millennium Development Goals led to a period of growth in health funding, and development assistance for health grew on average 11.1% annually from 2000 until 2015. It has since dropped to just 4.6% and was particularly hit by the global economic issues caused by the COVID pandemic and subsequent economic shocks such as the war in Ukraine. Although government spending on health in Sub-Saharan Africa has increased, and is expected to continue to rise, the gap left by decreases in development assistance will not be met.

Without improvements, this trend will pose a significant challenge to meeting health-related Sustainable Development Goals and the African Union's Africa Agenda 2063. The authors hope that their analysis will help policymakers understand future health spending patterns and can translate the insights into tangible actions that can help navigate the region's complex economic and health challenges.

The authors add: "For countries in sub-Saharan Africa, the projected growth in donor and government funding for health is expected to be significantly lower compared to countries in other regions. This worrying trend underscores the need to prioritize innovative financing strategies to strengthen health systems in line with the region's economic growth and the broader health needs of its population."
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People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided | ScienceDaily
Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a study published August 28, 2024 in the open-access journal PLOS Mental Health by Nick Haslam from the University of Melbourne, Australia, and colleagues.


						
In recent years, there's been a general shift to increased diagnoses of mental ill-health. Here, Haslam and colleagues investigate the implications of diagnosing individuals presenting with mild or marginal symptoms. In this research, symptoms were judged to be mild or marginal by members of the public who rated different examples ranging in severity from clearly below to clearly above the diagnostic threshold as determined by a scale in a prior study.

Haslam and colleagues provided research participants (who were U.S. adults recruited from an online platform) with short vignettes describing people presenting with mild or marginal symptoms of different mental illnesses. 261 participants in Study 1 were given three labeled ("This person has a diagnosis of ___") or unlabeled vignettes describing people presenting with symptoms of major depressive disorder (MDD), bipolar disorder (BD), or generalized anxiety disorder (GAD). 684 participants in Study 2 were given one labeled or unlabeled vignette describing someone presenting with either post-traumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD), or binge-eating disorder (BED). Participants were asked about their empathy for the described individual, their support in offering accommodations (e.g. "This person's employer should not hesitate to offer them extra time to complete work-related tasks"), their suitability for mental health treatment, the persistence of their difficulties (e.g. "This person is likely to fully recover from their problems."), and their identity (e.g. "This person's problems are an important part of who they are" (Study 2 only)).

In Study 1, labeled individuals tended to elicit more empathy and be seen as more suitable for treatment versus unlabeled individuals, but were also believed to have more persistent problems. Study 2 differed from Study 1 in that there was no significant difference between empathy for labeled versus unlabeled individuals, but it also found that labelled individuals were seen to have less capacity to overcome their problems. Participants' ratings varied significantly depending on the described disorder, with MDD and PTSD eliciting especially high empathy and accommodation support.

The results suggest that expansive diagnostic concepts that include relatively mild symptoms may promote help-seeking, empathy, and support, but also undermine perceived agency and expectations that problems can be overcome. It's critical to remember that the severity of symptoms of individuals with the conditions referred to in this study can change over time and "mild" is subjective. Additionally, the choice to obtain or choose a diagnostic label is a personal one and varies between individuals, conditions and communities.

The authors add: "Applying diagnostic labels to relatively mild forms of distress has mixed blessings. Our research shows that it can increase empathy and support for the person, but also make their problems seem out of their control and harder to overcome."
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Bacterial cells transmit memories to offspring | ScienceDaily
Bacterial cells can "remember" brief, temporary changes to their bodies and immediate surroundings, a new Northwestern University and University of Texas-Southwestern study has found.


						
And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

Not only does this discovery challenge long-held assumptions of how the simplest organisms transmit and inherit physical traits, it also could be leveraged for new medical applications. For example, researchers could circumvent antibiotic resistance by subtly tweaking a pathogenic bacterium to render its offspring more sensitive to treatment for generations.

The study will be published Wednesday (Aug. 28) in the journal Science Advances.

"A central assumption in bacterial biology is that heritable physical characteristics are determined primarily by DNA," said Northwestern's Adilson Motter, the study's senior author. "But, from the perspective of complex systems, we know that information also can be stored at the level of the network of regulatory relationships among genes. We wanted to explore whether there are characteristics transmitted from parents to offspring that are not encoded in DNA, but rather in the regulatory network itself. We found that temporary changes to gene regulation imprint lasting changes within the network that are passed on to the offspring. In other words, the echoes of changes affecting their parents persist in the regulatory network while the DNA remains unchanged."

Motter is the Charles E. and Emma H. Morrison Professor of Physics at Northwestern's Weinberg College of Arts and Sciences and director of the Center for Network Dynamics. The study's co-first authors are postdoctoral fellow Thomas Wytock and graduate student Yi Zhao, who are both members of Motter's laboratory. The study also involves a collaboration with Kimberly Reynolds, a systems biologist at the University of Texas Southwestern Medical Center.

Learning from a model organism

Since researchers first identified the molecular underpinnings of genetic code in the 1950s, they have assumed traits are primarily -- if not exclusively -- transmitted through DNA. However, after the completion of the Human Genome Project in 2001, researchers have revisited this assumption.




Wytock cites the World War II Dutch famine as a famous example pointing to the possibility of heritable, non-genetic traits in humans. A recent study showed that the children of men, who were exposed to the famine in utero, exhibited an increased tendency to become overweight as adults. But isolating the ultimate causes for this type of non-genetic inheritance in humans has proved challenging.

"In the case of complex organisms, the challenge lies in disentangling confounding factors such as survivor bias," Motter said. "But perhaps we can isolate the causes for the simplest single-cell organisms, since we can control their environment and interrogate their genetics. If we observe something in this case, we can attribute the origin of non-genetic inheritance to a limited number of possibilities -- in particular, changes in gene regulation."

The regulatory network is analogous to a communication network that genes use to influence each other. The research team hypothesized that this network alone could hold the key to transmitting traits to offspring. To explore this hypothesis, Motter and his team turned to Escherichia coli (E. coli), a common bacterium and well-studied model organism.

"In the case of E. coli, the entire organism is a single cell," Wytock said. "It has many fewer genes than a human cell, some 4,000 genes as opposed to 20,000. It also lacks the intracellular structures known to underlie the persistence of DNA organization in yeast and the multiplicity of cell types in higher organisms.Because E. coli is a well-studied model organism, we know the organization of the gene regulatory network in some detail."

Reversible stress, irreversible change

The research team used a mathematical model of the regulatory network to simulate the temporary deactivation (and subsequent reactivation) of individual genes in E. coli. They discovered these transient perturbations can generate lasting changes, which are projected to be inherited for multiple generations. The team currently is working to validate their simulations in laboratory experiments using a variation of CRISPR that deactivates genes temporarily rather than permanently.




But if the changes are encoded in the regulatory network rather than the DNA, the research team questioned how a cell can transmit them across generations. They propose that the reversible perturbation sparks an irreversible chain reaction within the regulatory network. As one gene deactivates, it affects the gene next to it in the network. By the time the first gene is reactivated, the cascade is already in full swing because the genes can form self-sustaining circuits that become impervious to outside influences once activated.

"It's a network phenomenon," said Motter, who is an expert in the dynamic behaviors of complex systems. "Genes interact with each other. If you perturb one gene, it affects others."

Although his team is deactivating genes to test the hypothesis, Motter is clear that different types of perturbations could cause a similar effect. "We also could have changed the cell's environment," he said. "It could be the temperature, the availability of nutrients or the pH."

The study also suggests that other organisms have the necessary elements to exhibit non-genetic heritability. "In biology, it's dangerous to assume anything is universal," Motter contends. "But, intuitively, I do expect the effect to be common because E. coli'sregulatory network is similar or simpler than those found in other organisms."

The study, "Irreversibility in bacterial regulatory networks," was supported by the National Science Foundation (award number MCB-2206974).
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Dogs understand words from soundboard buttons | ScienceDaily
If you've seen those viral social media videos of dogs using soundboard buttons to "talk," you're not alone. These buttons have taken the pet world by storm, leading to impressive and sometimes seemingly miraculous feats shared across platforms like TikTok and Instagram. But are these dogs truly communicating, or are they just responding to cues from their owners?


						
Now, a new study published in PLOS ONE -- by researchers from the University of California San Diego and other institutions -- reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses. Led by Federico Rossano, associate professor in the Department of Cognitive Science at UC San Diego and head of the Comparative Cognition Lab, this is the first empirical study emerging from the world's largest longitudinal project on button-trained pets.

Rossano, who is also featured in the popular new Netflix documentary "Inside the Mind of a Dog," emphasizes that this research is just one step in his lab's ongoing investigation of interspecies communication.

Key findings: The study shows that dogs trained to use soundboards responded appropriately to words like "play" and "outside," regardless of whether the words were spoken by their owners or triggered by pressing a button, as well as whether the buttons were pressed by the owner or an unrelated person. This suggests that dogs are not merely "reading" their owners' body language or presence but are indeed processing the words.

"This study addresses public skepticism about whether dogs truly understand what the buttons mean," said Rossano. "Our findings are important because they show that words matter to dogs, and that they respond to the words themselves, not just to associated cues."

The research involved two complementary experiments. The first was conducted in person, with researchers visiting 30 dogs' homes across the country to test their responses to soundboard buttons. The second experiment utilized citizen science, where 29 dog owners conducted the trials themselves at home under remote guidance.

The study's methodology was rigorously pre-registered, ensuring transparency and replicability. This pre-registration, which is publicly available online, outlines the study's hypotheses, data collection methods, variables, and analysis plans before any data was collected. This process, Rossano explained, enhances accountability, reduces the risk of cherry-picking results, and aligns with a growing movement in cognitive science and psychology to increase scientific rigor and reduce the likelihood of bias or fraud.




Rossano added, "We're just scratching the surface in this study. Future studies explore how dogs actively use these buttons, including the meaning and systematicity behind sequences of button presses. Our research underscores the importance of studying animals in their home environment, providing a more ecologically valid understanding of their abilities."

This study is part of a larger, ongoing research project involving thousands of participants worldwide. Upcoming research will delve deeper into how dogs spontaneously use soundboard buttons, further illuminating the complexities of dog cognition and communication.

The paper's first author is Amalia Bastos, a former postdoc at UC San Diego now a postdoc at Johns Hopkins University. The study was also conducted in collaboration with researchers from UC Davis, University of St. Andrews, Universitat de Valencia, and the University of Veterinary Medicine Vienna. The study data was collected in 2022 during the Omicron surge of the COVID-19 pandemic, with participants generously opening their homes to researchers, highlighting the growing public interest and engagement in citizen science.

This research was supported in part by a UC San Diego Academic Senate Research Grant (RG103503).
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New pancreatic cancer treatment proves effective in shrinking, clearing tumors | ScienceDaily
Researchers at the University of Massachusetts Amherst and UMass Chan Medical School have demonstrated in mice a new method to combat pancreatic cancer. The study, published in Science Translational Medicine, outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.


						
Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic cancer. With a dismal,13% five-year survival rate, it is the third leading cause of cancer deaths.

One major challenge is the microenvironment surrounding the tumor. This environment is characterized by dense tissue creating a barrier around the tumor that inhibits blood vessel formation and blocks immune infiltration.

"Drug delivery is a huge challenge due to the architecture of these difficult-to-treat tumors' microenvironment," says Prabhani Atukorale, assistant professor of biomedical engineering at UMass Amherst and one of the corresponding authors of the paper. She adds that the environment also blocks the activation of the body's immune cells and their penetration into the tumor.

"Pancreas cancer, unfortunately, doesn't respond to most conventional therapies like chemotherapy, or even immunotherapy, which has revolutionized a lot of cancer therapy in the last 10 years," says Marcus Ruscetti, assistant professor of molecular, cell and cancer biology at UMass Chan Medical School, and the other corresponding author.

Ruscetti's previous research demonstrated that two cancer drugs (MEK inhibitor trametinib and CDK4/6 inhibitor palbociclib, or T/P) can promote blood vessel development, enabling greater T cell (as well as chemotherapy) delivery into the tumor. However, the cancer "tricks" the immune system into thinking that the tumor is just a regular, healthy clump of cells. Since the T cells aren't activated, simply having more of them present won't clear the cancer.

Here's where the researchers want to implement a trick of their own. The first pathway is called the stimulator of interferon genes (STING) pathway. STING recognizes viral infections in the body. "If we can trick the immune system into thinking that there is a viral-type infection, then we harness a very robust anti-tumor immune response to bring in for tumor immunotherapy," Atukorale explains.




The researchers also wanted to activate the TRL4 pathway because it boosts the effects of STING activation. They use agonists, which are any chemicals that can trigger a biological response; in this case, in immune stimulatory pathways. But getting these immunity-triggering chemicals through the tumor's microenvironment is still a challenge.

The researchers' solution: encapsulating the STING and TRL4 agonists in a novel design of lipid-based nanoparticles. The nanoparticles have several benefits. First, the research demonstrated that they are highly effective at delivering the agonists into the challenging tumor microenvironment.

The design also allows both of the agonists to be packaged together -- a challenge since these two mix as well as oil and water. "It ensures that they are carried within the blood circulation together, they reach the same target cell together and are taken up together by the same target cell," says Atukorale.

"We're using biocompatible, lipid-based materials to encapsulate drugs that functionally work together, but don't like to be next to each other, and then we are able to use engineering capabilities to build in various functionalities to direct them where they need to go," she says.

The synergistic effect of the two agonists plus the T/P therapy proved effective: eight out of nine of the mice saw tumor necrosis and shrinkage. "And we had two mice that had complete responses, meaning the tumors completely went away, which is pretty striking," says Ruscetti. "We've never seen that in this model before."

There is still work to be done because the tumors returned after the mice were taken off of the treatment, but Ruscetti says it is still a very encouraging step toward a cure.

"If you go beyond pancreas cancer to other cancer types, you need a combination therapy to target the tumor and to target the immune system," he adds. "This is a strategy to be able to do that." Treatments for cancers like PDAC that could be derived from this study include mutations of colon cancer, lung cancer, liver cancer and cholangiocarcinoma (cancer of the bile ducts).

Prabhani adds that the modular nature of this design allows for therapies that can be easily personalized for patients. "It's sort of plug and play," she says. "We can tailor the agonist ratios, the drug combinations, the targeting molecules, but keeping essentially the same platform. This is what will make it hopefully translational, but also tunable on a per patient basis, because many of these cancer therapies need to be personalized."

Finally, she nods to the power of collaboration between the two UMass institutions, saying, "This type of system is easily built when you have complementary, but multidisciplinary and cross-disciplinary, expertise."
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Research cracks the autism code, making the neurodivergent brain visible | ScienceDaily
A multi-university research team co-led by University of Virginia engineering professor Gustavo K. Rohde has developed a system that can spot genetic markers of autism in brain images with 89 to 95% accuracy.


						
Their findings suggest doctors may one day see, classify and treat autism and related neurological conditions with this method, without having to rely on, or wait for, behavioral cues. And that means this truly personalized medicine could result in earlier interventions.

"Autism is traditionally diagnosed behaviorally but has a strong genetic basis. A genetics-first approach could transform understanding and treatment of autism," the researchers wrote in a paper published June 12 in the journal Science Advances.

Rohde, a professor of biomedical and electrical and computer engineering, collaborated with researchers from the University of California San Franscisco and the Johns Hopkins University School of Medicine, including Shinjini Kundu, Rohde's former Ph.D. student and first author of the paper.

While working in Rohde's lab, Kundu -- now a physician at the Johns Hopkins Hospital -- helped develop a generative computer modeling technique called transport-based morphometry, or TBM, which is at the heart of the team's approach.

Using a novel mathematical modeling technique, their system reveals brain structure patterns that predict variations in certain regions of the individual's genetic code -- a phenomenon called "copy number variations," in which segments of the code are deleted or duplicated. These variations are linked to autism.

TBM allows the researchers to distinguish normal biological variations in brain structure from those associated with the deletions or duplications.




"Some copy number variations are known to be associated with autism, but their link to brain morphology -- in other words, how different types of brain tissues such as gray or white matter, are arranged in our brain -- is not well known," Rohde said. "Finding out how CNV relates to brain tissue morphology is an important first step in understanding autism's biological basis."

How TBM Cracks the Code

Transport-based morphometry is different from other machine learning image analysis models because the mathematical models are based on mass transport -- the movement of molecules such as proteins, nutrients and gases in and out of cells and tissues. "Morphometry" refers to measuring and quantifying the biological forms created by these processes.

Most machine learning methods, Rohde said, have little or no relation to the biophysical processes that generated the data. They rely instead on recognizing patterns to identify anomalies.

But Rohde's approach uses mathematical equations to extract the mass transport information from medical images, creating new images for visualization and further analysis.

Then, using a different set of mathematical methods, the system parses information associated with autism-linked CNV variations from other "normal" genetic variations that do not lead to disease or neurological disorders -- what the researchers call "confounding sources of variability."

These sources previously prevented researchers from understanding the "gene-brain-behavior" relationship, effectively limiting care providers to behavior-based diagnoses and treatments.




According to Forbes magazine, 90% of medical data is in the form of imaging, which we don't have the means to unlock. Rohde believes TBM is the skeleton key.

"As such, major discoveries from such vast amounts of data may lie ahead if we utilize more appropriate mathematical models to extract such information."

The researchers used data from participants in the Simons Variation in Individuals Project, a group of subjects with the autism-linked genetic variation.

Control-set subjects were recruited from other clinical settings and matched for age, sex, handedness and non-verbal IQ while excluding those with related neurological disorders or family histories.

"We hope that the findings, the ability to identify localized changes in brain morphology linked to copy number variations, could point to brain regions and eventually mechanisms that can be leveraged for therapies," Rohde said.

Publication

Discovering the gene-brain-behavior link in autism via generative machine learning was published June 12, 2024, in Science Advances.

Additional co-authors are Haris Sair of the Johns Hopkins School of Medicine and Elliott H. Sherr and Pratik Mukherjee of the University of California San Francisco's Department of Radiology.

The research received funding from the National Science Foundation, National Institutes of Health, Radiological Society of North America and the Simons Variation in Individuals Foundation.
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Discovery of how blood clots harm brain and body in COVID-19 points to new therapy | ScienceDaily
In a study that reshapes what we know about COVID-19 and its most perplexing symptoms, scientists have discovered that the blood coagulation protein fibrin causes the unusual clotting and inflammation that have become hallmarks of the disease, while also suppressing the body's ability to clear the virus.


						
Importantly, the team also identified a new antibody therapy to combat all of these deleterious effects.

Published in Nature, the study by Gladstone Institutes and collaborators overturns the prevailing theory that blood clotting is merely a consequence of inflammation in COVID-19. Through experiments in the lab and with mice, the researchers show that blood clotting is instead a primary effect, driving other problems -- including toxic inflammation, impaired viral clearance, and neurological symptoms prevalent in those with COVID-19 and long COVID.

The trigger is fibrin, a protein in the blood that normally enables healthy blood coagulation, but has previously been shown to have toxic inflammatory effects. In the new study, scientists found that fibrin becomes even more toxic in COVID-19 as it binds to both the virus and immune cells, creating unusual clots that lead to inflammation, fibrosis, and loss of neurons.

"Knowing that fibrin is the instigator of inflammation and neurological symptoms, we can build a new path forward for treating the disease at the root," says Katerina Akassoglou, PhD, a senior investigator at Gladstone and the director of the Center for Neurovascular Brain Immunology at Gladstone and UC San Francisco. "In our experiments in mice, neutralizing blood toxicity with fibrin antibody therapy can protect the brain and body after COVID infection."

From the earliest months of the pandemic, irregular blood clotting and stroke emerged as puzzling effects of COVID-19, even among patients who were otherwise asymptomatic. Later, as long COVID became a major public health issue, the stakes grew even higher to understand the cause of this disease's other symptoms, including its neurological effects. More than 400 million people worldwide have had long COVID since the start of the pandemic, with an estimated economic cost of about $1 trillion each year.

Flipping the Conversation

Many scientists and medical professionals have hypothesized that inflammation from the immune system's rapid reaction to the COVID-causing virus is what leads to blood clotting and stroke. But even at the dawn of the pandemic in 2020, that explanation didn't sound right to Akassoglou and her scientific collaborators.




"We know of many other viruses that unleash a similar cytokine storm in response to infection, but without causing blood clotting activity like we see with COVID," says Warner Greene, MD, PhD, senior investigator and director emeritus at Gladstone, who co-led the study with Akassoglou.

"We began to wonder if blood clots played a principal role in COVID -- if this virus evolved in a way to hijack clotting for its own benefit," Akassoglou adds.

Indeed, through multiple experiments in mice, the researchers found that the virus spike protein directly binds to fibrin, causing structurally abnormal blood clots with enhanced inflammatory activity. The team leveraged genetic tools to create a specific mutation that blocks only the inflammatory properties of fibrin without affecting the protein's beneficial blood-clotting abilities.

When mice were genetically altered to carry the mutant fibrin or had no fibrin in their bloodstream, the scientists found that inflammation, oxidative stress, fibrosis, and clotting in the lungs didn't occur or were much reduced after COVID-19 infection.

In addition to discovering that fibrin sets off inflammation, the team made another important discovery: fibrin also suppresses the body's "natural killer," or NK, cells, which normally work to clear the virus from the body. Remarkably, when the scientists depleted fibrin in the mice, NK cells were able to clear the virus.

These findings support that fibrin is necessary for the virus to harm the body.




Mechanism Not Triggered by Vaccines

The fibrin mechanism described in the paper is not related to the extremely rare thrombotic complication with low platelets that has been linked to adenoviral DNA COVID-19 vaccines, which are no longer available in the U.S.

By contrast, in a study of 99 million COVID-vaccinated individuals led by The Global COVID Vaccine Safety Project, vaccines that leverage mRNA technology to produce spike proteins in the body exhibited no excessive clotting or blood-based disorders that met the threshold for safety concerns. Instead, mRNA vaccines protect from clotting complications otherwise induced by infection.

Protecting the Brain

Akassoglou's lab has long investigated how fibrin that leaks into the brain triggers neurologic diseases, such as Alzheimer's disease and multiple sclerosis, essentially by hijacking the brain's immune system and setting off a cascade of harmful, often irreversible, effects.

The team now showed that in COVID-infected mice, fibrin is responsible for the harmful activation of microglia, the brain's immune cells involved in neurodegeneration. After infection, the scientists found fibrin together with toxic microglia and when they inhibited fibrin, the activation of these toxic cells in the brains of mice was significantly reduced.

"Fibrin that leaks into the brain may be the culprit for COVID-19 and long COVID patients with neurologic symptoms, including brain fog and difficulty concentrating," Akassoglou says. "Inhibiting fibrin protects neurons from harmful inflammation after COVID-19 infection."

The team tested its approach on different strains of the virus that causes COVID-19, including those that can infect the brain and those that do not. Neutralizing fibrin was beneficial in both types of infection, pointing to the harmful role of fibrin in brain and body in COVID-19 and highlighting the broad implications of this study.

A New Potential Therapy

This study demonstrates that fibrin is damaging in at least two ways: by activating a chronic form of inflammation and by suppressing a beneficial NK cell response capable of clearing virally infected cells.

"We realized if we could neutralize both of these negative effects, we could potentially resolve the severe symptoms we're seeing in patients with COVID-19 and possibly long COVID," Greene says.

Akassoglou's lab previously developed a drug, a therapeutic monoclonal antibody, that acts only on fibrin's inflammatory properties without adverse effects on blood coagulation and protects mice from multiple sclerosis and Alzheimer's disease.

In the new study, the team showed that the antibody blocked the interaction of fibrin with immune cells and the virus. By administering the immunotherapy to infected mice, the team was able to prevent and treat severe inflammation, reduce fibrosis and viral proteins in the lungs, and improve survival rates. In the brain, the fibrin antibody therapy reduced harmful inflammation and increased survival of neurons in mice after infection.

A humanized version of Akassoglou's first-in-class fibrin-targeting immunotherapy is already in Phase 1 safety and tolerability clinical trials in healthy people by Therini Bio. The drug cannot be used on patients until it completes this Phase 1 safety evaluation, and then would need to be tested in more advanced trials for COVID-19 and long COVID.

Looking ahead to such trials, Akassoglou says patients could be selected based on levels of fibrin products in their blood -- a measure believed to be a predictive biomarker of cognitive impairment in long COVID.

"The fibrin immunotherapy can be tested as part of a multipronged approach, along with prevention and vaccination, to reduce adverse health outcomes from long COVID," Greene adds.

The Power of Team Science

The study's findings intersect the scientific areas of immunology, hematology, virology, neuroscience, and drug discovery -- and required many labs across institutions to work together to execute experiments required to solve the blood-clotting mystery. Akassoglou founded the Center for Neurovascular Brain Immunology at Gladstone and UCSF in 2021 specifically for the purpose of conducting multidisciplinary, collaborative studies that address complex problems.

"I don't think any single lab could have accomplished this on their own," says Melanie Ott, MD, PhD, director of the Gladstone Institute of Virology and co-author of the study, noting important contributions from teams at Stanford, UC San Francisco, UC San Diego, and UCLA. "This tour-de-force study highlights the importance of collaboration in tackling these big questions."

Not only did this study address a big question, but it did so in a way that paves a clear clinical path for helping patients who have few options today, says Lennart Mucke, MD, director of the Gladstone Institute of Neurological Disease.

"Neurological symptoms of COVID-19 and long COVID can touch every part of a person's life, affecting cognitive function, memory, and even emotional health," Mucke says. "This study presents a novel strategy for treating these devastating effects and addressing the long-term disease burden of the SARS-CoV-2 virus."
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Breaking open the AI black box, team finds key chemistry for solar energy and beyond | ScienceDaily
Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the "AI black box." By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers at the University of Illinois Urbana-Champaign has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.


						
The result produced light-harvesting molecules four times more stable than the starting point, as well as crucial new insights into what makes them stable -- a chemical question that has stymied materials development.

The interdisciplinary team of researchers was co-led by U. of I. chemistry professor Martin Burke, chemical and biomolecular engineering professor Ying Diao, chemistry professor Nicholas Jackson and materials science and engineering professor Charles Schroeder, in collaboration with along with University of Toronto chemistry professor Alan Aspuru-Guzik. They published their results in the journal Nature.

"New AI tools have incredible power. But if you try to open the hood and understand what they're doing, you're usually left with nothing of use," Jackson said. "For chemistry, this can be very frustrating. AI can help us optimize a molecule, but it can't tell us why that's the optimum -- what are the important properties, structures and functions? Through our process, we identified what gives these molecules greater photostability. We turned the AI black box into a transparent glass globe."

The researchers were motivated by the question of how to improve organic solar cells, which are based on thin, flexible materials, as opposed to the rigid, heavy, silicon-based panels that now dot rooftops and fields.

"What has been hindering commercialization of organic photovoltaics is problems with stability. High-performance materials degrade when exposed to light, which is not what you want in a solar cell," said Diao. "They can be made and installed in ways not possible with silicon and can convert heat and infrared light to energy as well, but the stability has been a problem since the 1980s."

The Illinois method, called "closed-loop transfer," begins with an AI-guided optimization protocol called closed-loop experimentation. The researchers asked the AI to optimize the photostability of light-harvesting molecules, Schroeder said. The AI algorithm provided suggestions about what kinds of chemicals to synthesize and explore in multiple rounds of closed-loop synthesis and experimental characterization. After each round, the new data were incorporated back into the model, which then provided improved suggestions, with each round moving closer to the desired outcome.




The researchers produced 30 new chemical candidates over five rounds of closed-loop experimentation, thanks to building block-like chemistry and automated synthesis pioneered by Burke's group. The work was done at the Molecule Maker Lab housed in the Beckman Institute for Advanced Science and Technology at the U. of I.

"The modular chemistry approach beautifully complements the closed-loop experiment. The AI algorithm requests new data with maximized learning potential, and the automated molecule synthesis platform can generate the new required compounds very quickly. Those compounds are then tested, the data goes back into the model, and the model gets smarter -- again and again," said Burke, who also is a professor in the Carle Illinois College of Medicine. "Until now, we've been largely focused on structure. Our automated modular synthesis now has graduated to the realm of exploring function."

Instead of simply ending the query with the final products singled out by the AI, as in a typical AI-led campaign, the closed-loop transfer process further sought to uncover the hidden rules that made the new molecules more stable.

As the closed-loop experiment ran, another set of algorithms was continuously looking at the molecules made, developing models of chemical features predictive of stability in light, Jackson said. Once the experiment concluded, the models provided new lab-testable hypotheses.

"We're using AI to generate hypotheses that we can validate to then spark new human-driven campaigns of discovery," Jackson said. "Now that we have some physical descriptors of what makes molecules photostable, that makes the screening process for new chemical candidates dramatically simpler than blindly searching around chemical space."

To test their hypothesis about photostability, the researchers investigated three structurally different light-harvesting molecules with the chemical property they identified -- a particular high-energy region -- and confirmed that choosing the proper solvents made the molecules up to four times more light-stable.

"This is a proof of principle for what can be done. We're confident we can address other material systems, and the possibilities are only limited by our imagination. Eventually, we envision an interface where researchers can input a chemical function they want and the AI will generate hypotheses to test," Schroeder said. "This work could only happen with a multidisciplinary team, and the people, resources and facilities we have at Illinois, and our collaborator in Toronto. Five groups came together to generate new scientific insight that would not have been possible with any one of the sub teams working in isolation."

This work was supported by the Molecule Maker Lab Institute, an AI Research Institutes program supported by the U.S. National Science Foundation under grant no. 2019897 .
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Robotic arm can be used to perform remote echocardiograms, study shows | ScienceDaily
New research presented at this year's ESC Congress 2024 in London, UK (30 Aug -- 2 Sept) shows that performing echocardiograms remotely using a 5G cellular network has similar accuracy to those performed in person by cardiologists.


						
"Comprehensive echocardiographic exam with a 5G cellular network and robotic arm-based remote system is feasible with relatively good diagnostic accuracy," said study author Dr Yu Liu, Zhongshan Hospital, Shanghai, China.

Echocardiography is the test-of-choice for the initial evaluation of many cardiac diseases and requires the expertise of a cardiologist for interpretation. However, this expertise is often limited or unavailable in rural or indeed smaller urban areas. Robotic arm-assisted remote echocardiograms have been attempted for teleconsultation in previous studies, but analysis was limited to heart failure patients, primarily due to the network delay in telecommunications and the subsequent inadequate control of the robotic arm equipment.

In this study, the authors assessed the feasibility and diagnostic accuracy of a 5G cellular network and robotic arm-based remote echocardiographic system in an outpatient clinic based 20 kilometres away from Zhongshan Hospital. A total of 51 patients were enrolled from the outpatient cardiology clinic. All underwent standard comprehensive echocardiography on a 5G cellular network robotic arm-based remote echocardiographic system, as well as a conventional echocardiographic platform (at Zhongshan Hospital) successively.

The order in which patients were examined on the remote and conventional instruments was randomly determined. There was no interval between the two examinations, and examinations of the same patient were performed by experienced but different cardiologists, who were blinded to each other's diagnosis. The doctor who used the remote system was also randomly allocated and had not been previously specifically trained. The examinations were real time and diagnoses were made immediately after the examinations.

From the 51 patients, the image quality was sufficient for diagnosis in 50 patients (24 (48%) female). A single patient was excluded because some key views could not be obtained using the remote system, meaning 98% of the examinations had been technically successful.

Around one third (17 patients) had a heart problem identified using conventional in person echocardiography, including 10 with a primary diagnosis of valvulopathy (1 Barlow's syndrome, 1 bicuspid aortic valve and 8 less-than-moderate regurgitation), 2 cardiac surgery follow-ups (1 case of aortic valve replacement and septal myectomy, and 1 case of mitral valve replacement and tricuspid annuloplasty), and 2 hypertrophy cardiomyopathy (including 1 case of obstruction at papillary muscle level), 2 with abnormal left ventricular wall motion (including 1 case of apical mural thrombus), and 1 with congenital heart disease (secumdum atrial septal defect).




Echocardiograms using the robotic arm resulted in the same diagnosis as conventional in-person echocardiography in 98% of cases (papillary muscle level obstruction was missed in one case).

Time for image acquisition using remote echocardiography was significantly longer (around 50% longer) than conventional (24 mins 36 secs vs. 16 mins 15 secs).

A previous version of the robotic arm has been cleared for clinical use in scanning the abdomen (China, Europe, Australia and Singapore), which requires less complex scanning manoeuvres. However, the authors say a multi-centre study at a larger scale with both other local hospital and referral centres involved should be carried out before this new technology should be used.

Although 5G technology is not available everywhere, lead-author Xianhong Shu, also of Zhongshan Hospital, said: "This system would increase the accessibility of better medical resources as patients may travel less to get diagnosis and medical advice from cardiologists based in referral centres."

She adds there are further potential advantages: "A remote robotic echo system may help protect more health professionals from the risk of exposure during pandemics like the COVID-19 as the cardiologist may not need to be in close contact with the patient if only echocardiogram consultation is required."
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Moths may use disco gene to regulate day/night cycles | ScienceDaily
How does one species become two? If you're a biologist, that's a loaded question. The consensus is that, in most cases, the process of speciation occurs when individuals from a single population become geographically isolated. If they remain separate long enough, they lose the ability to interbreed.


						
A new study published in the journal Proceedings of the Royal Society B: Biological Sciences demonstrates what happens when a less common form of speciation occurs. Rather than being separated by a physical barrier, such as a mountain range or an ocean, members of a species can become separated in time.

The researchers focused on two closely related moth species with overlapping ranges in the southeastern United States.

"These two are very similar," said lead author Yash Sondhi, who conducted research for the study while working at Florida International University and later at the Florida Museum of Natural History. "They've differentiated along this one axis, which is when they fly."

Rosy maple moths, in the genus Dryocampa, look like what you'd get if Roald Dahl painted something from a fever dream. They bear a thick lion's mane above their head and abdomen, and their vibrant scales are the color of strawberry and banana taffy. Both male and female rosy moths fly exclusively at night.

Pink-striped oakworm moths, in the genus Anisota, are less flashy, with subtle grades of ochre, umber and marl. While females of this species are active at dusk and early evening, the males prefer to fly during the day.

Sondhi knew from previous research that these two groups, Dryocampa and Anisota, originated from a single species approximately 3.8 million years ago, which is relatively recent on evolutionary time scales. There's a handful of species in the genus Anisota, all of which are active during the day. The nocturnal rosy maple moths are the only species in the genus Dryocampa.




Sondhi specializes in the biology of insect vision and saw the moth pair as the perfect opportunity to explore how vision evolves when a species switches up its pattern of activity.

But things didn't go as planned.

"I went in looking for differences in color vision. Instead, we found differences in their clock genes, which in hindsight makes sense," Sondhi said.

Clock genes control the circadian rhythm of plants and animals. The ebb and flow of the proteins they create causes cells to become either active or dormant over a period of roughly 24 hours. They affect everything from metabolism and cell growth to blood pressure and body temperature.

For any organism reversing its pattern of activity, clock genes are virtually guaranteed to be involved. "It's a system that's been retained in everything from fruit flies to mammals and plants. They all have some kind of time-keeping mechanism," he said.

Sondhi compared the transcriptomes of the two moths. Unlike genomes, which contain the entirety of an organism's DNA, transcriptomes contain only the subset of genetic material that is being actively used to make proteins. This makes them useful for exploring differences in protein levels throughout the day.




As expected, Sondhi found a number of genes that were expressed in different quantities in the two moth species. Nocturnal rosy maple moths invested more energy in their sense of smell, whereas the day-flying oakworm moth produced more genes associated with vision.

There were, however, no differences in the genes that confer the ability to see color. That doesn't necessarily mean that their color vision is identical, but if differences do exist, they are likely at the level of tuning and sensitivity and not in the structure of the genes themselves.

There was an additional gene that stood out. Disconnected, or disco, was expressed at different levels during the day and night in both species. In fruit flies, disco is known to indirectly influence circadian rhythms through the production of neurons that transmit clock enzymes from the brain to the body.

The disco gene Sondhi found in his moth samples was twice the size of its fruit fly counterpart, and it had additional zinc fingers -- active portions of a gene that directly interacts with DNA, RNA and proteins. It seemed likely that changes in the disco gene were at least partially responsible for the switch to night-flying in rosy maple moths.

When he compared the disco gene of rosy maple moths with the one in oakworms, he found 23 mutations that made each distinct from the other. The mutations were also located in active portions of the gene, meaning they likely contribute to observable physical differences between the moths. Sondhi was looking at evolution in action.

"If this is functionally confirmed, this is a really concrete example of the mechanism behind how they speciated at the molecular level, which is rare to come by," he said.

The study is also an important push for a better understanding of the various ways in which life sustains and propagates itself. When genetics first became a field of study, researchers focused most their efforts on a few representative species, such as fruit flies or lab mice. This was done primarily for the sake of expediency, but it limits how much we know about broad biological patterns. Just as a human is not a lab mouse, a moth is not a fruit fly.

"As species continue to decline due to climate change and other anthropogenic changes, we'll need to genetically engineer a greater number of the ones that remain to enable drought tolerance, for example, or to be active in light polluted regimes. To do that consistently, having a broader pool of functionally characterized genes across organisms is crucial. We can't just use Drosophila," Sondhi said.
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Pollution affect the growth and behavior of aquatic organisms | ScienceDaily
The latest research at the University of Jyvaskyla, Finland, reveals that size-based selection, like in fishing, may impact the stress tolerance of fish, which in turn has a significant impact on the condition and coping of fish in changing environments. The study proved that long-term exposure to manganese sulphate (MnSO4), which is a common aquatic pollutant from mining, hampers the growth and alters behaviour of zebra fish.


						
As we know, fishing is focused on middle-sized and large individuals through lower limit and fishing equipment restrictions, which often favours a fast life-cycle in target species. JYU researchers found that zebra fish with different life-history traits react differently to chronic exposure to manganese sulphate (MnSO4).

"In our research," explains Academy Research Fellow Silva Uusi-Heikkila from the University of Jyvaskyla, "we concentrated on two life-history types: fast-growing fish characterised by rapid juvenile growth, early maturation, and smaller size, versus slowly growing fish characterised by slower juvenile growth, later maturation and greater size."

Considering fish life-history types in conservation 

The findings show that MnSO4 exposure slows down the growth of zebra fish and lowers their condition factor, which is an indicator of well-being. However, the scope of impacts varies by life-history types. Fish with the fast life-history strategy were more sensitive to MnSO4, as they grew more slowly when exposed to high concentrations. In addition, they had a lower condition factor, and they ate less than their conspecifics with a slow life-history strategy.

"Our findings show that manganese sulphate may deteriorate the growth and stress coping of fish, and that variation in life-history traits may play a crucial role in modifying the stress tolerance of individuals," Uusi-Heikkila says. "This study underlines that it is important to take population life-history traits into account in environmental risk assessments and protection strategies and also to consider the combined effects of fishing and environmental factors on fish populations."

Additional information for the review of emissions and environmental effects 

The study provides valuable information on how pollutants like manganese sulphate ending up in the aquatic environment can affect aquatic organisms in various ways based on their life-history strategies.

"These findings have significant effects when we wish to get insight into the viability and adaptability of fish populations in polluted habitats," Uusi-Heikkila states.

The study was conducted as part of research funding by the Emil Aaltonen Foundation granted to Professor Anna Kuparinen and her research team.
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Protect your teeth with fruit: antimicrobial effects found in biomass compounds | ScienceDaily
Periodontal disease is an inflammatory disease caused by a periodontal pathogenic bacteria infection that affects oral and internal health. Good oral care is essential for prevention, but most over-the-counter oral hygiene products are disinfectants that can be highly irritating. This makes them unsuitable for use by young children and the elderly, who are susceptible to periodontal disease.


						
To find an antibacterial that is easy to use and effective in preventing periodontal disease at all ages, Professor Shigeki Kamitani of Osaka Metropolitan University's Graduate School of Human Life and Ecology led a research team in verifying the antibacterial effect of seven different compounds. Prunin laurate (Pru-C12) and its analogs were tested against the periodontal pathogenic bacteria, Porphyromonas gingivalis.

The results showed that while several of the compounds inhibited bacterial growth, Pru-C12, which can be derived from biomass such as that of citrus plants and coconut-derived components, had the highest antimicrobial effect.

"Pru-C12 is tasteless and hypoallergenic," Professor Kamitani stated. "If its safety in humans is confirmed in the future, it could be an inexpensive antimicrobial solution."
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Listen up: New insights into little penguins' sensitivity to noise | ScienceDaily
Curtin University researchers have used state-of-the-art imaging technology to shed light on the hearing sensitivity of Australian Little Penguins and the danger of marine noise pollution.


						
Supported by the Western Australian Marine Science Institution's Westport program, the study is the first to detail how Little Penguins, also known as fairy penguins, perceive sound both in air and under water.

Study lead Dr Chong Wei, from Curtin's Centre for Marine Science and Technology, said Little Penguins are particularly vulnerable to human-made noise as their habitats often overlap with shipping lanes, recreational activities and coastal developments.

"Ocean noise pollution is steadily increasing and this is particularly concerning for Little Penguins whose populations are significantly declining," Dr Wei said.

"We know very little about the impact of this noise on penguin hearing. To address this, we created 3D digital models using microCT scans of the heads of three Little Penguins that had died naturally at Garden Island to simulate what they can hear at different frequencies.

"Units of frequency are called hertz (Hz) and these 3D models revealed that Little Penguins can hear sounds across a broad range between 200 and 6,000 Hz under water, similar to other diving birds like the Great Cormorant.

"Vessel noise typically ranges from 20 to 10,000 Hz, as does pile driving."

Co-author John Curtin Distinguished Professor Christine Erbe, from Curtin's Centre for Marine Science and Technology, said the research findings are valuable for marine conservation efforts.




"Continuous exposure to high noise levels from passing vessels and near-shore construction might increase stress and interfere with Little Penguin behaviours such as feeding," Professor Erbe said.

"Understanding their hearing range helps us identify potentially harmful noise frequencies and the results can inform management plans aimed at reducing the impact of noise pollution."

The research titled "Sound reception and hearing capabilities in the Little Penguin (Eudyptula minor): first predicted in-air and underwater audiograms" has been published in the journal Royal Society Open Science and can be found here.
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Bats are surviving and thriving on nothing but sugar | ScienceDaily
Humans must regulate blood sugar concentrations to stay healthy and to fuel our cells. Too little or too much can cause serious health complications, and high blood sugar is a hallmark of the metabolic condition, diabetes. New research from the Stowers Institute for Medical Research may enable potential solutions to metabolic disease by turning to evolution and to bats.


						
Recently published in Nature Ecology and Evolution on August 28, 2024, the study led by co-first authors Postdoctoral Research Associate Jasmin Camacho, Ph.D., and former Stowers researcher Andrea Bernal-Rivera from the lab of Stowers Associate Investigator Nicolas Rohner, Ph.D., reports the highest naturally occurring blood sugar concentrations in mammals ever observed, a finding that suggests bats have evolved strategies to survive, and even thrive, with this extreme trait.

"Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats," said Camacho. "We are seeing a new trait we didn't know was possible."

Thirty million years ago, the Neotropical leaf-nosed bat survived solely on insects. Since then, these bats have diversified into many different species by changing what they eat. From insects, different lineages now specialize on diets ranging from fruits, nectar, meat, and everything in between -- even just blood.

"Looking to animals that have existed for millions of years allows us to start to catalog changes that have happened over evolution," said Camacho. "What makes Neotropical leaf-nosed bats so unique to study is that this group is comprised of many different species with very diverse diets, making it feasible to find answers about how diet evolves. The hope is that we can extend this understanding to other mammals, including humans, where there may be ways to learn how to better protect our own health."

To uncover how bats diversified their diets, the team traveled to the jungles of Central America, South America, and the Caribbean to conduct fieldwork over several years. These catch-and-release expeditions were focused on performing glucose tolerance tests -- measuring the concentration of sugar in blood -- on nearly 200 wild-caught bats across 29 species after a single feeding of one of three types of sugars associated with diets of insects, fruits, or nectar.

"We saw various ways sugar is assimilated -- absorbed, stored and used in the body -- and how this process has become specialized due to different diets," said Bernal-Rivera.




The mechanism for maintaining blood sugar levels within a narrow, healthy range is called glucose homeostasis, which is typically regulated by the hormone insulin and is what goes awry in diabetes. Different species of leaf-nosed bats reveal a spectrum of adaptations to glucose homeostasis, ranging from changes in intestinal anatomy to genetic alterations for proteins that transport sugar from blood to cells.

"Fruit bats have honed their insulin signaling pathway to lower blood sugar," said Camacho. "On the other extreme, nectar bats can tolerate high blood glucose levels, similar to what is observed in people with unregulated diabetes. They have evolved a different mechanism, and it does not seem to depend on insulin."

Although precisely how nectar bats are managing glucose is still under investigation, the researchers found potential clues for alternative metabolic strategies for glucose regulation. Bats with sugar-rich diets were observed to have longer portions of their intestines and to have intestinal cells with greater surface areas for absorbing nutrients from food, compared to bats with other diets. In addition, nectar bats, unique from fruit bats, have a continual expression of a gene responsible for sugar transport, a trait also observed in a species of hummingbird.

"This study establishes extremely important resources for the field," said Nadav Ahituv, Ph.D., a bioengineering and genetics professor at the University of California, San Francisco. "It provides not only metabolic characteristics of various bat species with different diets, but also their intestinal morphology, and candidate genomic regions and protein structural differences that could be driving dietary adaptations."

"The datasets will fuel future research that aims to differentiate mammalian dietary differences and could progress the development of novel therapeutics for a variety of metabolic diseases in humans," said Ahituv.

Additional authors include Valentina Pena, Sofia Robb, Ph.D., Jonathon Russell, Kexi Yi, Ph.D., Yongfu Wang, Ph.D., Dai Tsuchiya, Ph.D., and Oscar Murillo-Garcia, Ph.D. 

This work was supported by the National Science Foundation's Postdoctoral Research Fellowships in Biology (award: 2109717), the Burroughs Wellcome Fund Postdoctoral Diversity Enrichment Program (award: G-1022339), the Howard Hughes Medical Institute Hanna H. Gray Fellows Program (award: GT15991), and by institutional support from the Stowers Institute for Medical Research. A portion of fieldwork performed for this study was supported by Contribucion a la conservacion del Bosque seco Tropical del Valle del Cauca (CVC permit: 1122) from the Institute for Research and Preservation of the Cultural and Natural Heritage of Valle del Cauca. 
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Study finds limits to storing CO2 underground to combat climate change | ScienceDaily
Imperial research has found limits to how quickly we can scale up technology to store gigatonnes of carbon dioxide under the Earth's surface.


						
Current international scenarios for limiting global warming to less than 1.5 degrees by the end of the century rely on technologies that remove carbon dioxide (CO2) from the Earth's atmosphere faster than humans release it. This means removing CO2 at a rate of 1-30 gigatonnes per year by 2050.

However, estimates for the speed at which these technologies can be deployed have been highly speculative. Now, findings from a new study led by Imperial College London researchers show that existing projections are unlikely to be feasible at the current rate of growth.

The study found that it might be possible by 2050 to store up to 16 gigatonnes of CO2 underground each year. However, reaching this target would require a huge increase in storage capacity and scaling over the coming decades, which is not anticipated given the current pace of investment, development and deployment.

With the UK Government aiming to position Britain as a clean energy superpower and scale up and invest in carbon capture and storage, the study underscores the importance of aligning ambitious initiatives with realistic objectives for how quickly CO2 can be safely stored underground.

The results are published today in Nature Communications.

Realistic goals

The team from Imperial's Department of Earth Science and Engineering created models showing how quickly carbon storage systems can be developed and deployed, accounting for the availability of suitable geology, and technical and economic limitations to growth.




While the results suggest it is possible to reduce CO2 emissions at a huge scale, they also suggest that the path to achieving this and the contribution from key regions might differ from what current models project, including those from Intergovernmental Panel on Climate Change (IPCC) reports.

Lead author Yuting Zhang, from Imperial's Department of Earth Science and Engineering, said: "There are many factors at play in these projections, including the speed at which reservoirs can be filled as well as other geological, geographical, economic, technological, and political issues. However, more accurate models like the ones we have developed will help us understand how uncertainty in storage capacity, variations in institutional capacity across regions, and limitations to development might affect climate plans and targets set by policymakers."

Co-author Dr Samuel Krevor, also from Imperial's Department of Earth Science and Engineering, said: "Although storing between six to 16 gigatonnes of CO2 per year to tackle climate change is technically possible, these high projections are much more uncertain than lower ones. This is because there are no existing plans from governments or international agreements to support such a large-scale effort.

"However, it's important to keep in mind that five gigatonnes of carbon going into the ground is still a major contribution to climate change mitigation. Our models provide the tools to update current projections with realistic goals for how and where carbon storage should be developed in the next few decades."

Existing projections unlikely to be feasible

In their analysis, the researchers found that the IPCC included results from integrated assessment models (IAMs) -- tools combining different sources of information to predict how carbon storage methods can impact our climate and economy -- that often overestimate how much CO2 can be stored underground.




In particular, the analysis suggests that projections from IPCC reports for Asian countries including China, Indonesia and South Korea, where current development is low, assumed unrealistic rates of deployment -- which means existing projections are unlikely and unreliable.

Co-author Professor Christopher Jackson, also from Imperial's Department of Earth Science and Engineering, said: "While integrated assessment models play an important role in helping climate policymakers make decisions, some of the assumptions they make when it comes to storing large amounts of carbon underground appear unrealistic."

Global benchmark

The team's calculations suggest that a more realistic global benchmark is in the range of 5-6 gigatonnes of storage per year by 2050. This estimate aligns with how existing, similar technologies have been scaled up over time.

Their modelling approach uses growth patterns observed in real-world data from different industries, including mining and renewable energy. By looking at how these industries have grown in the past, and combining existing amounts of stored CO2 with a flexible framework to explore different scenarios, the new approach offers a reliable way to make attainable, long-term projections for underground CO2 storage and could be a valuable tool for policymakers.

Dr Krevor said: "Our study is the first to apply growth patterns from established industries to CO2 storage. Existing predictions rely on speculative assumptions, but by using historical data and trends from other sectors within the industry, our new model offers a more realistic and practical approach for predicting how quickly carbon storage can be scaled up -- helping us set more attainable targets."

This study was funded by Engineering & Physical Sciences Research Council (EPSRC, part of UK Research and Innovation, UKRI) and the Royal Academy of Engineering.
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Pain identified as dominant symptom in long COVID | ScienceDaily
Pain may be the most prevalent and severe symptom reported by individuals with long Covid, according to a new study led by UCL (University College London) researchers.


						
The study, published in JRSM Open, analysed data from over 1,000 people in England and Wales who logged their symptoms on an app between November 2020 and March 2022.

Pain, including headache, joint pain and stomach pain, was the most common symptom, reported by 26.5% of participants.

The other most common symptoms were neuropsychological issues such as anxiety and depression (18.4%), fatigue (14.3%), and dyspnoea (shortness of breath) (7.4%). The analysis found that the intensity of symptoms, particularly pain, increased by 3.3% on average each month since initial registration.

The study also examined the impact of demographic factors on the severity of symptoms, revealing significant disparities among different groups. Older individuals were found to experience much higher symptom intensity, with those aged 68-77 reporting 32.8% more severe symptoms, and those aged 78-87 experiencing an 86% increase in symptom intensity compared to the 18-27 age group.

Gender differences were also pronounced, with women reporting 9.2% more intense symptoms, including pain, than men. Ethnicity further influenced symptom severity, as non-white individuals with long Covid reported 23.5% more intense symptoms, including pain, compared to white individuals.

The study also explored the relationship between education levels and symptom severity. Individuals with higher education qualifications (NVQ level 3, 4, and 5 -- equivalent to A-levels or higher education) experienced significantly less severe symptoms, including pain, with reductions of 27.7%, 62.8%, and 44.7% for NVQ levels 3, 4 and 5 respectively, compared to those with lower education levels (NVQ level 1-2 -- equivalent to GCSEs).




Socioeconomic status, as measured by the Index of Multiple Deprivation (IMD), also influenced symptom intensity. Participants from less deprived areas reported less intense symptoms than those from the most deprived areas. However, the number of symptoms did not significantly vary with socioeconomic status, suggesting that while deprivation may exacerbate symptom intensity, it does not necessarily lead to a broader range of symptoms.

Lead author Dr David Sunkersing (UCL Institute of Health Informatics) said: "Our study highlights pain as a predominant self-reported symptom in long Covid, but it also shows how demographic factors appear to play a significant role in symptom severity.

"With ongoing occurrences of Covid-19 (e.g., LB.1, or D-FLiRT variants), the potential for more long Covid cases remains a pressing concern. Our findings can help shape targeted interventions and support strategies for those most at risk."

In the paper, the researchers called for sustained support for long Covid clinics and the development of treatment strategies that prioritise pain management, alongside other prevalent symptoms like neuropsychological issues and fatigue.

Given the significant impact of demographic factors on symptom severity, the study underscored the need for healthcare policies that addressed these disparities, ensuring equitable care for all individuals affected by long Covid, the researchers said.

Study limitations included a lack of information on other health conditions participants may have had and a lack of information about health history. The researchers cautioned that the study may have excluded individuals with very severe Covid and those facing technological or socioeconomic barriers in accessing a smartphone app.

The study was led by the UCL Institute of Health Informatics and the Department of Primary Care and Population Health at UCL in collaboration with the software developer, Living With Ltd.
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In-person contact linked with lower levels of loneliness in older adults | ScienceDaily
In-person contact helps lead to lower levels of loneliness in older people, but other ways of staying in touch, such as phoning, emailing or texting, are not as effective in lowering loneliness, a team of researchers at The University of Texas at Austin and the University of Michigan have found.


						
The findings, out today in the The Journals of Gerontology: Series B Psychological Science, have implications for the health and well-being of many older people.

"We were interested to see how older adults react when they are lonely and the effects that different types of social contact had on that loneliness," said Shiyang Zhang, the paper's co-author and a UT postdoctoral fellow in human development and family sciences. "We found that when older adults feel lonely, they are more likely to pick up the phone and call someone. But in-person visits were the only type of contact that actually decreased levels of reported loneliness."

Scientists have long known that regular social contact is important for mental and physical health and contributes to longevity in older age, while loneliness has been linked with heart disease, cognitive decline and even premature death. Although many older adults face chronic health conditions and mobility issues that may make in-person contact more difficult, the new study suggests that in-person contact is an important component of any widespread effort to address loneliness in older adults.

The study was conducted in the Austin, Texas, area in 2016 and 2017, before the COVID-19 pandemic expanded the use of digital communications for many people and increased levels of isolation for many older people. But even after the pandemic, a sizable proportion of older adults do not own smartphones or use the internet. The study followed more than 300 people over the age of 65 and asked them every three waking hours about levels of loneliness and social contact, including whether that social contact was in person, by phone or digitally, which the researchers defined as texting or connecting via social media.

The study also examined whether the social contact was between people with close or weak social ties. Researchers found that when older adults felt lonely, they were likely to reach out to their close friends and family. It turns out that in-person contact -- even with someone with whom they had only weak ties, such as an acquaintance -- was predictive of lower levels of loneliness better than, say, a phone call with a family member or friend with whom ties were stronger.

"Although phone contact is available at most times and provides older adults with opportunities for social connections when they feel lonely, it appears that phone contact may not be as effective in reducing loneliness as in-person contact," Zhang said. "Phone and digital contact do not provide older adults with the same emotional closeness and comfort as in-person contact. It's just not a substitute."

Karen Fingerman, who holds the Sonia Wolf Wilson Regents Administrative Professorship in Human Ecology in UT's Department of Human Development and Family Sciences, UT graduate student Zexi Zhou and University of Michigan's Kira S. Birditt were also authors of the paper. Funding for the research was provided by the National Institute on Aging, the Center on Aging and Population Sciences at UT, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks | ScienceDaily
Healthcare is undoubtedly crucial for everyone. As individuals age, the risk for health issues and related expenses increases. Consequently, many countries have universal healthcare systems, primarily funded through tax and insurance, to ensure access to essential healthcare services. However, this system is under a heavy fiscal burden since the aging population has increased manyfold, owing to decreasing fertility rates and increasing life span. To sustain the system, governments must face the herculean task of persuading citizens to contribute more to health insurance.


						
In a recent study, a research team consisting of Associate Professor Tomoko Matsumoto and Junior Associate Professor Daiki Kishishita from Tokyo University of Science, Japan, assessed whether informing individuals about the benefits they would personally receive in the future from the healthcare system could lead to successful persuasion. This study was published in the European Journal of Political Economy on 8 August 2024.

Highlighting the rationale behind their study, the authors say, "Aging-related health risks will affect everyone, regardless of socioeconomic groups. However, studies indicate that people are not well-informed about the government's fiscal activities, particularly related to public healthcare systems, and the benefits they offer. So, informing individuals about self-benefits from the healthcare system may increase their political support for higher contributions to healthcare insurance to sustain the system."

Accordingly, researchers developed a two-period overlapping generations model and hypothesized that informing people about future self-benefits may increase their support for paying more for health insurance. However, this support reduces when individuals learn about the system's fiscal unsustainability due to an aging population.

To test these hypotheses, researchers conducted an online survey experiment with 4,367 Japanese respondents, who were mostly below 75 years of age. They were randomly assigned to receive information framed in terms of the future self-benefits (Framing S) or current benefits received by older adults (Framing N). In Framing S, they were again randomly assigned either to the treatment group that received information about future self-benefits or the control group that did not. The treatment group was further divided into those who were informed of the fiscal risks and those who were not. Respondents then rated their support for a 1% increase in health insurance contributions. The same process was followed for Framing N. Lastly, researchers compared the results from both groups to see which framing was more effective.

In Framing S, 81% of the respondents underestimated the benefits of the public healthcare system. This suggests that these respondents' expectations would increase when provided with the actual self-benefits. So, researchers considered only these respondents for further analysis.

Surprisingly, on average, the treatment (informing people about future self-benefits) had no influence on gaining support for higher contributions to health insurance. Interestingly, for those who were unaware of the fiscal risks, the treatment increased support by 28.9 percentage points. However, as expected, this positive effect disappeared once the unaware group learned about the fiscal unsustainability of the public healthcare system.

In Framing N (where future self-benefits were not explicitly highlighted), the treatment had no effect on respondents who were unaware of the fiscal risks. However, among those who were aware, support dropped by eight percentage points. "The results indicate that informing the benefits without framing them as self-benefits may have a limited impact on increasing political support for higher contributions to health insurance," says the authors.

The findings carry significant implications for policymakers, governments, and countries with struggling public healthcare systems and an aging population.

"To increase support for health insurance systems, it is important to inform people about future self-benefits. But first, people need to believe that they will definitely benefit from the system in the future. This could be achieved by implementing fiscal consolidation policies to build trust in public finance," concludeDr. Matsumoto and Dr. Kishishita.
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A healthy lifestyle may counteract diabetes-associated brain aging | ScienceDaily
Type 2 diabetes and prediabetes are associated with accelerated brain ageing, according to a new study from Karolinska Institutet in Sweden published in the journal Diabetes Care. The good news is that this may be counteracted by a healthy lifestyle.


						
Type 2 diabetes is a known risk factor for dementia, but it is unclear how diabetes and its early stages, known as prediabetes, affect brain ageing in people without dementia. Now, a comprehensive brain imaging study shows that both diabetes and prediabetes can be linked to accelerated brain ageing.

The study included more than 31,000 people between 40 and 70 years of age from the UK Biobank who had undergone a brain MRI scan (magnetic resonance imaging). The researchers used a machine learning approach to estimate brain age in relation to the person's chronological age.

Prediabetes and diabetes were associated with brains that were 0.5 and 2.3 years older than chronological age, respectively. In people with poorly controlled diabetes, the brain appeared more than four years older than chronological age. The researchers also noted that the gap between brain age and chronological age increased slightly over time in people with diabetes. These associations were attenuated among people with high physical activity who abstained from smoking and heavy alcohol consumption.

"Having an older-appearing brain for one's chronological age can indicate deviation from the normal ageing process and may constitute an early warning sign for dementia," says the study's lead author Abigail Dove, a PhD student at the Department of Neurobiology, Care Sciences and Society, Karolinska Institutet. "On the positive side, it seems that people with diabetes may be able to influence their brain health through healthy living."

Repeated MRI data were available for a small proportion of the study participants. Follow-up MRI scans are ongoing and researchers are now continuing to study the association between diabetes and brain ageing over time.

"There's a high and growing prevalence of type 2 diabetes in the population," says Abigail Dove. "We hope that our research will help prevent cognitive impairment and dementia in people with diabetes and prediabetes."

The study was mainly funded by the Swedish Alzheimer's Foundation, the Dementia Research Fund, the Swedish Research Council and Forte (the Swedish Research Council for Health, Working Life and Welfare). There are no reported conflicts of interest.
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Epigenetics blood markers can help explain dementia risk | ScienceDaily
New research suggests that epigenetic markers in the blood could be useful for understanding dementia risk.


						
Two linked papers from the University of Exeter and Maastricht University have together progressed research to show the potential for DNA methylation, an epigenetic marker, in understanding how genetics and lifestyle factors influence dementia risk.

DNA methylation is a chemical tag added to DNA, which can turn genes on and off. Genetic and lifestyle factors can alter the levels of the DNA methylation tag on genes, with some of these factors already known to increase the risk of developing dementia. By assessing DNA methylation this can help scientists understand the extent to which these different factors influence risk of dementia and the mechanisms by which they bring about disease.

In the largest study of its kind, published in Alzheimer's and Dementia: the Journal of the Alzheimer's Association, researchers assessed DNA methylation at 800,000 sites in the genome in blood samples collected from 900 people in the European Medical Information Framework for Alzheimer's disease Multimodal Biomarker Discovery (EMIF-AD MBD) study. The study includes extensive clinical information on participants, who all provided spinal fluid samples, which have been used for diagnosis and monitoring of Alzheimer's disease, because it is in direct contact with the brain. However, collecting the fluid is an invasive procedure, so the team investigated whether they could instead use blood samples, through analysing blood epigenetic signatures that are associated with Alzheimer's disease biomarkers, as this would be cheaper and easier to collect in practice.

In the first of the two papers, led by Professor Katie Lunnon at the University of Exeter Medical School, the team showed that DNA methylation signatures in blood can mirror some protein biomarker levels in spinal fluid samples, which are used for assessing dementia. The team explored these signatures in conjunction with 15 different spinal fluid biomarkers that are used for diagnosing dementia and showed changes in the methylation status of key genes for a number of these biomarkers.

In a second linked paper in the same journal, led by Dr Ehsan Pishva at Maastricht University in the Netherlands, the team generated epigenetic risk scores using blood DNA methylation signatures as a proxy for 14 known dementia risk factors. Some of these were modifiable lifestyle risks including physical activity, diet and some were non-modifiable, such as age and having heart disease.

They showed that their epigenetic risk scores can improve the prediction of the risk of cognitive decline and dementia onset, even at early stages. Early detection is crucial to better lifestyle management, and to accessing potential new treatments. The paper highlights how genetic, lifestyle, and environmental factors are contributing to the development and progression of dementia through epigenetic mechanisms.




Professor Katie Lunnon, at the University of Exeter Medical School, is lead author on one of the studies, and leads the Dementia Genomics Team who have previously published a number of pioneering papers exploring epigenetics in the brain and blood in different dementias. She said: "We know that a number of genetic and lifestyle factors can increase the risk of developing Alzheimer's disease and other dementias. Epigenetics is a particularly exciting research field because it can mediate the interaction between our genetic makeup, which is fixed at conception, and environmental risks, which we can potentially modify.

Dr Ehsan Pishva, at Maastricht University, who led the other paper and leads the Dementia Systems Biology team, said: "Our epigenetic risk score can improve the prediction of risk of cognitive impairment in different populations, marking a significant advancement in dementia research. The study, which involved advanced analysis of large epigenetic datasets from multiple independent dementia cohorts, found that the epigenetic risk score was a predictor of future cognitive decline in Alzheimer's disease and Parkinson's disease cohorts.

"Our findings highlight the potential of using blood-derived epigenetic measurements as a non-invasive approach to assess dementia risk, paving the way for future studies to explore more personalised and preventive healthcare strategies in tackling cognitive impairment."

The EMIF-AD MBD project received support from the Innovative Medicines Initiative Joint Undertaking, with the work undertaken in these papers being further supported by funding awarded from the Alzheimer's Society, Medical Research Council, National Institute of Aging of the National Institutes of Health and ZonMw Memorabel/Alzheimer Nederland. Further support was also provided by the NIHR Exeter Biomedical Research Centre.
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Rain or shine? How rainfall impacts size of sea turtle hatchlings | ScienceDaily
Female sea turtles lay their eggs, cover the nest with sand and then return to the ocean, leaving them to develop and hatch on their own. From nest predators to rising temperatures, odds of survival are bleak. Once hatched and in the ocean, about one in 1,000 make it to adulthood.


						
Hatchling size matters. Larger hatchlings, which move faster, are more likely to survive because they spend less time on risky beach sands.

Research shows that both air and sand temperatures crucially impact sea turtle hatchlings. Cooler temperatures produce larger, heavier hatchlings with more males, while warmer temperatures accelerate hatching and offer predator protection. For endangered loggerhead (Caretta caretta) and green (Chelonia mydas) sea turtles, cooler and moister conditions result in stronger hatchlings. However, rising temperatures might shorten incubation periods, and erratic rainfall can disrupt growth, potentially affecting survival.

Balancing temperature and moisture is vital for the health of these vulnerable sea turtles. Too much moisture can be deadly for embryos.

An internationally collaborative study by Florida Atlantic University and led by the University of Tubingen in Germany, delves into how fluctuating rainfall impacts the development of sea turtle hatchlings, revealing that it has a more profound effect than changes in air temperature.

The research, which spans data from 37 beaches worldwide -- a longitudinal study in Florida, and experimental studies on the Cape Verde Islands -- shows that precipitation plays a crucial role in determining hatchling body size. Rainfall cools the beach surface and enhances the moisture needed for egg development, making it a better predictor of body size than temperature.

Results of the study, published in BMC Ecology and Evolution, reveal that the impact of rainfall varies between species. For loggerhead turtles, heavier rainfall results in hatchlings with smaller carapaces (shell) but greater weight, while green turtle hatchlings grow smaller carapaces without a change in body mass.




"Findings from our study highlight the need for more localized data on how regional weather influences incubation and hatchling development," said Jeanette Wyneken, Ph.D., co-author and professor, Department of Biological Sciences, FAU Charles E. Schmidt College of Science. "These data are essential for refining conservation strategies to protect sea turtles amidst global warming."

The study started with data from Boca Raton, comparing hatchling size (length, width, and mass) with local climate factors. Next, data were collected from 19 beaches with loggerhead hatchlings and 17 beaches with green turtle hatchlings. A third part of the study looked at hatchlings in Cabo Verde after a few days of rain during their dry season to see how precipitation affected their size.

In the Mediterranean, particularly on the beaches of Cyprus and Turkey, the dry season brings very little rain from the North Atlantic. For green turtles in these drier areas, the effects of precipitation become noticeable only after the dry season ends. In Florida, however, precipitation levels stay fairly consistent throughout the nesting season due to local weather patterns, though droughts and heatwaves typically occur in July and October.

"It's not clear exactly how rain affects hatchling size," said Wyneken. "One idea is that rain cools the nests, which can change the temperature and impact the sex ratio of the hatchlings. This could lead to differences in hatchling size and shape, similar to how male and female hatchlings of other turtles, like the giant river turtle, have different shell shapes."

As climate change shifts rainfall patterns -- making wet areas wetter and dry areas drier -- the impact on sea turtle nesting sites suggests that global conservation strategies for loggerhead and green sea turtles likely need to be updated.

"Effective management units for conservation should focus on regularly updating and including important nesting sites, highlighting the importance of local conservation efforts," said Wyneken. "Analyzing local data from various nesting sites is crucial for understanding sea turtle nesting patterns. These local databases should be made more accessible and widely shared to improve our knowledge and support local conservation efforts."

Study co-authors are first author Omar Rafael Regalado Fernandez, Ph.D., University of Tubingen; Parima Parsi-Pour, The Humboldt University of Berlin; John A. Nyakatura, Ph.D., The Humboldt University of Berlin; and Ingmar Werneburg, Ph.D., University of Tubingen.

The research is supported by the German Research Foundation (Deutsche Forschungsgemeinschaft WE 5440/6-1).
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Love is blind for male fruit flies who will choose sex over safety | ScienceDaily
Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex, new research shows.


						
Researchers at the University of Birmingham have shown that pursuit of a coveted reward -- in this case a female fly -- will cause a male fruit fly to ignore threats such as predation.

In the study, published today (28 Aug) in Nature, the team was able to show for the first time the neural networks in the fly's brain that direct this decision-making process, revealing the neurotransmitter dopamine has a leading role to play.

Lead researcher Dr Carolina Rezaval said: "Every day we make decisions that require us to balance opportunities and risk -- but we know little about what is happening in our brains as we make these choices.

"By studying the neural pathways that are activated in the brains of fruit flies we can find out more about these processes. As the fly pursues his courtship and is close to mating, we can clearly see that when a threat is introduced, he simply does not see it."

In their experiment, the researchers used two-photon microscopy to look at which neurons in the fly's brain were activated during the courtship. The team introduced an artificial threat using light and shadow to simulate the effect of a predator flying nearby.

Dr Laurie Cazale-Debat, a leading researcher in Rezaval's group at the University of Birmingham, said: "During earlier stages of courtship, we found the presence of threat triggered certain visual neurons in the brain that interfere with neurons governed by serotonin. This prompts flies to abandon their courtship and escape the threat.




"As the courtship advances, however, the increase in dopamine blocks key sensory pathways, reducing the ability of the fly to respond to threat and causing it to focus on mating."

Dr Rezaval explains: "The animal must decide about what is most important. Dopamine is key to this decision-making process, but the levels of dopamine are closely related to the proximity of the goal -- how likely is success?

"You can see this kind of motivation at play all the time among humans. Imagine you're climbing a mountain and you're close to the summit," added Dr Lisa Scheunemann, a group leader from Freie Universitat Berlin and key contributor to the study. "If the weather changes and conditions become dangerous you might disregard that threat because you are so close to your goal."

Dr Rezaval concludes: 'Our study shows that as courtship progresses, dopamine increases, acting as a sensory filter that blocks distractions and helps the animal focus on the task at hand when close to its goal. We are excited to explore if this is a general decision-making mechanism that is also present in mammals, including humans."

This work was done in collaboration with Dr Lisa Scheunemann (Freie Universitat Berlin), Dr David Owald's group (Charite -- Universitatsmedizin Berlin) and Dr Andrew Lin's group (University of Sheffield). The research was supported by the Biotechnology and Biological Sciences Research Council, The Leverhulme Trust, Marie Sk?odowska-Curie Actions, German Research Foundation (DFG), European Research Council, and Wellcome Trust.
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Kidney donors' risk of death at all-time low | ScienceDaily
The risk of death for people who donate a kidney for transplantation -- already small a decade ago -- has dropped by more than half since then, a new study shows.


						
Each year, roughly 6,000 Americans volunteer to donate a kidney, according to the Organ Procurement and Transplantation Network. Before undergoing the procedure, donors are informed of the potential risks, including death. Based on data from 1995 through 2009, experts had originally predicted that about three of every 10,000 donors were likely to die within three months of the procedure. The authors of the new study argue that advances in surgical techniques, donor selection, and postoperative care have since rendered that estimate out of date.

Analyzing three decades of medical records representing 164,593 kidney donors from across the country, a team led by researchers at NYU Langone Health found that by 2022, fewer than one death occurred for every 10,000 donations. That translates into 36 deaths in total over 30 years.

"While we had always understood that kidney donation is safe, our findings suggest that mortality among donors is extremely rare, and the procedure is safer than ever before," said study lead author Allan Massie, PhD. Massie is director of the Center for Surgical and Transplant Applied Research (C-STAR) Quantitative Core at NYU Grossman School of Medicine, where he is also a faculty member in the Departments of Surgery and Population Health.

The results further showed that while their overall risk remained small, donors who were male and those with a history of high blood pressure were more likely to die within 90 days of surgery than other donors. Meanwhile, age, race, and ethnicity had no bearing on mortality.

Massie notes that surgical methods have changed dramatically since the 1990s, with open donor nephrectomy, in which surgeons make a 6-inch to 8-inch incision to remove the kidney, being almost entirely replaced by laparoscopic nephrectomy. In this less-invasive option, the organ is removed through a much smaller incision, with the procedure aided by a camera inserted through a thin tube.

The new report, publishing online Aug. 28 in the Journal of the American Medical Association (JAMA), is the first since 2009 to examine trends in mortality risk among living kidney donors. As a result, it better reflects the reality of organ donation in a time when laparoscopic nephrectomy is standard practice, the authors say.




For the study, the team analyzed information from the Scientific Registry of Transplant Recipients, a database of transplantation centers that is overseen by the U.S. Department of Health and Human Services. Death records were sourced from the Organ Procurement and Transplantation Network, the nonprofit organization that administers the nation's only transplantation network authorized by the U.S. Congress.

The researchers calculated mortality rates within 90 days of donation, separated out into three time periods: 1993 through 2002, 2003 through 2012, and 2013 through 2022. Then, they compared deaths across the periods and considered different demographic and health factors, such as sex, body mass index (a measure of obesity), and whether the donors had an open or laparoscopic surgery.

Researchers found that about half of deaths occurred within the first week after donation, most commonly due to blood loss linked to surgery. In addition, mortality was similar from 1993 through 2012. Specifically, a total of 13 deaths occurred before 2003, with another 18 happening between 2003 and 2012. Meanwhile, there have been far fewer deaths since 2013, with five donors dying within 90 days of their procedure.

"These results demonstrate that the current guidelines used to inform potential kidney donors of their risks need to be updated to reflect nearly a decade of safety improvements," said study senior author Dorry Segev, MD, PhD. Segev is a professor and vice chair in the Department of Surgery at NYU Grossman School of Medicine and director of C-STAR.

"As a kidney donor and research scientist in the field, it is reassuring to see the progress we have made," said study co-author Macey Levan, JD, PhD, an associate professor in the Departments of Surgery and Population Health at NYU Grossman School of Medicine. and director of the C-STAR Qualitative Core. Levan is also the vice president of patient and donor affairs for the Organ Procurement and Transplantation Network and had donated her kidney to her cousin in 2009.

Funding for the study was provided by National Institutes of Health grants R01DK132395 and K24AI144954.

Segev has served as a consultant for pharmaceutical companies AstraZeneca, CareDx, Moderna Therapeutics, Novavax, and Regeneron, and has received speaker fees and honoraria from Springer Publishing, AstraZeneca, CareDx, Houston Methodist, Northwell Health, Optum Health Education, Sanofi, and WebMD. Study co-author Levan has received personal fees from the health-management platform PatientsLikeMe and from the pharmaceutical company Takeda. None of these groups were involved in the current study. The terms and conditions of all of these relationships are being managed in accordance with the policies and procedures with NYU Langone Health.

In addition to Massie, Segev, and Levan, another NYU Langone researcher involved in the study is Jennifer Motter, MHS. Jon Snyder, PhD, at the Hennepin Healthcare Research Institute in Minneapolis, Minn., also served as a study co-investigator.
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Prioritizing the unexpected: New brain mechanism uncovered | ScienceDaily
Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders (ASDs) and schizophrenia spectrum disorders (SSDs).


						
The research, published today in Nature, outlines how scientists at the Sainsbury Wellcome Centre at UCL studied mice in a virtual reality environment to take us a step closer to understanding both the nature of prediction error signals in the brain as well as the mechanisms by which they arise.

"Our brains constantly predict what to expect in the world around us and the consequences of our actions. When these predictions turn out wrong, this causes strong activation of different brain areas, and such prediction error signals are important for helping us learn from our mistakes and update our predictions. But despite their importance, surprisingly little is known about the neural circuit mechanisms responsible for their implementation in the brain," explained Professor Sonja Hofer, Group Leader at SWC and corresponding author on the paper.

To study how the brain processes expected and unexpected events, the researchers placed mice in a virtual reality environment where they could navigate along a familiar corridor to get to a reward. The virtual environment enabled the team to precisely control visual input and introduce unexpected images on the walls. By using a technique called two-photon calcium imaging, the researchers were able to record the neural activity from many individual neurons in primary visual cortex, the first area in our neocortex to receive visual information from the eyes.

"Previous theories proposed that prediction error signals encode how the actual visual input is different from expectations, but surprisingly we found no experimental evidence for this. Instead, we discovered that the brain boosts the responses of neurons that have the strongest preference for the unexpected visual input. The error signal we observe is a consequence of this selective amplification of visual information. This implies that our brain detects discrepancies between predictions and actual inputs to make unexpected events more salient" explained Dr Shohei Furutachi, Senior Research Fellow in the Hofer and Mrsic-Flogel labs at SWC and first author on the study.

To understand how the brain generates this amplification of the unexpected sensory input in the visual cortex, the team used a technique called optogenetics to inactivate or activate different groups of neurons. They found two groups of neurons that were important for causing the prediction error signal in the visual cortex: vasoactive intestinal polypeptide (VIP)-expressing inhibitory interneurons in V1 and a thalamic brain region called the pulvinar, which integrates information from many neocortical and subcortical areas and is strongly connected to V1. But the researchers found that these two groups of neurons interact in a surprising way.

"Often in neuroscience we focus on studying one brain region or pathway at a time. But coming from a molecular biology background, I was fascinated by how different molecular pathways synergistically interact to enable flexible and contextual regulation. I decided to test the possibility that cooperation could be occurring at the level of neural circuits, between VIP neurons and the pulvinar," explained Dr Furutachi.




And indeed, Dr Furutachi's work revealed that VIP neurons and pulvinar act synergistically together. VIP neurons act like a switch board: when they are off, the pulvinar suppresses activity in the neocortex, but when VIP neurons are on, the pulvinar can strongly and selectively boost sensory responses in the neocortex. The cooperative interaction of these two pathways thus mediates the sensory prediction error signals in visual cortex.

The next steps for the team are to explore how and where in the brain the animals' predictions are compared with the actual sensory input to compute sensory prediction errors and how prediction error signals drive learning. They are also exploring how their findings could help contribute to understanding ASDs and SSDs.

"It has been proposed that ASDs and SSDs both can be explained by an imbalance in the prediction error system. We are now trying to apply our discovery to ASDs and SSDs model animals to study the mechanistic neural circuit underpinnings of these disorders," explained Dr Furutachi.

This research was funded by the Sainsbury Wellcome Centre Core Grant from the Gatsby Charity Foundation and Wellcome (219627/Z/19/Z and 090843/F/09/Z); a Wellcome Investigator Award (219561/Z/19/Z); the Gatsby Charitable Foundation (GAT3212 and GAT3361); the Wellcome Trust (090843/E/09/Z and 217211/Z/19/Z); European Research Council (HigherVision 337797; NeuroV1sion 616509); the SNSF (31003A 169525); Biozentrum core funds (University of Basel).
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Aoudad, bighorn sheep share respiratory pathogens | ScienceDaily
A team of researchers at the Texas A&M College of Veterinary Medicine and Biomedical Sciences (VMBS) has discovered that aoudad -- an animal in the sheep and goat family -- can catch and spread many of the same respiratory pathogens that can impact desert bighorn sheep, a native species in Texas that often shares its habitat with aoudad.


						
The new research, recently published in the journal PLOS ONE, will help wildlife conservationists better understand the complex relationship between these two species and promote the management of both species. The project was made possible thanks to funding from the Wild Sheep Foundation and support from the Texas Parks & Wildlife Department.

Aoudad (pronounced "AH-dad") originated in North Africa and were introduced to Texas for hunting opportunities in the late 1950s. Some wildlife experts estimate that there could be as many as 40,000 living in the state.

"There isn't much research about disease transmission between Texas aoudad and native species like bighorn sheep. This makes it difficult for wildlife experts to monitor diseases and preserve animal populations," said Dr. Logan Thomas, an assistant professor at Kansas State University and former postdoctoral researcher under Dr. Walter Cook, a clinical associate professor in the VMBS' Department of Veterinary Pathobiology.

"If we can measure the disease exposure in both species, we can start to understand how they might affect each other," he said. "By analyzing samples from both kinds of animals, we were ultimately able to determine that they too can carry and transmit the same respiratory illnesses."

It Takes Two

Both aoudad and bighorn sheep are important animals for Texas wildlife conservation and the state's economy. In West Texas, both animals are hunted as game, and some landowners make a significant portion of their income by charging hunters a fee to hunt on their land.




"Aoudad, in particular, are economically valuable for hunting opportunities," Thomas said. "Since they're a non-native species, there are no season or bag limits, which is very attractive to hunters."

While bighorn sheep are also a favorite game animal among hunters, they require intensive management in Texas to keep their population numbers sustainable.

The respiratory diseases, including pneumonia, that both species can share have already wreaked havoc on bighorn populations, raising concerns among experts about what these diseases could do to aoudad, in addition to worsening the situation for bighorns.

"When there are outbreaks of these diseases in bighorn sheep, we usually see two waves of population decline," Thomas said. "There's a decline in all age groups when the outbreak first happens. Then there's another wave after the lambs are born -- many of them don't survive because they haven't been exposed to the disease and therefore lack an immune response like the older bighorns have."

Complicating the problem is that some adult bighorns will carry the disease for several years after the initial outbreak, which means that the population may never have a chance to recover its numbers.

"We've known about this cycle in bighorn sheep for a while now, but no one had studied whether the same thing could happen in aoudad or if the two species could spread these pathogens back and forth," he said. "We don't suspect that it will be a significant health problem for aoudad, but we aim to learn more as we continue our research."

Keeping A Close Watch




Now that the researchers have confirmed that aoudad can carry the same respiratory pathogens as bighorn sheep, wildlife experts can start to monitor disease transmission within and between those populations.

"Based on previous reports about this family of diseases, it's also possible that they could spread to mule deer, which would complicate things further," Thomas said. "We're very interested in studying that in the future as well as how these diseases affect aoudad populations, since they haven't received as much research attention on this as native species.

"Ultimately, we want all of these animal populations to thrive within a well-managed balance in Texas," Thomas said. "Disease monitoring is one way we can take steps to make that happen."
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Work toward a cleaner way to purify critical metals | ScienceDaily
Rare-earth elements are everywhere in modern life, found in everything from the smart device you're reading this on to the LED lightbulbs overhead and neodymium magnets in electric vehicles and wind turbines.


						
However, purifying these critical metals from ores with complex mixtures is a nasty business involving strong acids and hazardous solvents, and is primarily conducted in China. Over the past three years, a team of researchers from Sandia National Laboratories has been pioneering an environmentally friendly method to separate these rare-earth elements from watery mixtures.

Initially, the team made and modified tinker-toy-like molecules called metal-organic frameworks or MOFs to test their ability to adsorb these vital metals. They then used computer simulations and X-ray-based experiments to investigate how the rare-earth elements interact with the synthesized "sponges." The team's ultimate goal is to design sponges that selectively absorb one rare earth metal while excluding others. Their findings were recently published in a series of scientific papers, including one in the scientific journal ACS Applied Materials and Interfaces on August 26.

"We synthesized MOFs with variable surface chemistry and were able to show through adsorption experiments that these MOFs can pick out rare-earth elements from a mixture of other metals," said Anastasia Ilgen, a Sandia geochemist and project lead. "They are more selective for the rare earths -- that's good. Importantly, we illustrated that their ability to pick out metals can be fine-tuned by adding chemical groups on their surfaces."

Synthesizing stable sponges

The researchers selected two zirconium-based tinker-toy-like MOFs for the project. These MOFs are highly stable in water and easily adjustable, according to Dorina Sava Gallis, a Sandia materials chemist involved in the project.

MOFs consist of metal "hubs" and carbon-based linker "rods," which can be interchanged to create nanosized "sponges" with different properties. Also, chemists can add different chemical groups within MOFs to modify their properties or engineer structures with missing rods, Sava Gallis said.




In their study, published in the scientific journal Chemical Communications, Sava Gallis and her team experimented with two types of MOFs featuring zirconium hubs. They attached new chemical groups to the linkers in one MOF building block, while attaching them to the metal hub in another.

The team found that the MOFs with missing linkers bound more of the two rare-earth elements compared to those without missing linkers, as expected. The addition of an amino group to the linker had minimal impact on the adsorption of any of the metals. However, incorporating a negatively charged chemical group called phosphonate into the linker improved the adsorption of all the metals. Interestingly, in the MOF structure where the chemical groups were attached to the metal hubs, the additional chemical groups did not make much of a difference on the adsorption of the rare-earth elements. However, they greatly increased the selectivity for nickel over cobalt, Sava Gallis said.

"We are seeing that both approaches we implemented effectively tune the selectivity for different ions," Sava Gallis said. "We're looking into designing new materials, combining the knowledge we have gained from studying these two material systems, to intentionally tailor the adsorption selectivity for each metal of interest."

Modeling molecular interactions

To further guide the design of MOFs selective for specific rare-earth metals, Sandia computational materials scientist Kevin Leung used two different computer modeling techniques. First, he conducted molecular dynamics simulations to understand the environment of rare-earth elements in water, with or without other chemicals, or within a MOF structure. Then he performed detailed density functional theory modeling to calculate the energy for 14 rare-earth elements from cerium to lutetium going from water to a binding site with various surface chemistries. These findings were published in Physical Chemistry Chemical Physics.

Consistent with the earlier experimental work, Leung found that rare-earth elements do not exhibit a preference for binding with amines over water. However, they do show a preference for negatively charged chemicals like sulfate or phosphate compared to water. Leung found this preference is stronger for heavier rare-earth elements such as lutetium compared to lighter elements like cerium and neodymium.




The goal was to find a chemical that would allow them to select one metal, but unfortunately everything modeled had a uniform trend, Leung said. He hypothesized that combining a slightly positively charged surface chemical with a negatively charged surface chemical would be able to select for one metal. However, this approach has not yet been attempted.

X-ray illumination and next steps

To see precisely how the rare-earth metals interact with MOFs, Ilgen used X-ray spectroscopy to examine the chemical environment of three rare-earth elements in zirconium-based MOFs and chromium-based MOFs. Using synchrotron-based X-ray absorption fine structure spectroscopy at Argonne National Laboratory, Ilgen observed that the rare-earth element chemically bonded to the metal hub in both zirconium and chromium MOFs. In the MOF with a phosphonate surface group, the rare-earth metals bound to the phosphonate instead of the metal hub.

"My spectroscopy work is the first to identify the surface complexes formed by rare-earth elements in MOFs," Ilgen said. "No one had done X-ray spectroscopy before. Previous studies inferred surface complexes based on adsorption trends, but no one had 'seen' them. I saw them with my X-ray eyes."

Ilgen also saw that the rare-earth element bound to the metal hub in the same manner in MOFs with missing linkers as in MOFs with all the linkers. This is significant because MOFs without defects are more stable and potentially more reusable than MOFs with missing linkers.

In the paper, Ilgen proposed that metal hubs with a mixture of metals could create MOF sponges that prefer to adsorb one rare-earth element over others, but she said this approach has not been attempted yet.

Armed with their extensive knowledge of rare-earth elements' interactions with MOFs, the team has numerous avenues to explore in designing selective sponges.

"There are several possible design strategies for ion-selective MOFs, specifically for separating individual rare-earth elements from one another," Ilgen said. "One strategy involves tuning the chemistry of the metal hub, potentially incorporating multiple types of metals to optimize the binding site for a specific rare earth. Another strategy focuses on surface group chemistry, where strong surface groups outcompete the metal hubs, creating ion-specific pockets associated with the surface groups. Lastly, the pore dimensions of the MOF itself can be adjusted, as nanosized pores alter local chemistry to favor specific elements."

The project was funded by Sandia's Laboratory Directed Research and Development program.
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New insight into the protein mutations that cause Rett syndrome | ScienceDaily
One particular protein lies at the heart of brain development. A master regulator of gene expression, it's abundantly present in neurons, and its dysfunction underlies Rett syndrome, a neurological disorder that could lead to severe cognitive, motor, and communication impairments in young girls.


						
Yet scientists understand little about how this essential protein does its crucial work at the molecular level. "People have been studying this protein for decades without a clear consensus on what it is doing, where it binds to the genome, and what its functions are," says Rockefeller's Shixin Liu. Now, a new study from Liu's laboratory sheds light on how the protein, MeCP2, interacts with DNA and chromatin.

The findings, published in Nature Structural & Molecular Biology, provide insight into this master regulator, and could open up new avenues for Rett syndrome therapies.

A single-molecule approach

MeCP2 is a baffling protein. While it has been implicated in the regulation of thousands of genes and is thought to be central to neurodevelopment, its impacts on the genome are tricky to pin down. Insufficient amounts of wildtype MeCP2 causes Rett syndrome, but too much of the protein causes a similarly debilitating neurological disorder known as MeCP2 duplication syndrome.

Liu and colleagues leveraged the lab's area of expertise -- single-molecule observation and manipulation -- to better understand how MeCP2 interacts with DNA. The team tethered a single piece of DNA between micron-sized plastic beads, each held by a laser, and then incubated the DNA with fluorescently labeled MeCP2 proteins. This setup allowed them to closely monitor the mysterious protein's dynamic behavior.

MeCP2 is generally thought to exclusively perform its functions on DNA that is modified with methylated cytosines, but lacked a satisfactory explanation for such specificity, since the protein readily binds both methylated and unmethylated DNA. The team found that MeCP2 dynamically moves on DNA, but in a much slower manner in regards to the methylated form compared to the unmethylated one. They further showed that these different dynamics allow MeCP2 to recruit another regulatory protein more efficiently to methylated DNA sites, which may help direct MeCP2's gene regulatory functions towards specific locations within the genome. "We found that MeCP2 slides along unmethylated DNA faster, and this difference in motion may explain how the protein differentiates between the two," says Gabriella Chua, a graduate fellow in Liu's lab and first author on the paper.




"That's something we could only have discovered using a single-molecule technique."

Liu and Chua also found that the protein shows a very strong preference for binding to nucleosomes, protein spools that are wound with our genetic material, over bare DNA. This interaction stabilizes nucleosomes in a way that may suppress gene transcription -- hinting at how MeCP2 itself regulates gene expression.

New thinking about nucleosomes

The observation that a master regulator of gene expression most often interacts with this tightly wound form of DNA helps bolster a growing notion that nucleosomes are far more than inert "storage spools" of DNA, and that scientists need to begin thinking of MeCP2's function more in the context of nucleosomes.

"Our data is one of the most definitive examples of this phenomenon to date," Liu says. "It's clear that MeCP2 prefers binding to nucleosomes." In this way, MeCP2 functions as a chromatin-binding protein, contrasting the conventional view that sees it chiefly as a methyl-DNA-binding protein. In this study, the team has also narrowed in on the part of the protein that is responsible for its nucleosome-binding activity.

"Bare DNA is in the minority -- nucleosomes are pervasive in our genomes," Chua says. "Several recent studies have demonstrated that nucleosomes are not merely passive barriers to transcription, but active hotspots for gene regulation." A particularly striking example of such nucleosome functionality is how MeCP2 interacts with it.

In future work, the team plans to expand beyond the present in vitro study to examine MeCP2 in vivo, where interactions between the protein and the nucleosome are expected to be more complex. They also intend to use the techniques described in this paper to better study the many MeCP2 mutations that cause diseases such as Rett syndrome. The hope is that a more complete understanding of the protein central to this devastating disease may one day lead to therapies. "There's no cure for Rett, but the community of researchers studying it are determined and energized. Many found our data intriguing when we shared it with them," Chua says. "Our findings highlight how basic research can help the clinical community better understand a disease."
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This new technique for studying cell receptors could have sweeping implications for drug development | ScienceDaily
One in every three FDA-approved drugs targets a single superfamily of receptors dotting the surfaces of human cells. From beta blockers to antihistamines, these essential, life-saving medications trigger winding biochemical pathways, via these receptors, to ultimately prevent a heart attack, or stop an allergic reaction in its tracks.


						
But scientists have learned that their story is much more complicated than initially believed -- a number of these drugs are in fact targeting a complex composed of one receptor and one associated protein. Now, a new study in Science Advances introduces a novel approach to mapping the interactions between 215 such receptors and the three proteins that they form complexes with. The findings dramatically expand understanding of these interactions and their therapeutic potential.

"On the technical side, we can now study these receptors at unprecedented scale," says first author Ilana Kotliar, a former graduate student in Rockefeller's Laboratory of Chemical Biology and Signal Transduction, headed by Thomas P. Sakmar. "And on the biological side, we now know that the phenomenon of these protein-receptor interactions is much more widespread than originally thought, opening the door to future investigations."

Uncharted territory

This family of receptors are known as GPCRs, or G protein-coupled receptors. Their accessory proteins are known as RAMPs, short for receptor activity-modifying proteins. RAMPs help transport GPCRs to the cell surface and can vastly alter how these receptors transmit signals by changing the receptor's shape or influencing its location. Because GPCRs seldom exist in a vacuum, identifying a GPCR without accounting for how RAMPs might influence it is a bit like knowing the menu of a restaurant without checking its hours, address or delivery options.

"You could have two cells in the body in which the same drug is targeting the same receptor -- but the drug only works in one cell," says Sakmar, the Richard M. and Isabel P. Furlaud Professor. "The difference is that one of the cells has a RAMP that brings its GPCR to the surface, where that the drug can interact with it. That's why RAMPs are so important."

Knowing this, Sakmar and colleagues were determined to develop a technique that would allow researchers to parse out each RAMP's effect on every GPCR. Such a comprehensive map of GPCR-RAMP interactions would supercharge drug development, with the added benefit of possibly explaining why some promising GPCR drugs mysteriously haven't panned out.




They hoped that such a map would also contribute to basic biology by revealing which natural ligands several so-called "orphan" GPCRs interact with. "We still don't know what activates many GPCRs in the human body," Kotliar says. "Screenings may have missed those matches in the past because they weren't looking for a GPCR-RAMP complex."

But wading through every GPCR-RAMP interaction was a daunting task. With three known RAMPs and almost 800 GPCRs, searching through every possible combination was impractical, if not impossible. In 2017 Emily Lorenzen, then a graduate student in Sakmar's lab, began a collaboration with scientists at the Science for Life Laboratory in Sweden and Sweden's Human Protein Atlas Project to create an assay capable of screening for GPCR-RAMP interactions.

Hundreds of experiments at once

The team started by coupling antibodies from the Human Protein Atlas to magnetic beads, each pre-colored with one of 500 different dyes. These beads were then incubated with a liquid mixture of engineered cells expressing various combinations of RAMPs and GPCRs. This setup allowed researchers to simultaneously screen hundreds of potential GPCR-RAMP interactions in a single experiment. As each bead passed through a detection instrument, color coding was used to identify which GPCRs were bound to which RAMPs, enabling high throughput tracking of 215 GPCRs and their interactions with the three known RAMPs.

"A lot of this technology already existed. Our contribution was an enabling technology built upon it," Sakmar says. "We developed a technique to test for hundreds of different complexes at once, which generates a huge amount of data, and answers many questions simultaneously."

"Most people don't think in multiplex terms. But that's what we did -- 500 experiments at once."

While this work is the culmination of a team effort over a long period of time, Kotliar made herculean efforts to drag it across the finish line -- shuttling samples and scarce reagents back and forth from Sweden in rare travel windows during COVID.

It paid off. The results provide a handful of long-awaited resources for GPCR researchers and drug developers: publicly available online libraries of anti-GPCR antibodies, engineered GPCR genes and, of course, the mapped interactions. "You can now type in your favorite receptor, find out what antibodies bind to it, whether those antibodies are commercially available, and whether that receptor binds to a RAMP," Sakmar says.

The findings increase the number of experimentally identified GPCR-RAMP interactions by an order of magnitude and lay the groundwork for techniques that could help detect combinations of GPCRs and identify harmful autoantibodies. "Ultimately, it's a technology-oriented project," Sakmar says. "That's what our lab does. We work on technologies to advance drug discovery."
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Keeping native bees buzzing requires rethinking pest control | ScienceDaily
Whether you're strolling through a garden, wandering a park, or simply enjoying an open space in the United States, you're likely to notice bees buzzing about the flowers. While honeybees, imported from Europe in the 17th century to produce honey, are the most recognizable, they aren't the only bees at work. If you're a keen observer, you might spot some of the thousands of less familiar, native bee species that call these spaces home.


						
Native wild bees play a crucial ecological role, ensuring the survival and reproduction of countless plant species -- including many agricultural crops -- by spreading pollen as they forage for food. Unfortunately, their numbers seem to be declining, and despite experts suggesting multiple causes, the exact reason remains a mystery.

A new study published in Nature Sustainability sheds light on one potential cause: pesticide use. The research reveals a stark decline in the number of wild bee sightings, with appearances of some species dropping as much as 56% in areas of high pesticide use compared to areas with no pesticide use.

The study points to pesticides as a significant factor in wild bee decline and suggests that alternative pest control methods, such as those proposed by the U.S. Environmental Protection Agency, could reduce the damage.

Pesticide effects on wild bee populations scrutinized

Loss of wild bees could disrupt entire ecosystems, affecting not just plants but also the wildlife that depend on those plants for food and habitat. The multibillion-dollar agricultural industry could also suffer; wild bees, alongside honeybees, play a crucial role in pollinating three-quarters of food crops and nearly 90% of flowering plant species.

Recognizing the urgent threat posed by bee population declines, Laura Melissa Guzman of the USC Dornsife College of Letters, Arts and Sciences, along with an international team of researchers, set out to investigate the impact of pesticides on wild bees. They also examined the effects of agricultural practices and how the presence of honeybee colonies might influence wild bee populations.




Guzman, Gabilan Assistant Professor of Biological Sciences and Quantitative and Computational Biology, and the team inspected museum records, ecological surveys and community science data collected between 1996 and 2015 from across the contiguous United States.

Using advanced computational methods, they sifted through more than 200,000 unique observations of over 1,000 species -- representing one-third of all known bee species in the U.S. -- to assess how frequently different species were observed in various locations.

In addition, they analyzed data from several government sources, such as the U.S. Geological Survey's National Land Cover Database and Pesticide National Synthesis Project. The former tracks U.S. land cover types (crop, urban, forest, wetland, etc.) with snapshots taken every two to three years from 2001 to 2016, while the latter provides detailed data on pesticide use by county from 1992 to 2021.

By integrating these resources, the researchers correlated factors such as land use, pesticide application, honeybee colony presence, and types of agricultural crops with wild bee sightings over the past two to three decades.

Pesticides emerge as a top factor harming wild bees

The research provides compelling evidence that pesticide use is a major contributor to the declining numbers of wild bees. The study found a strong correlation between pesticide use and fewer wild bee sightings, suggesting a direct link between pesticide exposure and bee population declines.




Some scientists have speculated that certain crops might adversely affect wild bees . However, Guzman and the team uncovered evidence to the contrary. Among crops frequented by pollinators, they found just as many wild bees in counties with a lot of agriculture versus a little.

Interestingly, the study hinted that the presence of colonies of honeybees, an invasive species, had almost no effect on wild bee populations, despite some evidence to the contrary. The researchers caution, however, that they need more detailed data and further study to confirm this conclusion.

"While our calculations are sophisticated, much of the spatial and temporal data is coarse," Guzman said. "We plan to refine our analysis and fill in the gaps as much as possible."

Wild bees need alternative pest management methods 

The researchers view their findings as compelling evidence that alternative pest control strategies, such as integrated pest management, are essential for conserving these crucial pollinators.

Integrated pest management involves controlling pests by using natural predators, modifying practices to reduce pest establishment, and using traps, barriers and other physical means, with pesticide use reserved as a last resort.

The team also emphasizes the need for more long-term studies that collect data on more localized bee populations over extended periods. "We need to combine these large-scale studies that span continents with field experiments that expose bees to chemicals over longer periods and under natural conditions to get a clearer picture of how these chemicals affect bees," Guzman said.

Building a case for better pesticide risk assessment 

The current study builds on work published earlier this year by Guzman and scientists from Washington State University and Canada's Universite Laval. That study found that ecological risk assessments (ERAs) underestimate pesticide threats to wild bees and other pollinators.

Currently, ERAs measure pesticide effects on honeybees, often in lab studies, then extrapolate those findings to native bee species. However, Guzman and her colleagues revealed that current ERAs vary wildly -- as much as a million-fold -- when estimating how lethal pesticides are just to honeybees. And many wild bees are even more sensitive to pesticides, compounding the problem, the research showed.

"When we only focus on the western honeybee, we're ignoring the unique responses of other wild bee species to pesticide exposure," Guzman said, calling for regulatory agencies, scientists and policymakers to rethink ERA methods.

"More data and analysis on the long-term effects of pesticides will help guide these efforts to the benefit of all pollinators, including wild bees," Guzman said.

About the study

In addition to corresponding author Guzman, study authors include Elizabeth Elle and Leithen M'Gonigle of Simon Fraser University; Lora Morandin of the Pollinator Partnership; Neil Cobb of Biodiversity Outreach Network (BON); Paige Chesshire of BON and Northern Arizona University; Lindsie McCabe of the USDA-ARS Pollinating Insects Research Unit; Alice Hughes of the University of Hong Kong; and Michael Orr of State Museum of Natural History Stuttgart.
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Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care | ScienceDaily

iEEG is a procedure that measures brain activity by placing electrodes directly on or inside the brain. This detailed information is crucial for diagnosing and treating conditions like epilepsy, where pinpointing the exact source of seizures is essential for effective treatment.

For this study, the research team enlisted 16 experts, including EEG technologists and fellowship-trained neurologists, to rate 1,440 iEEG channels as "good" or "bad." In this study, good meant recording brain activity and bad meant not recording brain activity. Their evaluations were compared to themselves, each other and against the Automated Bad Channel Detection (ABCD) algorithm, which was developed by the Herman Darrow Human Neuroscience Lab at the University of Minnesota.

The ABCD algorithm demonstrated higher accuracy (95.2%) and better overall performance compared to human raters, particularly in identifying channels with high-frequency noise.

"Our findings highlight potential biases and limitations in human-based EEG assessments. The ABCD algorithm's performance suggests a future where automated methods can aid clinicians in improving the accuracy and efficiency of seizure detection, ultimately enhancing patient care," said Alexander Herman, MD, PhD, an assistant professor at the U of M Medical School and attending psychiatrist with M Health Fairview.

This research underscores the potential of automated solutions to enhance the reliability and efficiency of iEEG data interpretation -- critical for seizure localization and improved patient outcomes.

"This research demonstrates the potential of automated algorithms to outperform human experts in identifying bad EEG channels. By reducing the workload and variability in assessments, we can focus more on clinical decision-making and patient care," said David Darrow, MD, MPH, an assistant professor at the U of M Medical School and neurosurgeon with M Health Fairview

Future research should aim to refine these automated methods further and explore their application in real-time clinical settings.

Funding was provided by the Institute for Translational Neuroscience and MnDRIVE Brain Conditions.
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New technology 'lights up' bacteria in wounds for better infection prevention | ScienceDaily
Over 6.5 million Americans experience chronic wounds -- wounds that do not heal after a few months. Almost all such wounds contain bacteria, which, if not detected and removed, can lead to severe infection and resulting complications, including amputation if a limb is involved.


						
This is especially true for patients with diabetic foot ulcers (open sores), which affects one-third of people with diabetes. Approximately 20% of those who develop a diabetic foot ulcer will require a lower-extremity amputation, according to the American Diabetes Association.

When physicians debride, or clean out, a wound, they remove as much bacteria as possible. However, they face one key limitation -- not all bacteria can be seen by the human eye, and some may be missed during the debridement.

New Keck Medicine of USC research published in Advances in Wound Care suggests there may be a more effective method to detect bacteria during wound debridement. Autofluorescence (AF) imaging, where a handheld device "lights up" bacteria previously invisible to the human eye, uses violet light to illuminate molecules in the cell walls of any bacteria. Different types of bacteria turn different colors, allowing physicians to immediately determine how much and which types of bacteria are in the wound.

"We're hopeful this new technology can help surgeons improve their accuracy when pinpointing and consequently removing bacteria from wounds and therefore improve patient outcomes, particularly for those with diabetic foot wounds," said David G. Armstrong, DPM, PhD, a podiatric surgeon and limb preservation specialist with Keck Medicine and senior author of the study. "The early detection and removal of bacteria from a wound is vital to preventing avoidable amputations."

The research, a literature review of 25 studies examining the effectiveness of AF imaging in treating diabetic patients with foot ulcers, reveals that AF imaging can identify bacteria in wounds in approximately 9 in 10 patients that traditional clinical assessments miss.

Traditionally, physicians debride wounds, then send tissue samples to the lab to identify specific types of bacteria present in the wound and determine the best treatment protocol based on those findings, such as starting the patient on antibiotics or providing a special type of wound dressing. This process can take days, during which time an infection can set in, said Armstrong.




With AF imaging physicians are able to make medical decisions during the wound debridement, rather than waiting for lab results to initiate treatment.

Another benefit to the technology is that if bacteria is caught early, the patient may avoid being prescribed antibiotics, which in wound care can be prolonged, thus avoiding possible antibiotic resistance.

"This real-time intervention may allow for faster, more effective treatment for wounds," said Armstrong.

Keck Medicine physicians are already using the technology to successfully treat patients with chronic wounds, including diabetic foot ulcers.

"I look forward to more research in this area as we hope to see AF imaging become the standard of care for wound care in the near future," said Armstrong.

The study is partially supported by the National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Award Number?1R01124789-01A1 and the National Science Foundation (NSF) Center to Stream Healthcare in Place (#C2SHiP) CNS Award Number 2052578.
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Second genetic sensor for DNA methylation discovered | ScienceDaily
DNA methylation is a process in which a methyl group is attached to the cytosine base of the DNA molecule, and a major way that DNA is epigenetically marked. Epigenetic modifications can act as on-off switches to regulate gene expression and help generate diverse cell types without changing the underlying DNA sequence. It is how the body ensures that brain-related genes don't get turned on in heart cells, for example.


						
For this reason, maintenance of the DNA methylation pattern is important to ensure the correct and consistent function of each cell type. But this is no easy feat: the DNA methylation pattern can change over time, and this is linked to a variety of diseases. One is a rare genetic condition called immunodeficiency, centromeric instability and facial anomalies (ICF) syndrome, whose symptoms include recurrent respiratory infections, facial anomalies, and slowed growth and cognition.

While it has been known that mutations in the CDCA7 gene cause ICF syndrome, little was known about the gene's molecular function. Now Rockefeller University's Funabiki lab, in close collaboration with researchers at the University of Tokyo and Yokohama City University, has identified a unique functional feature of CDCA7 that ensures the accurate inheritance of DNA methylation.

The researchers discovered that CDCA7 senses hemimethylation in eukaryotes -- an important find, because hemimethylation sensing has long been thought to be solely carried out by a protein called UHRF1. They published their results in Science Advances.

"It's quite an incredible finding," says co-first author Isabel Wassing, a postdoc in the Laboratory of Chromosome and Cell Biology, headed by Hiro Funabiki. "Learning that CDCA7 also acts as a sensor explains why its mutation leads to diseases like ICF syndrome and fills in a major gap in the field of epigenetics. But it also introduced new questions. Why, for example, does the cell need two different hemimethylation sensors?"

A transitional state

Massive cycles of cell division, in which a parental cell is split into two identical daughter cells, give rise to the trillions of cells that make up the human body. Careful replication and segregation of the DNA molecule, packaged into chromosomes, allows for the accurate inheritance of genetic instructions to each new daughter cell.




DNA replication is a tricky process. At the heart of a cell nucleus is chromatin, a complex of macromolecules composed of double-stranded DNA and histone proteins, which DNA wraps around like a string on a yo-yo to form nucleosomes. During replication, the double-stranded DNA strand unwinds from around the histone and splits into two single strands; DNA polymerases then stitch complementary nucleotides across each strand, resulting in two copies of the double-stranded DNA molecule.

However, the methyl groups are not automatically copied onto the newly synthesized DNA strand, rendering it temporarily hemimethylated: the old parental DNA strand is methylated, while the newly incorporated nucleotides in the daughter DNA strand are not, which signals that DNA methylation maintenance is required. Indeed, the detection of hemimethylation by UHRF1 is the crucial first step; the protein then recruits and activates the DNA methyltransferase DNMT1, which deposits the methyl mark on the newly synthesized DNA strand.

The stakes are high, as the cell's ability to sense the presence of hemimethylation has a strict deadline: If the hemimethylated state of DNA is not recognized before the next round of replication, the epigenetic methylation mark is permanently lost.

The chromatin problem

Scientists know that the access of many enzymes and DNA-binding proteins is restricted by chromatin, including those that are necessary to introduce methylation to the DNA. Earlier research by the Funabiki lab showed that CDCA7 forms a complex with the protein encoded by the HELLS gene, whose mutations also cause ICF syndrome. HELLS is a so-called nucleosome remodeler, which can temporarily unwrap the DNA molecule from the nucleosome.

"We envisioned that the CDCA7-HELLS complex is important to help the cell overcome the barrier of compacted heterochromatin and make the DNA molecule accessible to the deposition of methylation," explains Funabiki. "But there are many different nucleosome remodelers that are able to expose the DNA molecule in this way. It remained a mystery to us why CDCA7-HELLS is the only nucleosome remodeling complex directly associated with DNA methylation maintenance. Now that we've shown that CDCA7 specifically recruits HELLS to hemimethylated DNA, this finally provides an explanation."

In this new model, CDCA7 recognizes the hemimethylated DNA in chromatin and recruits HELLS to the site, which, as a nucleosome remodeler, slides the nucleosome out of the way, revealing the hemimethylation site to UHRF1.




The handover of hemimethylation sensing indicates that CDCA7 is better at detecting hemimethylation within the dense heterochromatin than UHRF1 is. It also explains the cell's need for two different sensors. "For these sensors to detect hemimethylation, they must directly and selectively bind the hemimethylated DNA substrate," Wassing says. "CDCA7 seems uniquely able to do that while the DNA is wrapped around the nucleosome. Without it, UHRF1 would be blind to the hemimethylation signal within the nucleosome particles."

This new understanding may help illuminate the underlying mechanisms of diseases born from dysfunctional methylation. In the future they'll seek out functions for hemimethylation sensors beyond DNA methylation maintenance.

"Since some chromosomal regions are known to preserve hemimethylation status, their recognition by CDCA7 may have much broader roles in gene regulation and chromosome organization," Funabiki says. "It's an exciting possibility."
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Researchers develop affordable, rapid blood test for brain cancer | ScienceDaily
Researchers at the University of Notre Dame have developed a novel, automated device capable of diagnosing glioblastoma, a fast-growing and incurable brain cancer, in less than an hour. The average glioblastoma patient survives 12-18 months after diagnosis.


						
The crux of the diagnostic is a biochip that uses electrokinetic technology to detect biomarkers, or active Epidermal Growth Factor Receptors (EGFRs), which are overexpressed in certain cancers such as glioblastoma and found in extracellular vesicles.

"Extracellular vesicles or exosomes are unique nanoparticles secreted by cells. They are big -- 10 to 50 times bigger than a molecule -- and they have a weak charge. Our technology was specifically designed for these nanoparticles, using their features to our advantage," said Hsueh-Chia Chang, the Bayer Professor of Chemical and Biomolecular Engineering at Notre Dame and lead author of the study about the diagnostic published in Communications Biology.

The challenge for researchers was two-fold: to develop a process that could distinguish between active and non-active EGFRs, and create a diagnostic technology that was sensitive yet selective in detecting active EGFRs on extracellular vesicles from blood samples.

To do this, researchers created a biochip that uses an inexpensive, electrokinetic sensor about the size of a ball in a ballpoint pen. Due to the size of the extracellular vesicles, antibodies on the sensor can form multiple bonds to the same extracellular vesicle. This method significantly enhances the sensitivity and selectivity of the diagnostic.

Then synthetic silica nanoparticles "report" the presence of active EGFRs on the captured extracellular vesicles, while bringing a high negative charge. When extracellular vesicles with active EGFRs are present, a voltage shift can be seen, indicating the presence of glioblastoma in the patient.

This charge-sensing strategy minimizes interference common in current sensor technologies that use electrochemical reactions or fluorescence.




"Our electrokinetic sensor allows us to do things other diagnostics cannot," said Satyajyoti Senapati, a research associate professor of chemical and biomolecular engineering at Notre Dame and co-author of the study. "We can directly load blood without any pretreatment to isolate the extracellular vesicles because our sensor is not affected by other particles or molecules. It shows low noise and makes ours more sensitive for disease detection than other technologies."

In total, the device includes three parts: an automation interface, a prototype of a portable machine that administers materials to run the test and the biochip. Each test requires a new biochip, but the automation interface and prototype are reusable.

Running one test takes under an hour, requiring only 100 microliters of blood. Each biochip costs less than $2 in materials to manufacture.

Although this diagnostic device was developed for glioblastoma, the researchers say it can be adapted for other types of biological nanoparticles. This opens up the possibility for the technology to detect a number of different biomarkers for other diseases. Chang said the team is exploring the technology for diagnosing pancreatic cancer and potentially other disorders such as cardiovascular disease, dementia and epilepsy.

"Our technique is not specific to glioblastoma, but it was particularly appropriate to start with it because of how deadly it is and the lack of early screening tests available," Chang said. "Our hope is that if early detection is more feasible, then there is an increased chance of survival."

Blood samples for testing the device were provided by the Centre for Research in Brain Cancer at the Olivia Newton-John Cancer Research Institute in Melbourne, Australia.

In addition to Chang and Senapati, other collaborators include former postdocs at Notre Dame Nalin Maniya and Sonu Kumar; Jeffrey Franklin, James Higginbotham and Robert Coffey from Vanderbilt University; and Andrew Scott and Hui Gan from the Olivia Newton-John Cancer Research Institute and La Trobe University. The study was funded by the National Institutes of Health Common Fund.
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NREL advances method for recyclable wind turbine blades | ScienceDaily
Researchers at the U.S. Department of Energy's National Renewable Energy Laboratory (NREL) see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.


						
The findings are published in the new issue of the journal Science. The new resin, which is made of materials produced using bio-derivable resources, performs on par with the current industry standard of blades made from a thermoset resin and outperforms certain thermoplastic resins intended to be recyclable.

The researchers built a prototype 9-meter blade to demonstrate the manufacturability of an NREL-developed biomass-derivable resin nicknamed PECAN. The acronym stands for PolyEster Covalently Adaptable Network, and the manufacturing process dovetails with current methods. Under existing technology, wind blades last about 20 years, and afterward they can be mechanically recycled such as shredded for use as concrete filler. PECAN marks a leap forward because of the ability to recycle the blades using mild chemical processes.

The chemical recycling process allows the components of the blades to be recaptured and reused again and again, allowing the remanufacture of the same product, according to Ryan Clarke, a postdoctoral researcher at NREL and first author of the new paper. "It is truly a limitless approach if it's done right."

He said the chemical process was able to completely break down the prototype blade in six hours.

The paper, "Manufacture and testing of biomass-derivable thermosets for wind blade recycling," involved work from investigators at five NREL research hubs, including the National Wind Technology Center and the BOTTLE Consortium. The researchers demonstrated an end-of-life strategy for the PECAN blades and proposed recovery and reuse strategies for each component.

"The PECAN method for developing recyclable wind turbine blades is a critically important step in our efforts to foster a circular economy for energy materials," said Johney Green, NREL's associate laboratory director for Mechanical and Thermal Engineering Sciences.




The research into the PECAN resin began with the end. The scientists wanted to make a wind blade that could be recyclable and began experimenting with what feedstock they could use to achieve that goal. The resin they developed using bio-derivable sugars provided a counterpoint to the conventional notion that a blade designed to be recyclable will not perform as well.

"Just because something is bio-derivable or recyclable does not mean it's going to be worse," said Nic Rorrer, one of the two corresponding authors of the Science paper. He said one concern others have had about these types of materials is that the blade would be subject to greater "creep," which is when the blade loses its shape and deforms over time. "It really challenges this evolving notion in the field of polymer science, that you can't use recyclable materials because they will underperform or creep too much."

Composites made from the PECAN resin held their shape, withstood accelerated weatherization validation, and could be made within a timeframe similar to the existing cure cycle for how wind turbine blades are currently manufactured.

While wind blades can measure the length of a football field, the size of the prototype provided proof of the process.

"Nine meters is a scale that we were able to demonstrate all of the same manufacturing processes that would be used at the 60-, 80-, 100-meter blade scale," said Robynne Murray, the second corresponding author.

The other coauthors, all from NREL, are Erik Rognerud, Allen Puente-Urbina, David Barnes, Paul Murdy, Michael McGraw, Jimmy Newkirk, Ryan Beach, Jacob Wrubel, Levi Hamernik, Katherine Chism, Andrea Baer, and Gregg Beckham.

The U.S. Department of Energy jointly funded the research through its Advanced Materials and Manufacturing Technologies Office and Bioenergy Technologies Office and their support of the BOTTLE Consortium. Additional research and funding will allow the investigators to build larger blades and to explore more bio-derived formulations.

NREL is the U.S. Department of Energy's primary national laboratory for renewable energy and energy efficiency research and development. NREL is operated for DOE by the Alliance for Sustainable Energy LLC.
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Brain research: Study shows what your favorite film genres reveal about your brain | ScienceDaily
Crime films, action films, comedies, or documentaries? A person's favourite film genre reveals a lot about how their brain works. This is the finding of a new study led by the Martin Luther University Halle-Wittenberg (MLU) that compared data on film preferences with recordings of the brain activity of around 260 people. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favoured documentaries or crime films and thrillers had a significantly weaker reaction. The results were published in the journal Frontiers in Behavioral Neuroscience. 


						
Films are an interesting phenomenon for psychologists. "Films are so fascinating because they not only depict every human emotion, but they also evoke them. Negative emotions, such as anger or fear, play a central role in many films," says Esther Zwiky, a psychologist at MLU. Up until recently, relatively little was known about the connection between film preferences and the processing of negative emotions in the brain.

The researchers investigated this interplay in detail by analysing data from 257 people. As part of a larger study, the respondents also provided information about their film preferences. In addition, the participants' brain activity was analysed using functional magnetic resonance imaging (fMRI). Subjects were shown fearful or angry faces and geometric shapes while lying in an MRI machine. "With this established test, we can measure how the brain processes emotional stimuli," explains Zwiky.

The researchers focused on two areas of the brain. First, the amygdala, which is responsible for processing vital emotions. "The amygdala can trigger a fight-or-flight reaction in response to threats," says Zwiky. The team also investigated the neuronal activity of the nucleus accumbens, known as the reward centre in the brain.

The results were surprising: "We found that fans of action films showed the strongest reactions in both areas. We hadn't expected this, as action films typically provide many stimuli. Thus, it would have made more sense if action fans had been less easy to stimulate," Zwiky continues. However, the results suggest that action film aficionados are particularly susceptible to emotional stimuli and find this stimulation appealing. The team found similar brain activity in the brains of people who preferred comedies. A different picture emerged, however, for fans of crime films or thrillers and documentaries. Here, both areas of the brain reacted significantly less to the emotional stimuli than in the other groups of participants. "It appears that people choose the film genres that most optimally stimulate their brains," concludes Zwiky.
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Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed | ScienceDaily
Whether between galaxies or within doughnut-shaped fusion devices known as tokamaks, the electrically charged fourth state of matter known as plasma regularly encounters powerful magnetic fields, changing shape and sloshing in space. Now, a new measurement technique using protons, subatomic particles that form the nuclei of atoms, has captured details of this sloshing for the first time, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.


						
Scientists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) created detailed pictures of a magnetic field bending outward because of the pressure created by expanding plasma. As the plasma pushed on the magnetic field, bubbling and frothing known as magneto-Rayleigh Taylor instabilities arose at the boundaries, creating structures resembling columns and mushrooms.

Then, as the plasma's energy diminished, the magnetic field lines snapped back into their original positions. As a result, the plasma was compressed into a straight structure resembling the jets of plasma that can stream from ultra-dense dead stars known as black holes and extend for distances many times the size of a galaxy. The results suggest that those jets, whose causes remain a mystery, could be formed by the same compressing magnetic fields observed in this research.

"When we did the experiment and analyzed the data, we discovered we had something big," said Sophia Malko, a PPPL staff research physicist and lead scientist on the paper. "Observing magneto-Rayleigh Taylor instabilities arising from the interaction of plasma and magnetic fields had long been thought to occur but had never been directly observed until now. This observation helps confirm that this instability occurs when expanding plasma meets magnetic fields. We didn't know that our diagnostics would have that kind of precision. Our whole team is thrilled!"

"These experiments show that magnetic fields are very important for the formation of plasma jets," said Will Fox, a PPPL research physicist and principal investigator of the research reported in Physical Review Research. "Now that we might have insight into what generates these jets, we could, in theory, study giant astrophysical jets and learn something about black holes."

PPPL has world-renowned expertise in developing and building diagnostics, sensors that measure properties like density and temperature in plasma in a range of conditions. This achievement is one of several in recent years that illustrates how the Lab is advancing measurement innovation in plasma physics.

Using a new technique to produce unprecedented detail

The team improved a measurement technique known as proton radiography by creating a new variation for this experiment that would allow for extremely precise measurements. To create the plasma, the team shone a powerful laser at a small disk of plastic. To produce protons, they shone 20 lasers at a capsule containing fuel made of varieties of hydrogen and helium atoms. As the fuel heated up, fusion reactions occurred and produced a burst of both protons and intense light known as X-rays.




The team also installed a sheet of mesh with tiny holes near the capsule. As the protons flowed through the mesh, the outpouring was separated into small, separate beams that were bent because of the surrounding magnetic fields. By comparing the distorted mesh image to an undistorted image produced by X-rays, the team could understand how the magnetic fields were pushed around by the expanding plasma, leading to whirl-like instabilities at the edges.

"Our experiment was unique because we could directly see the magnetic field changing over time," Fox said. "We could directly observe how the field gets pushed out and responds to the plasma in a type of tug of war."

Diversifying a research portfolio

The findings exemplify how PPPL is expanding its focus to include research focused on high energy density (HED) plasma. Such plasmas, like the one created in this experiment's fuel capsule, are hotter and denser than those used in fusion experiments. "HED plasma is an exciting area of growth for plasma physics," Fox said. "This work is part of PPPL's efforts to advance this field. The results show how the Laboratory can create advanced diagnostics to give us new insights into this type of plasma, which can be used in laser fusion devices, as well as in techniques that use HED plasma to create radiation for microelectronics manufacturing."

"PPPL has an enormous amount of knowledge and experience in magnetized plasmas that can contribute to the field of laser-produced HED plasmas and help make significant contributions," Fox said.

"HED science is complex, fascinating and key to understanding a wide range of phenomena," said Laura Berzak Hopkins, PPPL's associate laboratory director for strategy and partnerships and deputy chief research officer. "It's incredibly challenging to both generate these conditions in a controlled manner and develop advanced diagnostics for precision measurements. These exciting results demonstrate the impact of integrating PPPL's breadth of technical expertise with innovative approaches."

More experiments and better simulations




The researchers plan to work on future experiments that will help improve models of expanding plasma. "Scientists have assumed that in these situations, density and magnetism vary directly, but it turns out that that's not true," Malko said.

"Now that we have measured these instabilities very accurately, we have the information we need to improve our models and potentially simulate and understand astrophysical jets to a higher degree than before," Malko said. "It's interesting that humans can make something in a laboratory that usually exists in space."

Collaborators included researchers from the University of California-Los Angeles, the Sorbonne University, Princeton University and the University of Michigan. The research was funded by the DOE's Laboratory-Directed Research and Development program under contract number DE-AC02-09CH11466. The experiment was conducted using the University of Rochester's Omega Laser Facility under DOE/National Nuclear Security Administration contract number DE-NA0003856.
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        Neuroscientists explore the intersection of music and memory
        New research explores music's impact on learning, memory, and emotions in two studies. One reveals that familiar music can enhance concentration and learning, while the other demonstrates that music with a strong emotional tone can reshape the quality of existing memories. These findings suggest that music could be used for therapeutic interventions for cognitive function, or in conditions like PTSD and depression.

      

      
        Among Viking societies, Norway was much more violent than Denmark
        A new study sheds light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

      

      
        Ultrasound devise shows promise for treating chronic pain
        Engineers have developed a device that noninvasively stimulates deep brain regions, potentially disrupting the faulty signals that lead to chronic pain. Preliminary trials show the therapy relieves pain after a single treatment.

      

      
        Dark matter could have helped make supermassive black holes in the early universe
        Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form. Astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole. In addition to explaining the existence of very early supermassive black holes, the findi...

      

      
        Bacterial cells transmit memories to offspring
        Bacterial cells can 'remember' brief, temporary changes to their bodies and immediate surroundings, a new study has found. And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

      

      
        Dogs understand words from soundboard buttons
        A new study reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses.

      

      
        Bats are surviving and thriving on nothing but sugar
        New research may enable potential solutions to metabolic disease by turning to evolution and to bats. 'Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats,' said one of the researchers. 'We are seeing a new trait we didn't know was possible.'

      

      
        Study finds limits to storing CO2 underground to combat climate change
        New research has found limits to how quickly we can scale up technology to store gigatons of carbon dioxide under the Earth's surface.

      

      
        Brain research: Study shows what your favorite film genres reveal about your brain
        Crime films, action films, comedies, or documentaries? A person's favorite film genre reveals a lot about how their brain works. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favored documentaries or crime films and thrillers had a significantly weaker reaction.

      

      
        Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed
        Scientists have observed new details of how plasma interacts with magnetic fields, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.

      

      
        New study supports annual breast cancer screening for women over 40
        Women diagnosed with breast cancer who had regular screening mammograms every year were less likely to have late-stage cancer and had higher overall survival than those who received screening every other year or less often, according to new research.

      

      
        Highest-resolution observations yet from the surface of Earth
        Astronomers have achieved the highest resolution ever obtained from the surface of Earth. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. They estimate that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more bla...

      

      
        Pregnancy after sterilization turns out to be surprisingly common
        Tubal sterilization is thought to be a permanent form of birth control and is the most common method of contraception nationally. But a new study reports that tubal surgery fails often enough that some other forms of birth control are usually more effective.

      

      
        Video gaming improves mental well-being, landmark study finds
        A pioneering study titled 'Causal effect of video gaming on mental well-being in Japan 2020-2022,' published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.

      

      
        Hidden magmatism discovered at the Chang'e-6 lunar landing site
        Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrica...

      

      
        Six new rogue worlds: Star birth clues
        The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planet-like masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it. The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

      

      
        Coastal cities must adapt faster to climate change
        Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial.

      

      
        What microscopic fossilized shells tell us about ancient climate change
        By analyzing foram shells recovered in drill cores, study led by geologists links rapid climate change that led to thermal maxima 50 million years ago to rising CO2 levels.

      

      
        First low frequency search for alien technology in distant galaxies
        Researchers have announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. The research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours.

      

      
        Matching dinosaur footprints found on opposite sides of the Atlantic Ocean
        An international team of paleontologists has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.

      

      
        Early galaxies were not too big for their britches after all
        According to a new study, some of the earliest galaxies observed with the James Webb Space Telescope are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are. This helps resolve the debate over whether the size of early galaxies requires a revision of the standard model of cosmology.

      

      
        Why children can't pay attention to the task at hand
        Scientists have learned that children find it hard to focus on a task, and often take in information that won't help them complete their assignment. But the question is, why? In a new study, researchers found that this 'distributed attention' wasn't because children's brains weren't mature enough to understand the task or pay attention, and it wasn't because they were easily distracted and lacked the control to focus. It now appears that kids distribute their attention broadly either out of simpl...

      

      
        Looking for clues about your biological age? Your grandparents' education may offer some insight.
        Eating well, exercising and attending regular doctor appointments can support a long healthy life, but a new study identified one possible factor beyond our control: whether you had a grandparent who went to college.

      

      
        Placebos reduce stress, anxiety, depression -- even when people know they are placebos
        A study found that nondeceptive placebos, or placebos given with people fully knowing they are placebos, effectively manage stress -- even when the placebos are administered remotely.

      

      
        Two epicenters led to Japan's violent Noto earthquake on New Year's Day
        The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a 'dual-initiation mechanism' applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.

      

      
        NASA's DART impact permanently changed the shape and orbit of asteroid moon
        A new study provides insights on the geophysics behind asteroid formation and evolution.

      

      
        Scientists propose guidelines for solar geoengineering research
        To guide future research into solar geoengineering, an international group of scientists is making specific recommendations for evaluating proposals in order to identify the most feasible and legitimate scenarios for stratospheric aerosol intervention.

      

      
        Colorful traits in primates ease tensions between groups
        Primate ornamentation plays a crucial role in communication not only within social groups but also between them, according to a new study. The research reveals that the males of species with overlapping home ranges often display vibrant colors or elaborate features, traits that may help reduce intergroup aggression by enabling quick assessments of potential rivals.

      

      
        Mosquitoes sense infrared from body heat to help track humans down
        While a mosquito bite is often no more than a temporary bother, in many parts of the world it can be scary. One mosquito species, Aedes aegypti, spreads the viruses that cause over 100,000,000 cases of dengue, yellow fever, Zika and other diseases every year. Another, Anopheles gambiae, spreads the parasite that causes malaria. The World Health Organization estimates that malaria alone causes more than 400,000 deaths every year. Indeed, their capacity to transmit disease has earned mosquitoes the...

      

      
        New gels could protect buildings during wildfires
        Researchers have developed a sprayable gel that creates a shield to protect buildings from wildfire damage. It lasts longer and is more effective than existing commercial options.

      

      
        Fisheries research overestimates fish stocks
        The state of fish stocks in the world's ocean is worse than previously thought. While overfishing has long been blamed on fisheries policies that set catch limits higher than scientific recommendations, a new study reveals that even these scientific recommendations were often too optimistic. The result? Far more global fish stocks are overfished or have collapsed than we thought.

      

      
        Mitochondria are flinging their DNA into our brain cells
        A new study finds that mitochondria in our brain cells frequently fling their DNA into the cells' nucleus, where the mitochondrial DNA integrates into chromosomes, possibly causing harm.

      

      
        Physicists shine new light on ultra-fast atomic processes
        Scientists report incredibly small time delays in a molecule's electron activity when the particles are exposed to X-rays. To measure these tiny high-speed events, known as attoseconds, researchers used a laser to generate intense X-ray flashes that allowed them to map the inner workings of an atom.
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Neuroscientists explore the intersection of music and memory | ScienceDaily
The soundtrack of this story begins with a vaguely recognizable and pleasant groove. But if I stop writing and just listen for a second, the music reveals itself completely. In Freddie Hubbard's comfortable, lilting trumpet solo over Herbie Hancock's melodic, repetitive piano vamping, I recognize "Cantaloupe Island." Then, with my fingers again poised at the keyboard, Freddie and Herbie fade into the background, followed by other instrumental music: captivating -- but not distracting -- sonic nutrition, feeding my concentration and productivity.


						
Somewhere, I think, Yiren Ren is studying, focused on her research that demonstrates how music impacts learning and memory. Possibly, she's listening to Norah Jones, or another musician she's comfortable with. Because that's how it works: The music we know and might love, music that feels predictable or even safe -- that music can help us study and learn. Meanwhile, Ren has also discovered, other kinds of music can influence our emotions and reshape old memories.

Ren, a sixth-year Ph.D. student in Georgia Tech's School of Psychology, explores these concepts as the lead author of two new research papers in the journals PLOS Oneand Cognitive, Affective, & Behavioral Neuroscience (CABN).

"These studies are connected because they both explore innovative applications of music in memory modulation, offering insights for both every day and clinical use," says Ren.

But the collective research explores music's impacts in very different ways, explains Ren's faculty advisor and co-author of the study, Thackery Brown.

"One paper looks at how music changes the quality of your memory when you're first forming it -- it's about learning," says Brown, a cognitive neuroscientist who runs the MAP (Memory, Affect, and Planning) Lab at Tech. "But the other study focuses on memories we already have and asks if we can change the emotions attached to them using music."

Making Moods With Music

When we watch a movie with a robust score -- music created to induce emotions -- what we're hearing guides us exactly where the composer wants us to go. In their CABN study, Ren, Brown, and their collaborators from the University of Colorado (including former Georgia Tech Assistant Professor Grace Leslie) report that this kind of "mood music" can also be powerful enough to change how we remember our past.




Their study included 44 Georgia Tech students who listened to film soundtracks while recalling a difficult memory. Ren is quick to point out that this was not a clinical trial, so these participants were not identified as people suffering from mood disorders: "We wanted to start off with a random group of people and see if music has the power to modulate the emotional level of their memories."

Turns out, it does. The participants listened to movie soundtracks and incorporated new emotions into their memories that matched the mood of the music. And the effect was lasting. A day later, when the participants recalled these same memories -- but without musical accompaniment -- their emotional tone still matched the tone of the music played the day before.

The researchers could watch all this happening with fMRI (functional magnetic resonance imaging). They could see the altered brain activity in the study participants, the increased connectivity between the amygdala, where emotions are processed, and other areas of the brain associated with memory and integrating information.

"This sheds light on the malleability of memory in response to music, and the powerful role music can play in altering our existing memories," says Ren.

Ren is herself a multi-instrumentalist who originally planned on being a professional musician. As an undergraduate at Boston University, she pursued a dual major in film production and sound design, and psychology.

She found a way to combine her interests in music and neuroscience and is interested in how music therapy can be designed to help people with mood disorders like post-traumatic stress disorder (PTSD) or depression, "particularly in cases where someone might overexaggerate the negative components of a memory," Ren says.




There is no time machine that will allow us to go back and insert happy music into the mix while a bad event is happening and a memory is being formed, "but we can retrieve old memories while listening to affective music," says Brown. "And perhaps we can help people shift their feelings and reshape the emotional tone attached to certain memories."

Embracing the Familiar

The second study asks a couple of old questions: Should we listen to music while we work or study? And if so, are there more beneficial types of music than others? The answer to both questions might lie, at least partially, within the expansive parameters of personal taste. But even so, there are limits.

Think back to my description of "Cantaloupe Island" at the beginning of this story and how a familiar old jazz standard helped keep this writer's brain and fingers moving. In the same way, Norah Jones helps Ren when she's working on new research around music and memory. But if, for some reason, I wanted to test my concentration, I'd play a different kind of jazz, maybe 1950s bebop with its frenetic pace and off-center tone, or possibly a chorus of screeching cats. Same effect. It would demand my attention, and no work would get done.

For this study, Ren combined her gifts as a musician and composer with her research interests in examining whether music can improve -- or impair -- our ability to learn or remember new information. "We wanted to probe music's potential as a mnemonic device that helps us remember information more easily," she says. (An example of a mnemonic device is "Every Good Boy Does Fine," which stands for E-G-B-D-F and helps new piano players learn the order of notes on a keyboard.)

This study's 48 participants were asked to learn sequences of abstract shapes while listening to different types of music. Ren played a piece of music, in a traditional or familiar pattern of tone, rhythm, and melody. She then played the exact same set of notes, but out of order, giving the piece an atonal structure.

When they listened to familiar, predictable music, participants learned and remembered the sequences of shapes quicker as their brains created a structured framework, or scaffold, for the new information. Meanwhile, music that was familiar but irregular (think of this writer and the bebop example) made it harder for participants to learn.

"Depending its familiarity and structure, music can help or hinder our memory," says Ren, who wants to deepen her focus on the neural mechanisms through which music influences human behavior.

She plans to finish her Ph.D. studies this December and is seeking postdoctoral research positions that will allow her to continue the work she's started at Georgia Tech. Building on that, Ren wants to develop music-based therapies for conditions like depression or PTSD, while also exploring new rehabilitation strategies for aging populations and individuals with dementia.

"These early studies reveal that music can both help and hinder our memory, depending on its familiarity and structure," Ren says. "I'm excited to bring together my lifelong love of music with my interest in human memory. Because I think the next phase of my research could provide valuable evidence to support the development of music-based interventions for mental health and cognitive function."
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Among Viking societies, Norway was much more violent than Denmark | ScienceDaily
Rates of violence in Viking Age Norway and Denmark were long believed to be comparable. A team of researchers including University of South Florida sociologist David Jacobson challenges that assumption.


						
Their findings show that interpersonal violence -- violence not meted out as punishment by authorities -- was much more common in Norway. This is evident in the much greater rates of trauma on skeletons and the extent of weaponry in Norway. The study, published in the Journal of Anthropological Archaeology, sheds new light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

Jacobson is part of an interdisciplinary team that combined archaeology and sociology along with the study of skeletons and of runestones -- raised stones bearing inscriptions -- to reveal key differences in how violence, social hierarchies and authority influenced these dynamics in the two regions. The other scholars on the team are from Norway and Germany.

"The interdiscipilinary approach taken in this study shows us how social and political patterns can be revealed, even when there are a paucity of written sources," Jacobson said.

Norway: A More Violent Society?

Researchers analyzed skeletal remains from Viking Age Norway and Denmark and found that 33% of the Norwegian skeletons showed healed injuries, indicating that violent encounters weren't uncommon. By comparison, 37% of the skeletons showed signs of lethal trauma, highlighting the frequent and often fatal use of weapons in Norway.

A notable feature in Norway was the presence of weapons, particularly swords, alongside skeletons in graves. The study identified more than 3,000 swords from the Late Iron Age and Viking periods in Norway, with just a few dozen in Denmark. These findings suggest weapons played a significant role in Norwegian Viking identity and social status -- further emphasizing the culture's connection to violence.




Denmark: Steeper Social Hierarchies and Controlled Violence

In Denmark, the findings show a different pattern. Danish society was more centralized, with clearer social hierarchies and stronger central authority. Violence was more organized and controlled, often linked to official executions rather than acts of personal violence.

For example, skeletal remains in Denmark showed fewer signs of weapon-related injuries but included evidence of executions such as decapitations. Skeletal evidence suggests about 6% of Viking Danes died violently, almost all from executions.

Denmark's more structured society also had a smaller percentage of graves containing weapons than Norway's. Instead, social order was maintained through political control, reflected in the construction of large earthworks and fortifications. These monumental structures, particularly during the reign of King Harald Bluetooth in the 10th century, demonstrated Denmark's greater capacity for coordinated labor and more organized social hierarchies.

Why the Differences?

The study suggests that Denmark's more rigid social structure meant that violence was less frequent but more systematically enforced through official channels, such as executions. Meanwhile, Norway's more decentralized society experienced more peer-to-peer violence, as indicated by the higher levels of trauma found in skeletons.




The findings also support the broader theory that stronger authority and steeper social hierarchies can reduce the overall levels of violence in a society by centralizing the use of force under official control.

"The findings of these patterns suggest that we are talking of distinct societies in the regions of Norway and Denmark," Jacobson said. "This is quite striking, as the assumption has been that socially Viking Scandanavia was largely a singular space."

Broader Implications

The research contributes to a growing body of work that explores how social structures influenced violence in historical societies. Similar patterns have been observed in other parts of the world, such as the Andes region of South America and in areas of North America, where less centralized societies also experienced higher levels of violence.

Jacobson said he hopes the study "is a step towards a new explanatory model, especially when written sources from the period are partial or even nonexistent."

Note: Scholars from the University of Oslo, Deutscher Verband fur Archaologie in Germany and the Norwegian University of Science and Technology also were part of the research team.
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Ultrasound devise shows promise for treating chronic pain | ScienceDaily
Pain is a necessary biological signal, but a variety of conditions can cause those signals to go awry. For people with chronic pain, the root is often faulty signals emerging deep within the brain, giving false alarms about a wound that has since healed, a limb that has since been amputated, or other intricate, hard-to-explain scenarios.


						
Patients with this kind of life-altering pain are constantly looking for new treatment options; now a new device from the University of Utah may represent a practical long-sought solution.

Researchers at the university's John and Marcia Price College of Engineering and Spencer Fox Eccles School of Medicine have published promising findings about an experimental therapy that has given many participants relief after a single treatment session. They are now recruiting participants for a final round of trials.

At the core of this research is Diadem, a new biomedical device that uses ultrasound to noninvasively stimulate deep brain regions, potentially disrupting the faulty signals that lead to chronic pain.

The findings from a recent clinical trial are published in the journal Pain. This study constitutes a translation of two previous studies, published in Nature Communications Engineering and IEEE Transactions on Biomedical Engineering, which describe the unique features and characteristics of the device and demonstrate its efficacy.

The study was conducted by Jan Kubanek, a professor in Price's Department of Biomedical Engineering, and Thomas Riis, a postdoctoral researcher in his lab. They collaborated with Akiko Okifuji, professor of Anesthesiology in the School of Medicine, as well as Daniel Feldman, graduate student in the departments of Biomedical Engineering and Psychiatry, and laboratory technician Adam Losser.

The randomized sham-controlled study recruited 20 participants with chronic pain, who each experienced two 40-minute sessions with Diadem, receiving either real or sham ultrasound stimulation. Patients described their pain a day and a week after their sessions, with 60% of the experimental group receiving real treatment reporting a clinical meaningful reduction in symptoms at both points.




"We were not expecting such strong and immediate effects from only one treatment," Riis said.

"The rapid onset of the pain symptom improvements as well as their sustained nature are intriguing, and open doors for applying these noninvasive treatments to the many patients who are resistant to current treatments," Kubanek added.

Diadem's approach is based on neuromodulation, a therapeutic technique that seeks to directly regulate the activity of certain brain circuits. Other neuromodulation approaches are based on electric currents and magnetic fields, but those methods cannot selectively reach the brain structure investigated in the researchers' recent trial: the anterior cingulate cortex.

After an initial functional MRI scan to map the target region, the researchers adjusted Diadem's ultrasound emitters to correct for the way the waves deflect off the skull and other brain structures. This procedure was published in Nature Communications Engineering.

The team is now preparing for a Phase 3 clinical trial, the final step before approval from the Food and Drug Administration to use Diadem as a treatment for the general public.

"If you or your relatives suffer from chronic pain that does not respond to treatments, please reach out to us; we need to recruit many participants so that these treatments can be approved for the general public," Kubanek said. "With your help, we think chronic pain can be effectively silenced. And with new pain treatment options, we can tackle the opioid crisis, too."
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Dark matter could have helped make supermassive black holes in the early universe | ScienceDaily
Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.


						
It takes a long time for supermassive black holes, like the one at the center of our Milky Way galaxy, to form. Typically, the birth of a black hole requires a giant star with the mass of at least 50 of our suns to burn out -- a process that can take a billion years -- and its core to collapse in on itself.

Even so, at only about 10 solar masses, the resulting black hole is a far cry from the 4 million-solar-masses black hole, Sagittarius A*, found in our Milky Way galaxy, or the billion-solar-mass supermassive black holes found in other galaxies. Such gigantic black holes can form from smaller black holes by accretion of gas and stars, and by mergers with other black holes, which take billions of years.

Why, then, is the James Webb Space Telescope discovering supermassive black holes near the beginning of time itself, eons before they should have been able to form? UCLA astrophysicists have an answer as mysterious as the black holes themselves: Dark matter kept hydrogen from cooling long enough for gravity to condense it into clouds big and dense enough to turn into black holes instead of stars. The finding is published in the journal Physical Review Letters.

"How surprising it has been to find a supermassive black hole with a billion solar mass when the universe itself is only half a billion years old," said senior author Alexander Kusenko, a professor of physics and astronomy at UCLA. "It's like finding a modern car among dinosaur bones and wondering who built that car in the prehistoric times."

Some astrophysicists have posited that a large cloud of gas could collapse to make a supermassive black hole directly, bypassing the long history of stellar burning, accretion and mergers. But there's a catch: Gravity will, indeed, pull a large cloud of gas together, but not into one large cloud. Instead, it gathers sections of the gas into little halos that float near each other but don't form a black hole.

The reason is because the gas cloud cools too quickly. As long as the gas is hot, its pressure can counter gravity. However, if the gas cools, pressure decreases, and gravity can prevail in many small regions, which collapse into dense objects before gravity has a chance to pull the entire cloud into a single black hole.




"How quickly the gas cools has a lot to do with the amount of molecular hydrogen," said first author and doctoral student Yifan Lu. "Hydrogen atoms bonded together in a molecule dissipate energy when they encounter a loose hydrogen atom. The hydrogen molecules become cooling agents as they absorb thermal energy and radiate it away. Hydrogen clouds in the early universe had too much molecular hydrogen, and the gas cooled quickly and formed small halos instead of large clouds."

Lu and postdoctoral researcher Zachary Picker wrote code to calculate all possible processes of this scenario and discovered that additional radiation can heat the gas and dissociate the hydrogen molecules, altering how the gas cools.

"If you add radiation in a certain energy range, it destroys molecular hydrogen and creates conditions that prevent fragmentation of large clouds," Lu said.

But where does the radiation come from?

Only a very tiny portion of matter in the universe is the kind that makes up our bodies, our planet, the stars and everything else we can observe. The vast majority of matter, detected by its gravitational effects on stellar objects and by the bending of light rays from distant sources, is made of some new particles, which scientists have not yet identified.

The forms and properties of dark matter are therefore a mystery that remains to be solved. While we don't know what dark matter is, particle theorists have long speculated that it could contain unstable particles which can decay into photons, the particles of light. Including such dark matter in the simulations provided the radiation needed for the gas to remain in a large cloud while it is collapsing into a black hole.

Dark matter could be made of particles that slowly decay, or it could be made of more than one particle species: some stable and some that decay at early times. In either case, the product of decay could be radiation in the form of photons, which break up molecular hydrogen and prevent hydrogen clouds from cooling too quickly. Even very mild decay of dark matter yielded enough radiation to prevent cooling, forming large clouds and, eventually, supermassive black holes.

"This could be the solution to why supermassive black holes are found very early on," Picker said. "If you're optimistic, you could also read this as positive evidence for one kind of dark matter. If these supermassive black holes formed by the collapse of a gas cloud, maybe the additional radiation required would have to come from the unknown physics of the dark sector."

Key takeaways
    	Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.
    	UCLA astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole.
    	In addition to explaining the existence of very early supermassive black holes, the finding lends support for the existence of a kind of dark matter capable of decaying into particles such as photons.
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Bacterial cells transmit memories to offspring | ScienceDaily
Bacterial cells can "remember" brief, temporary changes to their bodies and immediate surroundings, a new Northwestern University and University of Texas-Southwestern study has found.


						
And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

Not only does this discovery challenge long-held assumptions of how the simplest organisms transmit and inherit physical traits, it also could be leveraged for new medical applications. For example, researchers could circumvent antibiotic resistance by subtly tweaking a pathogenic bacterium to render its offspring more sensitive to treatment for generations.

The study will be published Wednesday (Aug. 28) in the journal Science Advances.

"A central assumption in bacterial biology is that heritable physical characteristics are determined primarily by DNA," said Northwestern's Adilson Motter, the study's senior author. "But, from the perspective of complex systems, we know that information also can be stored at the level of the network of regulatory relationships among genes. We wanted to explore whether there are characteristics transmitted from parents to offspring that are not encoded in DNA, but rather in the regulatory network itself. We found that temporary changes to gene regulation imprint lasting changes within the network that are passed on to the offspring. In other words, the echoes of changes affecting their parents persist in the regulatory network while the DNA remains unchanged."

Motter is the Charles E. and Emma H. Morrison Professor of Physics at Northwestern's Weinberg College of Arts and Sciences and director of the Center for Network Dynamics. The study's co-first authors are postdoctoral fellow Thomas Wytock and graduate student Yi Zhao, who are both members of Motter's laboratory. The study also involves a collaboration with Kimberly Reynolds, a systems biologist at the University of Texas Southwestern Medical Center.

Learning from a model organism

Since researchers first identified the molecular underpinnings of genetic code in the 1950s, they have assumed traits are primarily -- if not exclusively -- transmitted through DNA. However, after the completion of the Human Genome Project in 2001, researchers have revisited this assumption.




Wytock cites the World War II Dutch famine as a famous example pointing to the possibility of heritable, non-genetic traits in humans. A recent study showed that the children of men, who were exposed to the famine in utero, exhibited an increased tendency to become overweight as adults. But isolating the ultimate causes for this type of non-genetic inheritance in humans has proved challenging.

"In the case of complex organisms, the challenge lies in disentangling confounding factors such as survivor bias," Motter said. "But perhaps we can isolate the causes for the simplest single-cell organisms, since we can control their environment and interrogate their genetics. If we observe something in this case, we can attribute the origin of non-genetic inheritance to a limited number of possibilities -- in particular, changes in gene regulation."

The regulatory network is analogous to a communication network that genes use to influence each other. The research team hypothesized that this network alone could hold the key to transmitting traits to offspring. To explore this hypothesis, Motter and his team turned to Escherichia coli (E. coli), a common bacterium and well-studied model organism.

"In the case of E. coli, the entire organism is a single cell," Wytock said. "It has many fewer genes than a human cell, some 4,000 genes as opposed to 20,000. It also lacks the intracellular structures known to underlie the persistence of DNA organization in yeast and the multiplicity of cell types in higher organisms.Because E. coli is a well-studied model organism, we know the organization of the gene regulatory network in some detail."

Reversible stress, irreversible change

The research team used a mathematical model of the regulatory network to simulate the temporary deactivation (and subsequent reactivation) of individual genes in E. coli. They discovered these transient perturbations can generate lasting changes, which are projected to be inherited for multiple generations. The team currently is working to validate their simulations in laboratory experiments using a variation of CRISPR that deactivates genes temporarily rather than permanently.




But if the changes are encoded in the regulatory network rather than the DNA, the research team questioned how a cell can transmit them across generations. They propose that the reversible perturbation sparks an irreversible chain reaction within the regulatory network. As one gene deactivates, it affects the gene next to it in the network. By the time the first gene is reactivated, the cascade is already in full swing because the genes can form self-sustaining circuits that become impervious to outside influences once activated.

"It's a network phenomenon," said Motter, who is an expert in the dynamic behaviors of complex systems. "Genes interact with each other. If you perturb one gene, it affects others."

Although his team is deactivating genes to test the hypothesis, Motter is clear that different types of perturbations could cause a similar effect. "We also could have changed the cell's environment," he said. "It could be the temperature, the availability of nutrients or the pH."

The study also suggests that other organisms have the necessary elements to exhibit non-genetic heritability. "In biology, it's dangerous to assume anything is universal," Motter contends. "But, intuitively, I do expect the effect to be common because E. coli'sregulatory network is similar or simpler than those found in other organisms."

The study, "Irreversibility in bacterial regulatory networks," was supported by the National Science Foundation (award number MCB-2206974).
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Dogs understand words from soundboard buttons | ScienceDaily
If you've seen those viral social media videos of dogs using soundboard buttons to "talk," you're not alone. These buttons have taken the pet world by storm, leading to impressive and sometimes seemingly miraculous feats shared across platforms like TikTok and Instagram. But are these dogs truly communicating, or are they just responding to cues from their owners?


						
Now, a new study published in PLOS ONE -- by researchers from the University of California San Diego and other institutions -- reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses. Led by Federico Rossano, associate professor in the Department of Cognitive Science at UC San Diego and head of the Comparative Cognition Lab, this is the first empirical study emerging from the world's largest longitudinal project on button-trained pets.

Rossano, who is also featured in the popular new Netflix documentary "Inside the Mind of a Dog," emphasizes that this research is just one step in his lab's ongoing investigation of interspecies communication.

Key findings: The study shows that dogs trained to use soundboards responded appropriately to words like "play" and "outside," regardless of whether the words were spoken by their owners or triggered by pressing a button, as well as whether the buttons were pressed by the owner or an unrelated person. This suggests that dogs are not merely "reading" their owners' body language or presence but are indeed processing the words.

"This study addresses public skepticism about whether dogs truly understand what the buttons mean," said Rossano. "Our findings are important because they show that words matter to dogs, and that they respond to the words themselves, not just to associated cues."

The research involved two complementary experiments. The first was conducted in person, with researchers visiting 30 dogs' homes across the country to test their responses to soundboard buttons. The second experiment utilized citizen science, where 29 dog owners conducted the trials themselves at home under remote guidance.

The study's methodology was rigorously pre-registered, ensuring transparency and replicability. This pre-registration, which is publicly available online, outlines the study's hypotheses, data collection methods, variables, and analysis plans before any data was collected. This process, Rossano explained, enhances accountability, reduces the risk of cherry-picking results, and aligns with a growing movement in cognitive science and psychology to increase scientific rigor and reduce the likelihood of bias or fraud.




Rossano added, "We're just scratching the surface in this study. Future studies explore how dogs actively use these buttons, including the meaning and systematicity behind sequences of button presses. Our research underscores the importance of studying animals in their home environment, providing a more ecologically valid understanding of their abilities."

This study is part of a larger, ongoing research project involving thousands of participants worldwide. Upcoming research will delve deeper into how dogs spontaneously use soundboard buttons, further illuminating the complexities of dog cognition and communication.

The paper's first author is Amalia Bastos, a former postdoc at UC San Diego now a postdoc at Johns Hopkins University. The study was also conducted in collaboration with researchers from UC Davis, University of St. Andrews, Universitat de Valencia, and the University of Veterinary Medicine Vienna. The study data was collected in 2022 during the Omicron surge of the COVID-19 pandemic, with participants generously opening their homes to researchers, highlighting the growing public interest and engagement in citizen science.

This research was supported in part by a UC San Diego Academic Senate Research Grant (RG103503).
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Bats are surviving and thriving on nothing but sugar | ScienceDaily
Humans must regulate blood sugar concentrations to stay healthy and to fuel our cells. Too little or too much can cause serious health complications, and high blood sugar is a hallmark of the metabolic condition, diabetes. New research from the Stowers Institute for Medical Research may enable potential solutions to metabolic disease by turning to evolution and to bats.


						
Recently published in Nature Ecology and Evolution on August 28, 2024, the study led by co-first authors Postdoctoral Research Associate Jasmin Camacho, Ph.D., and former Stowers researcher Andrea Bernal-Rivera from the lab of Stowers Associate Investigator Nicolas Rohner, Ph.D., reports the highest naturally occurring blood sugar concentrations in mammals ever observed, a finding that suggests bats have evolved strategies to survive, and even thrive, with this extreme trait.

"Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats," said Camacho. "We are seeing a new trait we didn't know was possible."

Thirty million years ago, the Neotropical leaf-nosed bat survived solely on insects. Since then, these bats have diversified into many different species by changing what they eat. From insects, different lineages now specialize on diets ranging from fruits, nectar, meat, and everything in between -- even just blood.

"Looking to animals that have existed for millions of years allows us to start to catalog changes that have happened over evolution," said Camacho. "What makes Neotropical leaf-nosed bats so unique to study is that this group is comprised of many different species with very diverse diets, making it feasible to find answers about how diet evolves. The hope is that we can extend this understanding to other mammals, including humans, where there may be ways to learn how to better protect our own health."

To uncover how bats diversified their diets, the team traveled to the jungles of Central America, South America, and the Caribbean to conduct fieldwork over several years. These catch-and-release expeditions were focused on performing glucose tolerance tests -- measuring the concentration of sugar in blood -- on nearly 200 wild-caught bats across 29 species after a single feeding of one of three types of sugars associated with diets of insects, fruits, or nectar.

"We saw various ways sugar is assimilated -- absorbed, stored and used in the body -- and how this process has become specialized due to different diets," said Bernal-Rivera.




The mechanism for maintaining blood sugar levels within a narrow, healthy range is called glucose homeostasis, which is typically regulated by the hormone insulin and is what goes awry in diabetes. Different species of leaf-nosed bats reveal a spectrum of adaptations to glucose homeostasis, ranging from changes in intestinal anatomy to genetic alterations for proteins that transport sugar from blood to cells.

"Fruit bats have honed their insulin signaling pathway to lower blood sugar," said Camacho. "On the other extreme, nectar bats can tolerate high blood glucose levels, similar to what is observed in people with unregulated diabetes. They have evolved a different mechanism, and it does not seem to depend on insulin."

Although precisely how nectar bats are managing glucose is still under investigation, the researchers found potential clues for alternative metabolic strategies for glucose regulation. Bats with sugar-rich diets were observed to have longer portions of their intestines and to have intestinal cells with greater surface areas for absorbing nutrients from food, compared to bats with other diets. In addition, nectar bats, unique from fruit bats, have a continual expression of a gene responsible for sugar transport, a trait also observed in a species of hummingbird.

"This study establishes extremely important resources for the field," said Nadav Ahituv, Ph.D., a bioengineering and genetics professor at the University of California, San Francisco. "It provides not only metabolic characteristics of various bat species with different diets, but also their intestinal morphology, and candidate genomic regions and protein structural differences that could be driving dietary adaptations."

"The datasets will fuel future research that aims to differentiate mammalian dietary differences and could progress the development of novel therapeutics for a variety of metabolic diseases in humans," said Ahituv.

Additional authors include Valentina Pena, Sofia Robb, Ph.D., Jonathon Russell, Kexi Yi, Ph.D., Yongfu Wang, Ph.D., Dai Tsuchiya, Ph.D., and Oscar Murillo-Garcia, Ph.D. 

This work was supported by the National Science Foundation's Postdoctoral Research Fellowships in Biology (award: 2109717), the Burroughs Wellcome Fund Postdoctoral Diversity Enrichment Program (award: G-1022339), the Howard Hughes Medical Institute Hanna H. Gray Fellows Program (award: GT15991), and by institutional support from the Stowers Institute for Medical Research. A portion of fieldwork performed for this study was supported by Contribucion a la conservacion del Bosque seco Tropical del Valle del Cauca (CVC permit: 1122) from the Institute for Research and Preservation of the Cultural and Natural Heritage of Valle del Cauca. 
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Study finds limits to storing CO2 underground to combat climate change | ScienceDaily
Imperial research has found limits to how quickly we can scale up technology to store gigatonnes of carbon dioxide under the Earth's surface.


						
Current international scenarios for limiting global warming to less than 1.5 degrees by the end of the century rely on technologies that remove carbon dioxide (CO2) from the Earth's atmosphere faster than humans release it. This means removing CO2 at a rate of 1-30 gigatonnes per year by 2050.

However, estimates for the speed at which these technologies can be deployed have been highly speculative. Now, findings from a new study led by Imperial College London researchers show that existing projections are unlikely to be feasible at the current rate of growth.

The study found that it might be possible by 2050 to store up to 16 gigatonnes of CO2 underground each year. However, reaching this target would require a huge increase in storage capacity and scaling over the coming decades, which is not anticipated given the current pace of investment, development and deployment.

With the UK Government aiming to position Britain as a clean energy superpower and scale up and invest in carbon capture and storage, the study underscores the importance of aligning ambitious initiatives with realistic objectives for how quickly CO2 can be safely stored underground.

The results are published today in Nature Communications.

Realistic goals

The team from Imperial's Department of Earth Science and Engineering created models showing how quickly carbon storage systems can be developed and deployed, accounting for the availability of suitable geology, and technical and economic limitations to growth.




While the results suggest it is possible to reduce CO2 emissions at a huge scale, they also suggest that the path to achieving this and the contribution from key regions might differ from what current models project, including those from Intergovernmental Panel on Climate Change (IPCC) reports.

Lead author Yuting Zhang, from Imperial's Department of Earth Science and Engineering, said: "There are many factors at play in these projections, including the speed at which reservoirs can be filled as well as other geological, geographical, economic, technological, and political issues. However, more accurate models like the ones we have developed will help us understand how uncertainty in storage capacity, variations in institutional capacity across regions, and limitations to development might affect climate plans and targets set by policymakers."

Co-author Dr Samuel Krevor, also from Imperial's Department of Earth Science and Engineering, said: "Although storing between six to 16 gigatonnes of CO2 per year to tackle climate change is technically possible, these high projections are much more uncertain than lower ones. This is because there are no existing plans from governments or international agreements to support such a large-scale effort.

"However, it's important to keep in mind that five gigatonnes of carbon going into the ground is still a major contribution to climate change mitigation. Our models provide the tools to update current projections with realistic goals for how and where carbon storage should be developed in the next few decades."

Existing projections unlikely to be feasible

In their analysis, the researchers found that the IPCC included results from integrated assessment models (IAMs) -- tools combining different sources of information to predict how carbon storage methods can impact our climate and economy -- that often overestimate how much CO2 can be stored underground.




In particular, the analysis suggests that projections from IPCC reports for Asian countries including China, Indonesia and South Korea, where current development is low, assumed unrealistic rates of deployment -- which means existing projections are unlikely and unreliable.

Co-author Professor Christopher Jackson, also from Imperial's Department of Earth Science and Engineering, said: "While integrated assessment models play an important role in helping climate policymakers make decisions, some of the assumptions they make when it comes to storing large amounts of carbon underground appear unrealistic."

Global benchmark

The team's calculations suggest that a more realistic global benchmark is in the range of 5-6 gigatonnes of storage per year by 2050. This estimate aligns with how existing, similar technologies have been scaled up over time.

Their modelling approach uses growth patterns observed in real-world data from different industries, including mining and renewable energy. By looking at how these industries have grown in the past, and combining existing amounts of stored CO2 with a flexible framework to explore different scenarios, the new approach offers a reliable way to make attainable, long-term projections for underground CO2 storage and could be a valuable tool for policymakers.

Dr Krevor said: "Our study is the first to apply growth patterns from established industries to CO2 storage. Existing predictions rely on speculative assumptions, but by using historical data and trends from other sectors within the industry, our new model offers a more realistic and practical approach for predicting how quickly carbon storage can be scaled up -- helping us set more attainable targets."

This study was funded by Engineering & Physical Sciences Research Council (EPSRC, part of UK Research and Innovation, UKRI) and the Royal Academy of Engineering.
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Brain research: Study shows what your favorite film genres reveal about your brain | ScienceDaily
Crime films, action films, comedies, or documentaries? A person's favourite film genre reveals a lot about how their brain works. This is the finding of a new study led by the Martin Luther University Halle-Wittenberg (MLU) that compared data on film preferences with recordings of the brain activity of around 260 people. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favoured documentaries or crime films and thrillers had a significantly weaker reaction. The results were published in the journal Frontiers in Behavioral Neuroscience. 


						
Films are an interesting phenomenon for psychologists. "Films are so fascinating because they not only depict every human emotion, but they also evoke them. Negative emotions, such as anger or fear, play a central role in many films," says Esther Zwiky, a psychologist at MLU. Up until recently, relatively little was known about the connection between film preferences and the processing of negative emotions in the brain.

The researchers investigated this interplay in detail by analysing data from 257 people. As part of a larger study, the respondents also provided information about their film preferences. In addition, the participants' brain activity was analysed using functional magnetic resonance imaging (fMRI). Subjects were shown fearful or angry faces and geometric shapes while lying in an MRI machine. "With this established test, we can measure how the brain processes emotional stimuli," explains Zwiky.

The researchers focused on two areas of the brain. First, the amygdala, which is responsible for processing vital emotions. "The amygdala can trigger a fight-or-flight reaction in response to threats," says Zwiky. The team also investigated the neuronal activity of the nucleus accumbens, known as the reward centre in the brain.

The results were surprising: "We found that fans of action films showed the strongest reactions in both areas. We hadn't expected this, as action films typically provide many stimuli. Thus, it would have made more sense if action fans had been less easy to stimulate," Zwiky continues. However, the results suggest that action film aficionados are particularly susceptible to emotional stimuli and find this stimulation appealing. The team found similar brain activity in the brains of people who preferred comedies. A different picture emerged, however, for fans of crime films or thrillers and documentaries. Here, both areas of the brain reacted significantly less to the emotional stimuli than in the other groups of participants. "It appears that people choose the film genres that most optimally stimulate their brains," concludes Zwiky.
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Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed | ScienceDaily
Whether between galaxies or within doughnut-shaped fusion devices known as tokamaks, the electrically charged fourth state of matter known as plasma regularly encounters powerful magnetic fields, changing shape and sloshing in space. Now, a new measurement technique using protons, subatomic particles that form the nuclei of atoms, has captured details of this sloshing for the first time, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.


						
Scientists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) created detailed pictures of a magnetic field bending outward because of the pressure created by expanding plasma. As the plasma pushed on the magnetic field, bubbling and frothing known as magneto-Rayleigh Taylor instabilities arose at the boundaries, creating structures resembling columns and mushrooms.

Then, as the plasma's energy diminished, the magnetic field lines snapped back into their original positions. As a result, the plasma was compressed into a straight structure resembling the jets of plasma that can stream from ultra-dense dead stars known as black holes and extend for distances many times the size of a galaxy. The results suggest that those jets, whose causes remain a mystery, could be formed by the same compressing magnetic fields observed in this research.

"When we did the experiment and analyzed the data, we discovered we had something big," said Sophia Malko, a PPPL staff research physicist and lead scientist on the paper. "Observing magneto-Rayleigh Taylor instabilities arising from the interaction of plasma and magnetic fields had long been thought to occur but had never been directly observed until now. This observation helps confirm that this instability occurs when expanding plasma meets magnetic fields. We didn't know that our diagnostics would have that kind of precision. Our whole team is thrilled!"

"These experiments show that magnetic fields are very important for the formation of plasma jets," said Will Fox, a PPPL research physicist and principal investigator of the research reported in Physical Review Research. "Now that we might have insight into what generates these jets, we could, in theory, study giant astrophysical jets and learn something about black holes."

PPPL has world-renowned expertise in developing and building diagnostics, sensors that measure properties like density and temperature in plasma in a range of conditions. This achievement is one of several in recent years that illustrates how the Lab is advancing measurement innovation in plasma physics.

Using a new technique to produce unprecedented detail

The team improved a measurement technique known as proton radiography by creating a new variation for this experiment that would allow for extremely precise measurements. To create the plasma, the team shone a powerful laser at a small disk of plastic. To produce protons, they shone 20 lasers at a capsule containing fuel made of varieties of hydrogen and helium atoms. As the fuel heated up, fusion reactions occurred and produced a burst of both protons and intense light known as X-rays.




The team also installed a sheet of mesh with tiny holes near the capsule. As the protons flowed through the mesh, the outpouring was separated into small, separate beams that were bent because of the surrounding magnetic fields. By comparing the distorted mesh image to an undistorted image produced by X-rays, the team could understand how the magnetic fields were pushed around by the expanding plasma, leading to whirl-like instabilities at the edges.

"Our experiment was unique because we could directly see the magnetic field changing over time," Fox said. "We could directly observe how the field gets pushed out and responds to the plasma in a type of tug of war."

Diversifying a research portfolio

The findings exemplify how PPPL is expanding its focus to include research focused on high energy density (HED) plasma. Such plasmas, like the one created in this experiment's fuel capsule, are hotter and denser than those used in fusion experiments. "HED plasma is an exciting area of growth for plasma physics," Fox said. "This work is part of PPPL's efforts to advance this field. The results show how the Laboratory can create advanced diagnostics to give us new insights into this type of plasma, which can be used in laser fusion devices, as well as in techniques that use HED plasma to create radiation for microelectronics manufacturing."

"PPPL has an enormous amount of knowledge and experience in magnetized plasmas that can contribute to the field of laser-produced HED plasmas and help make significant contributions," Fox said.

"HED science is complex, fascinating and key to understanding a wide range of phenomena," said Laura Berzak Hopkins, PPPL's associate laboratory director for strategy and partnerships and deputy chief research officer. "It's incredibly challenging to both generate these conditions in a controlled manner and develop advanced diagnostics for precision measurements. These exciting results demonstrate the impact of integrating PPPL's breadth of technical expertise with innovative approaches."

More experiments and better simulations




The researchers plan to work on future experiments that will help improve models of expanding plasma. "Scientists have assumed that in these situations, density and magnetism vary directly, but it turns out that that's not true," Malko said.

"Now that we have measured these instabilities very accurately, we have the information we need to improve our models and potentially simulate and understand astrophysical jets to a higher degree than before," Malko said. "It's interesting that humans can make something in a laboratory that usually exists in space."

Collaborators included researchers from the University of California-Los Angeles, the Sorbonne University, Princeton University and the University of Michigan. The research was funded by the DOE's Laboratory-Directed Research and Development program under contract number DE-AC02-09CH11466. The experiment was conducted using the University of Rochester's Omega Laser Facility under DOE/National Nuclear Security Administration contract number DE-NA0003856.
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New study supports annual breast cancer screening for women over 40 | ScienceDaily
Women diagnosed with breast cancer who had regular screening mammograms every year were less likely to have late-stage cancer and had higher overall survival than those who received screening every other year or less often, according to new research from the University of Pittsburgh and UPMC published in the Journal of Clinical Oncology.


						
"Only about 65% of women over age 40 are screened for breast cancer, and only about half of those women are getting annual screening -- in part because of conflicting guidelines about recommended screening intervals," said lead author Margarita Zuley, M.D., professor and chief of the Division of Breast Imaging in the Department of Radiology at Pitt and UPMC. "Our study shows that there is a significant benefit for annual screening over biennial screening, including in premenopausal women."

While many clinical trials have demonstrated the benefits of mammography screening for breast cancer, guidelines differ on how often women should be screened. The American College of Radiology and several other organizations advise annual screening after age 40, whereas the U.S. Preventive Services Task Force recommends biennial screening from age 40.

Because the U.S. does not have a national breast cancer registry, Zuley and her team recently developed a large institutional database to better understand real-world outcomes for breast cancer patients.

To gain more evidence on optimal mammography screening intervals, the researchers used this database to compare 8,145 breast cancer patients who had at least one mammogram on record prior to diagnosis. The screening interval was considered annual if the time between mammograms was less than 15 months, biennial if between 15 and 27 months, and intermittent if greater than 27 months.

The percentage of late-stage cancers -- TNM stage IIB or worse -- was 9%, 14% and 19% for annual, biennial and intermittent screening groups, respectively. Biennial and intermittent groups had substantially worse overall survival than the annual group.

"The percentage of late-stage cancers increased significantly with increased screening intervals," said Zuley. "Annual mammograms are crucial for early detection of breast cancer, which increases the likelihood of survival, decreases harms to patients because treatment may not need to be as intense, makes recovery easier and can lower the cost of care."

One concern with more frequent mammograms is the increased risk of false positives, leading to unnecessary biopsies and anxiety.




"We recognize that there are potential harms associated with calling women back for additional screening, but I don't think that these harms outweigh the risk of missing cancers and women dying as a result," said Zuley. "We're also working on testing screening tools that have lower false positives than mammography and pushing on every front to identify the most cost-effective and accurate way of taking care of our patients."

Other authors on the study were Andriy Bandos, Ph.D., Durwin Logue, Rohit Bhargava, M.D., Priscilla McAuliffe, M.D., Ph.D., Adam Brufsky, M.D., Ph.D., and Robert M. Nishikawa, Ph.D., all of Pitt and UPMC; and Stephen Duffy, Ph.D., of Queen Mary University of London.

This research was supported in part by the National Cancer Institute (P30CA047904).
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Highest-resolution observations yet from the surface of Earth | ScienceDaily
The Event Horizon Telescope (EHT) Collaboration has conducted test observations, using the Atacama Large Millimeter/submillimeter Array (ALMA) and other facilities, that achieved the highest resolution ever obtained from the surface of Earth [1]. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. The Collaboration estimates that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more black holes than they have done so far. The new detections, part of a pilot experiment, were published today in The Astronomical Journal.


						
The EHT Collaboration released images of M87*, the supermassive black hole at the centre of the M87 galaxy, in 2019, and of Sgr A*, the black hole at the heart of our Milky Way galaxy, in 2022. These images were obtained by linking together multiple radio observatories across the planet, using a technique called very long baseline interferometry (VLBI), to form a single 'Earth-sized' virtual telescope.

To get higher-resolution images, astronomers typically rely on bigger telescopes -- or a larger separation between observatories working as part of an interferometer. But since the EHT was already the size of Earth, increasing the resolution of their ground-based observations called for a different approach. Another way to increase the resolution of a telescope is to observe light of a shorter wavelength -- and that's what the EHT Collaboration has now done.

"With the EHT, we saw the first images of black holes using the 1.3-mm wavelength observations, but the bright ring we saw, formed by light bending in the black hole's gravity, still looked blurry because we were at the absolute limits of how sharp we could make the images," said the study's co-lead Alexander Raymond, previously a postdoctoral scholar at the Center for Astrophysics | Harvard & Smithsonian (CfA), and now at the Jet Propulsion Laboratory, both in the United States. "At 0.87 mm, our images will be sharper and more detailed, which in turn will likely reveal new properties, both those that were previously predicted and maybe some that weren't."

To show that they could make detections at 0.87 mm, the Collaboration conducted test observations of distant, bright galaxies at this wavelength [2]. Rather than using the full EHT array, they employed two smaller subarrays, both of which included ALMA and the Atacama Pathfinder EXperiment (APEX) in the Atacama Desert in Chile. The European Southern Observatory (ESO) is a partner in ALMA and co-hosts and co-operates APEX. Other facilities used include the IRAM 30-meter telescope in Spain and the NOrthern Extended Millimeter Array (NOEMA) in France, as well as the Greenland Telescope and the Submillimeter Array in Hawai'i.

In this pilot experiment, the Collaboration achieved observations with detail as fine as 19 microarcseconds, meaning they observed at the highest-ever resolution from the surface of Earth. They have not been able to obtain images yet, though: while they made robust detections of light from several distant galaxies, not enough antennas were used to be able to accurately reconstruct an image from the data.

This technical test has opened up a new window to study black holes. With the full array, the EHT could see details as small as 13 microarcseconds, equivalent to seeing a bottle cap on the Moon from Earth. This means that, at 0.87 mm, they will be able to get images with a resolution about 50% higher than that of previously released M87* and SgrA* 1.3-mm images. In addition, there's potential to observe more distant, smaller and fainter black holes than the two the Collaboration has imaged thus far.




EHT Founding Director Sheperd "Shep" Doeleman, an astrophysicist at the CfA and study co-lead, says: "Looking at changes in the surrounding gas at different wavelengths will help us solve the mystery of how black holes attract and accrete matter, and how they can launch powerful jets that stream over galactic distances."

This is the first time that the VLBI technique has been successfully used at the 0.87 mm wavelength. While the ability to observe the night sky at 0.87 mm existed before the new detections, using the VLBI technique at this wavelength has always presented challenges that took time and technological advances to overcome. For example, water vapour in the atmosphere absorbs waves at 0.87 mm much more than it does at 1.3 mm, making it more difficult for radio telescopes to receive signals from black holes at the shorter wavelength. Combined with increasingly pronounced atmospheric turbulence and noise buildup at shorter wavelengths, and an inability to control global weather conditions during atmospherically sensitive observations, progress to shorter wavelengths for VLBI -- especially those that cross the barrier into the submillimetre regime -- has been slow. But with these new detections, that's all changed.

"These VLBI signal detections at 0.87 mm are groundbreaking since they open a new observing window for the study of supermassive black holes," states Thomas Krichbaum, a co-author of the study from the Max Planck Institute for Radio Astronomy in Germany, an institution that operates the APEX telescope together with ESO. He adds: "In the future, the combination of the IRAM telescopes in Spain (IRAM-30m) and France (NOEMA) with ALMA and APEX will enable imaging of even smaller and fainter emission than has been possible thus far at two wavelengths, 1.3 mm and 0.87 mm, simultaneously."

Notes

[1] There have been astronomical observations with higher resolution, but these were obtained by combining signals from telescopes on the ground with a telescope in space: https://www.mpifr-bonn.mpg.de/pressreleases/2022/2. The new observations released today are the highest-resolution ones ever obtained using only ground-based telescopes.

[2] To test their observations, the EHT Collaboration pointed the antennas to very distant 'active' galaxies, which are powered by supermassive black holes at their cores and are very bright. These types of sources help to calibrate the observations before pointing the EHT to fainter sources, like nearby black holes.
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Pregnancy after sterilization turns out to be surprisingly common | ScienceDaily
Tubal sterilization is thought to be a permanent form of birth control and is the most common method of contraception nationally. But a new study led by UC San Francisco reports that tubal surgery fails often enough that some other forms of birth control are usually more effective.


						
The authors found that 3 to 5% of women in the United States who had their tubes tied later reported an unplanned pregnancy. This failure rate led the authors to suggest that patients who really want to avoid future pregnancy should instead use a contraceptive arm implant or intrauterine device (IUD).

The paper appears August 27 in NEJM Evidence.

Interest in permanent contraception has risen since the 2022 U.S. Supreme Court Dobbs decision removed federal protections for abortion services and limited access to abortion services in many states. As a result, the researchers say that information about contraceptive effectiveness is especially important.

"Since the Dobbs decision, many more people are worried about how pregnancy may impact their health and family life," said first author Eleanor Bimla Schwarz, MD, chief of the UCSF Division of General Internal Medicine at Zuckerberg San Francisco General. "This is especially true for patients with medical conditions like diabetes and high blood pressure that can complicate pregnancy.

"This study shows that tubal surgery cannot be considered the best way to prevent pregnancy," Schwarz said. "People using a contraceptive arm implant or an IUD are less likely to become pregnant than those who have their tubes tied."

Many U.S. women get tubal surgeries

About 65 percent of women 15 to 49 in the U.S. use birth control, according to national statistics, and tubal sterilization -- an abdominal surgery in which the fallopian tubes are clamped or cut and removed -- is used by more than 21% of women ages 30 to 39, and 39% of women older than 40. These surgeries are especially common among low-income people and those with chronic medical conditions.




Tubal sterilization aims to permanently end fertility, but as previously reported, women can nonetheless get pregnant. Based on older studies, the American College of Obstetricians and Gynecologists has advised that fewer than 1% of patients become pregnant after tubal sterilization.

In the new study, the authors examined four independent rounds of the National Survey of Family Growth from 2002 to 2015. Data were collected from more than 31,000 women, including 4,184 who reported having undergone tubal sterilization and were the focus of the study.

Within the first year after tubal surgery, the researchers estimated that 2.9% of those who reported having been sterilized in 2013 to 2015 became pregnant. The chance of pregnancy was highest among those who were younger at the time of their tubal surgery.

Patients who had Medicaid-funded procedures were not more likely than those with private insurance to become pregnant. In recent years, the proportion of respondents who reported a tubal sterilization funded by Medicaid has increased from 18% in 2002 to about 36% from 2013 to 2015.

"When choosing what birth control will work best for them, people consider many different things including safety, convenience and how fast they can start to use the method," Schwarz said. "For people who have chosen a 'permanent' method, learning they got pregnant can be very distressing. It turns out this is unfortunately a fairly common experience."
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Video gaming improves mental well-being, landmark study finds | ScienceDaily
A pioneering study titled "Causal effect of video gaming on mental well-being in Japan 2020-2022," published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.


						
Key Findings:
    	Analysis of 97,602 survey responses from Japanese residents aged 10 to 69 during the COVID-19 period
    	Game console ownership, along with increased gameplay, significantly improved mental well-being
    	Machine learning analysis revealed that different consoles had varying impacts: PlayStation 5 showed smaller benefits for adolescents and females, while Nintendo Switch demonstrated larger benefits for adolescents

The study found substantial improvements in mental well-being: owning a Nintendo Switch improved mental health by 0.60 standard deviations, while owning a PlayStation 5 improved it by 0.12 standard deviations. Additionally, PlayStation 5 ownership increased life satisfaction by 0.23 standard deviations.

The research team, comprising experts from Osaka University, Hamamatsu University School of Medicine, Takasaki City University of Economics, the National Graduate Institute for Policy Studies, and Nihon University, utilized a unique natural experimental design. By analyzing data from game console lotteries during COVID-19 supply shortages, they established a causal link between gaming and improved mental health.

"Our findings challenge common stereotypes about gaming being harmful or merely providing temporary euphoria," said lead author Hiroyuki Egami, PhD., Assistant Professor at Nihon University. "We've shown that gaming can improve mental health and life satisfaction across a broad spectrum of individuals."

Egami further explained, "Many earlier studies drew conclusions from correlational analysis with observational data, which can't distinguish between cause and effect. Our natural experimental design allows us to confidently say that gaming actually leads to improved well-being, rather than just being associated with it."

Md. Shafiur Rahman, PhD., Senior Assistant Professor at Hamamatsu University School of Medicine and second author of the study added: "As an epidemiologist, I've often seen concerns about gaming's negative impacts. However, this study's robust methodology challenges those preconceptions. It highlights the need for a more nuanced approach in studying digital media's effects on health."

Notably, the study found that while the PlayStation 5 offered relatively smaller psychological benefits for children, the Nintendo Switch provided larger psychological benefits. These findings question the stereotype that games are universally harmful to children and emphasize the importance of considering the multifaceted nature of gaming, including platforms, genres, and playing styles, in research and policymaking.

While the data for this study was collected during the COVID-19 period, the authors note the importance of future research to verify these results in different contexts. Nonetheless, the study's robust methodology provides compelling evidence for the causal relationship between video gaming and improved mental well-being.

This impactful research provides crucial evidence for policymakers and international organizations like WHO and UNICEF to develop more nuanced approaches to digital media consumption. It also paves the way for future research into personalized gaming experiences that could enhance well-being.
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Hidden magmatism discovered at the Chang'e-6 lunar landing site | ScienceDaily
Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrical understandings of the Moon and disclosing the lunar dichotomy conundrum.


						
Earlier this year, the Chang'e-6 mission of the Chinese Lunar Exploration Program, successfully launched on May 3, landed on the lunar surface on June 2, and returned to the Earth on June 25 carrying a total of 1935.3g of lunar soils. It is the world's first lunar farside sample-return mission, which landed in the south of the Apollo basin within the SPA basin on the farside. These precious samples would open a window to solve the long-standing question of lunar dichotomy, even reshape human's knowledge of our closest neighbour. However, compared with the well-known mare volcanism surrounding the Chang'e-6 landing site, the intrusive magmatic activities have a much more obscure presence and origin, impeding future sample analyses when they are available for application.

In a recent research paper published in The Astrophysical Journal Letters, Dr Yuqi QIAN, Professor Joseph MICHALSKI and Professor Guochun ZHAO from the Department of Earth Sciences at The University of Hong Kong (HKU) and their domestic and international collaborators have comprehensively studied the intrusive magmatism of the Chang'e-6 landing site and its surroundings based on remote sensing data. The study revealed their extensive distributions and obscure nature with significant implications for the petrogenesis of lunar plutonic rocks and the Chang'e-6 mission, which will facilitate scientists' further study of lunar farside.

The study has found that intrusive magmatism is widespread in the SPA basin. They occur in various forms including sills beneath floor-modified craters, linear and ring dikes shown by gravity data, and Mg-suite intrusions with characteristic spectral absorptions. These observations agree with the intermediate-thick crust of SPA where intrusion is favored. Landing in the SPA basin, Chang'e-6 likely collected plutonic rocks, excavated and transported by adjacent impact craters to the sampling site, that could be examined by the ongoing sample studies. They have discovered two heavily degraded floor-fractured craters, inspiring to identify more similar features on the Moon. All indicate that intrusive magmatism is abundant in the Chang'e-6 sampling region.

This study has traced potential plutonic materials in the Chang'e-6 samples and found that Mg-suite materials highly likely exist, primarily from the western peak ring of the Apollo basin delivered by Chaffee S crater. These Mg-rich materials contain crucial information on the origin of mysterious KREEP-poor Mg-suite rocks. Samples from both the intrusive and extrusive magmatism from the never sampled farside, especially the mysterious Mg-suite, will shed further light on solving the lunar dichotomy conundrum and a series of fundamental scientific questions relating to secondary crust building and early evolution of the Moon.

Professor Xianhua LI, an academician of the Chinese Academy of Science (CAS), and a leader of China's lunar sample studies from the Institute of Geology and Geophysics (CAS), said: 'The results of this research set a significant geological framework to study plutonic rocks in the Chang'e-6 samples, especially Mg-suite rocks.' Professor Li emphasised: 'Their petrogenesis and timing are unclear, and this research would dramatically help to understand their origin mechanism.'

'This research is an excellent example of HKU's deep involvement in the China's Lunar Exploration Program,' said Professor Guochun ZHAO, an academician of the Chinese Academy of Science and Chair Professor of Earth Sciences (HKU). 'Lunar and space exploration programs are an important component of China's goal to become a scientific and technological power, and HKU's proactive involvement in these programs will bring additional resources for Hong Kong to become an international centre for science and innovation,' he continued.

HKU is the first university in Hong Kong that possesses lunar samples obtained by the Chang'e-5 mission. Building on the foundation of this work, the geologists from HKU will also pursue opportunities to study Chang'e-6 samples in the future and be more deeply involved in the Chinese Lunar Exploration Program.
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Six new rogue worlds: Star birth clues | ScienceDaily
The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planetlike masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it.


						
The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

"We are probing the very limits of the star forming process," said lead author Adam Langeveld, an astrophysicist at Johns Hopkins University. "If you have an object that looks like a young Jupiter, is it possible that it could have become a star under the right conditions? This is important context for understanding both star and planet formation."

The findings come from Webb's deepest survey of the young nebula NGC1333, a star-forming cluster about a thousand light-years away in the Perseus constellation. A new image from the survey released today by the European Space Agency shows NGC1333 glowing with dramatic displays of interstellar dust and clouds. A paper detailing the survey's findings has been accepted for publication in The Astronomical Journal.

Webb's data suggest the discovered worlds are gas giants 5-10 times more massive than Jupiter. That means they are among the lowest-mass objects ever found to have grown from a process that would generally produce stars and brown dwarfs, objects straddling the boundary between stars and planets that never ignite hydrogen fusion and fade over time.

"We used Webb's unprecedented sensitivity at infrared wavelengths to search for the faintest members of a young star cluster, seeking to address a fundamental question in astronomy: How light an object can form like a star?" said Johns Hopkins Provost Ray Jayawardhana, an astrophysicist and senior author of the study. "It turns out the smallest free-floating objects that form like stars overlap in mass with giant exoplanets circling nearby stars."

The telescope's observations revealed no objects lower than five Jupiter masses despite possessing sufficient sensitivity to detect such bodies. That's a strong indication that any stellar objects lighter than this threshold are more likely to form the way planets do, the authors concluded.




"Our observations confirm that nature produces planetary mass objects in at least two different ways -- from the contraction of a cloud of gas and dust, the way stars form, and in disks of gas and dust around young stars, as Jupiter in our own solar system did," Jayawardhana said.

The most intriguing of the starless objects is also the lightest, having an estimated mass of five Jupiters (about 1,600 Earths). The presence of a dusty disk means the object almost certainly formed like a star, as space dust generally spins around a central object in the early stages of star formation, said Langeveld, a postdoctoral researcher in Jayawardhana's group.

Disks are also a prerequisite for the formation of planets, suggesting the observations may also have important implications for potential "mini" planets.

"Those tiny objects with masses comparable to giant planets may themselves be able to form their own planets," said co-author Aleks Scholz, an astrophysicist at the University of St Andrews. "This might be a nursery of a miniature planetary system, on a scale much smaller than our solar system."

Using the NIRISS instrument on Webb, the astronomers measured the infrared light profile (or spectrum) of every object in the observed portion of the star cluster and reanalyzed 19 known brown dwarfs. They also discovered a new brown dwarf with a planetary-mass companion, a rare finding that challenges theories of how binary systems form.

"It's likely that such a pair formed the way binary star systems do, from a cloud fragmenting as it contracted," Jayawardhana said. "The diversity of systems that nature has produced is remarkable and pushes us to refine our models of star and planet formation."

Rogue worlds may originate from collapsing molecular clouds that lack the mass for the nuclear fusion that powers stars. They can also form when gas and dust in disks around stars coalesce into planetlike orbs that are eventually ejected from their star systems, probably because of gravitational interactions with other bodies.




These free-floating objects blur classifications of celestial bodies because their masses overlap with gas giants and brown dwarfs. Even though such objects are considered rare in the Milky Way galaxy, the new Webb data show they account for about 10% of celestial bodies in the targeted star cluster.

In the coming months, the team will study more of the faint objects' atmospheres and compare them to heavier brown dwarfs and gas giant planets. They have also been awarded time on the Webb telescope to study similar objects with dusty disks to explore the possibility of forming mini planetary systems resembling Jupiter's and Saturn's numerous moons.

Other authors are Koraljka Muzi? and Daniel Capela of Universidade de Lisboa; Loic Albert, Rene Doyon, and David Lafreniere of Universite de Montreal; Laura Flagg of Johns Hopkins; Matthew de Furio of University of Texas at Austin; Doug Johnstone of Herzberg Astronomy and Astrophysics Research Centre; and Michael Meyer of University of Michigan, Ann Arbor.

The Deep Spectroscopic Survey for Young Brown Dwarfs and Free-Floating Planets used the Near Infrared Imager and Slitless Spectrograph (NIRISS) instrument on the James Webb Space Telescope, a collaboration between NASA, the European Space Agency, and the Canadian Space Agency.

The authors acknowledge support from the UKRI Science and Technology Facilities Council, the Fundacao para a Ciencia e a Tecnologia (FCT), the U.S. National Science Foundation, and the National Research Council of Canada.
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Coastal cities must adapt faster to climate change | ScienceDaily
Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial. To find out how coastal cities are adapting, an international team led by Professor Matthias Garschagen, a geographer at Ludwig-Maximilians-Universitat Munchen (LMU), has now analyzed the current state of adaptation.


						
Based on studies of 199 cities across 54 countries, the researchers investigated whether and how cities take certain risk factors into account in their adaptation efforts. Climate factors like rising sea levels, storms, flooding and heat were among the key parameters considered. Other aspects were also taken into account in the analysis, such as the exposure and vulnerability of the population, the infrastructure and the ecosystems in the respective region.

Climate measures are mostly inadequate

Most of the measures taken to adapt to climate change relate primarily to sea level rise, flooding and, to a lesser extent, storm surges, cyclones and erosion. Technical and institutional measures such as large-scale levees or urban planning innovations are more common in wealthier regions like North America and Europe. In less prosperous regions such as in many parts of Africa and Asia, behavior-related measures are the dominant type, with affected households and companies being largely left to their own devices.

Overall, the LMU researchers found that most adaptation measures are inadequate in their depth, scope and speed -- regardless of the region or its prosperity. The researchers also found little evidence of a sustainable reduction in risk as a result of the measures taken.

"Our findings reveal that there is plenty of work still to be done on all levels," explains Prof. Matthias Garschagen. "There has been little truly far-reaching change involving a fundamental rethink of risk management. Cities often attempt to optimize their disaster management on the basis of past experience without fundamentally questioning whether these approaches are still going to be viable in the future," says Garschagen.

Global research on climate change needs to be done in all regions of the world

The research also found that it is rare for adaptation planning to be based on quantifiable factors. Although cities do take future natural risks such as flooding and heat into account, they rarely consider socioeconomic factors such as future trends in societal vulnerability or spatial growth and exposure. "But those trends those are important," says Garschagen, "because the Lagos or Jakarta of today is not the same as it's going to be in 20 years' time. There are certainly big research aps and we need better scenarios and better modeling methods. Another important question is about when it makes more sense to abandon coastal protection measures and consider resettling the population instead."

Matthias Garschagen is therefore calling for a major increase in research activity in the Global South. Most of the research activity to date has been concentrated on cities in the Global North. "Global climate change research that covers all regions of the world would enable us to fight the climate crisis faster and more effectively," says Matthias Garschagen.
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What microscopic fossilized shells tell us about ancient climate change | ScienceDaily
At the end of the Paleocene and beginning of the Eocene epochs, between 59 to 51 million years ago, Earth experienced dramatic warming periods, both gradual periods stretching millions of years and sudden warming events known as hyperthermals.


						
Driving this planetary heat up were massive emissions of carbon dioxide (CO2) and other greenhouse gases, but other factors like tectonic activity may have also been at play.

New research led by University of Utah geoscientists pairs sea surface temperatures with levels of atmospheric CO2 during this period, showing the two were closely linked. The findings also provide case studies to test carbon cycle feedback mechanisms and sensitivities critical for predicting anthropogenic climate change as we continue pouring greenhouse gases into the atmosphere on an unprecedented scale in the planet's history.

"The main reason we are interested in these global carbon release events is because they can provide analogs for future change," said lead author Dustin Harper, a postdoctoral researcher in the Department of Geology & Geophysics. "We really don't have a perfect analog event with the exact same background conditions and rate of carbon release."

But the study published Monday in the Proceedings of the National Academy of Sciences, or PNAS, suggests emissions during two ancient "thermal maxima" are similar enough with today's anthropogenic climate change to help scientists forecast its consequences.

The research team analyzed microscopic fossils -- recovered in drilling cores taken from an undersea plateau in the Pacific -- to characterize surface ocean chemistry at the time the shelled creatures were alive. Using a sophisticated statistical model, they reconstructed sea surface temperatures and atmospheric CO2 levels over a 6-million-year period that covered two hyperthermals, the Paleocene-Eocene Thermal Maximum, or PETM, 56 million years ago and Eocene Thermal Maximum 2, ETM-2, 54 million years ago.

The findings indicate that as atmospheric levels of CO2 rose, so too did global temperatures.




"We have multiple ways that our planet, that our atmosphere is being influenced by CO2 additions, but in each case, regardless of the source of CO2, we're seeing similar impacts on the climate system," said co-author Gabriel Bowen, a U professor of geology & geophysics.

"We're interested in how sensitive the climate system was to these changes in CO2. And what we see in this study is that there's some variation, maybe a little lower sensitivity, a lower warming associated with a given amount of CO2 change when we look at these very long-term shifts. But that overall, we see a common range of climate sensitivities."

Today, human activities associated with fossil fuels are releasing carbon 4 to 10 times more rapidly than occurred during these ancient hyperthermal events. However, the total amount of carbon released during the ancient events is similar to the range projected for human emissions, potentially giving researchers a glimpse of what could be in store for us and future generations.

First scientists must determine what happened to the climate and oceans during these episodes of planetary heating more than 50 million years ago.

"These events might represent a mid- to worst-case scenario kind of case study," Harper said. "We can investigate them to answer what's the environmental change that happens due to this carbon release?"

Earth was very warm during the PETM. No ice sheets covered the poles and ocean temperatures in the mid-90s degrees Fahrenheit.




To determine oceanic CO2 levels the researchers turned to fossilized remains of foraminifera, a shelled single-cell organism akin to plankton. The research team based the study on cores previously extracted by the International Ocean Discovery Program at two locations in Pacific.

The foram shells accumulate small amounts of boron, the isotopes of which are a proxy reflecting CO2 concentrations in the ocean at the time the shells formed, according to Harper.

"We measured the boron chemistry of the shells, and we're able to translate those values using modern observations to past seawater conditions. We can get at seawater CO2 and translate that into atmospheric CO2," Harper said. "The goal of the target study interval was to establish some new CO2 and temperature records for the PETM and ETM-2, which represent two of the best analogs in terms of modern change, and also provide a longer-term background assessment of the climate system to better contextualize those events."

The cores Harper studied were extracted from Shatsky Rise in the subtropical North Pacific, which is an ideal location for recovering ocean-bottom sediments that reflect conditions in the ancient past.

Carbonate shells dissolve if they settle into deep ocean, so scientists must look to underwater plateaus like Shatsky Rise, where the water depths are relatively shallow. While their inhabitants were living millions of years ago, the foraminifera shells record the sea surface conditions.

"Then they die and sink to the sea floor, and they're deposited in about two kilometers of water depth," Harper said. "We're able to retrieve the complete sequence of the dead fossils. At these places in the middle of the ocean, you really don't have a lot of sediment supply from continents, so it is predominantly these fossils and that's all. It makes for a really good archive for what we want to do."
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First low frequency search for alien technology in distant galaxies | ScienceDaily
The SETI Institute, the Berkeley SETI Research Center and the International Centre for Radio Astronomy Research announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. Led by Dr. Chenoa Tremblay of the SETI Institute and Prof. Steven Tingay of Curtin University, this research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This innovative study used the MWA's large field of view (FOV), allowing the team to cover about 2,800 galaxies in one observation, of which 1300 we know the distance to.


						
Usually, the search for extraterrestrial intelligence (SETI) has focused on signals within our galaxy. This new approach goes further, looking at distant galaxies. This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours. To send a signal from another galaxy, a civilization would need technology powerful enough to use the energy of their sun or several stars in their galaxy.

"This work represents a significant step forward in our efforts to detect signals from advanced extraterrestrial civilizations," said Tremblay. "The large field of view and low-frequency range of the MWA makes it an ideal tool for this kind of re- search, and the limits we set will guide future studies."

While this first study did not find any technosignatures (signs of alien technology), it provides insights that will help focus future searches. It shows how important it is to keep exploring different radio frequencies and using the unique capabilities of telescopes like the MWA.

"The MWA continues to open up new ways of exploring the Universe for intelligent civilizations and technosig- natures, while using the same data to study the astrophysics of stars and galaxies. This work is new and novel, but also paves the way for future observations with even more powerful telescopes," said Tingay, who is also the Director of the MWA.

This research highlights the importance of working together internationally and using advanced technology to expand our understanding of the Universe. The SETI Institute explores the cosmos for signs of intelligent life and works to increase our knowledge of the universe.

For more information about SETI Institute projects, please visit: https://www.seti.org/
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Matching dinosaur footprints found on opposite sides of the Atlantic Ocean | ScienceDaily
An international team of researchers led by SMU paleontologist Louis L. Jacobs has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.


						
More than 260 footprints were discovered in Brazil and in Cameroon, showing where land-dwelling dinosaurs were last able to freely cross between South America and Africa millions of years ago before the two continents split apart.

"We determined that in terms of age, these footprints were similar," Jacobs said. "In their geological and plate tectonic contexts, they were also similar. In terms of their shapes, they are almost identical."

The footprints, impressed into mud and silt along ancient rivers and lakes, were found more than 3,700 miles, or 6,000 kilometers, away from each other. Dinosaurs made the tracks 120 million years ago on a single supercontinent known as Gondwana -- which broke off from the larger landmass of Pangea, Jacobs said.

"One of the youngest and narrowest geological connections between Africa and South America was the elbow of northeastern Brazil nestled against what is now the coast of Cameroon along the Gulf of Guinea," Jacobs explained. "The two continents were continuous along that narrow stretch, so that animals on either side of that connection could potentially move across it."

Most of the dinosaur fossils were created by three-toed theropod dinosaurs.. A few were also likely made by sauropods or ornithischians, said Diana P. Vineyard, who is a research associate at SMU and co-author of the study.

Other co-authors of the study were Lawrence J. Flynn in the Department of Human Evolutionary Biology at Harvard University, Christopher R. Scotese in the Department of Earth and Planetary Sciences at Northwestern University and Ismar de Souza Carvalho at the Universidade Federal do Rio de Janeiro and Centro de Geociencias.




The study was published by New Mexico Museum of Natural History & Science in a tribute to the late paleontologist Martin Lockley, who spent much of his career studying dinosaurs tracks and footprints.

Dinosaur footprints tell the whole story

Africa and South America started to split around 140 million years ago, causing gashes in Earth's crust called rifts to open up along pre-existing weaknesses. As the tectonic plates beneath South America and Africa moved apart, magma from the Earth's mantle rose to the surface, creating new oceanic crust as the continents moved away from each other. And eventually, the South Atlantic Ocean filled the void between these two newly-shaped continents.

Signs of some of those major events were evident between both locations where the dinosaur footprints were found -- at the Borborema region in the northeast part of Brazil and the Koum Basin in northern Cameroon. Half-graben basins -- geologic structures formed during rifting as the Earth's crust pulls apart and faults form -- are found in both areas and contain ancient river and lake sediments. Along with dinosaur tracks, these sediments contain fossil pollen that indicate an age of 120 million years.

Before the continental connection between Africa and South America was severed, "rivers flowed and lakes formed in the basins" Jacobs said. "Plants fed the herbivores and supported a food chain. Muddy sediments left by the rivers and lakes contain dinosaur footprints, including those of meat-eaters, documenting that these river valleys could provide specific avenues for life to travel across the continents 120 million years ago."
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Early galaxies were not too big for their britches after all | ScienceDaily
When astronomers got their first glimpses of galaxies in the early universe from NASA's James Webb Space Telescope, they were expecting to find galactic pipsqueaks, but instead they found what appeared to be a bevy of Olympic bodybuilders. Some galaxies appeared to have grown so massive, so quickly, that simulations could not account for them. Some researchers suggested this meant that something might be wrong with the theory that explains what the universe is made of and how it has evolved since the big bang, known as the standard model of cosmology.


						
According to a new study in The Astrophysical Journal led by University of Texas at Austin graduate student Katherine Chworowsky, some of those early galaxies are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are.

"We are still seeing more galaxies than predicted, although none of them are so massive that they 'break' the universe," Chworowsky said.

The evidence was provided by Webb's Cosmic Evolution Early Release Science (CEERS) Survey, led by Steven Finkelstein, a professor of astronomy at UT and study co-author.

Black Holes Add to Brightness

According to this latest study, the galaxies that appeared overly massive probably host black holes rapidly consuming gas. Friction in the fast-moving gas emits heat and light, making these galaxies much brighter than they would be if that light emanated just from stars. This extra light can make it appear that the galaxies contain many more stars, and hence are more massive, than we would otherwise estimate. When scientists remove these galaxies, dubbed "little red dots" (based on their red color and small size), from the analysis, the remaining early galaxies are not too massive to fit within predictions of the standard model.

"So, the bottom line is there is no crisis in terms of the standard model of cosmology," Finkelstein said. "Any time you have a theory that has stood the test of time for so long, you have to have overwhelming evidence to really throw it out. And that's simply not the case."

Efficient Star Factories




Although they've settled the main problem, a less thorny one remains: There are still about twice as many massive galaxies in Webb's data of the early universe as expected from the standard model. One possible reason might be that stars formed more quickly in the early universe than they do today.

"Maybe in the early universe, galaxies were better at turning gas into stars," Chworowsky said.

Star formation happens when hot gas cools enough to succumb to gravity and condense into one or more stars. But as the gas contracts, it heats up, generating outward pressure. In our region of the universe, the balance of these opposing forces tends to make the star formation process very slow. But perhaps, according to some theories, because the early universe was denser than it is today, it was harder to blow gas out during star formation, allowing the process to go faster.

More Evidence of Black Holes

Concurrently, astronomers have been analyzing the spectra of "little red dots" discovered with Webb, with researchers in both the CEERS team and others finding evidence of fast-moving hydrogen gas, a signature of black hole accretion disks. This supports the idea that at least some of the light coming from these compact, red objects comes from gas swirling around black holes rather than stars -- reinforcing the conclusion of Chworowsky's team that the stars are probably not as massive as astronomers initially thought. However, further observations of these intriguing objects are incoming and should help solve the puzzle about how much light comes from stars versus gas around black holes.

Often in science, when you answer one question, that leads to new questions. Although the researchers have shown that the standard model of cosmology probably is not broken, their work points to the need for new ideas in star formation.




"And so, there is still that sense of intrigue," Chworowsky said. "Not everything is fully understood. That's what makes doing this kind of science fun, because it'd be a terribly boring field if one paper figured everything out, or there were no more questions to answer."

Other UT authors are Michael Boylan-Kolchin, Anthony Taylor and Micaela Bagley. They, Finkelstein (as its director) and Chworowsky are members of UT's Cosmic Frontier Center, which seeks to improve our understanding of the early universe.

Other institutions participating in this research are Colby College, University of Toronto, Texas A&M University, the National Science Foundation's National Optical-Infrared Astronomy Research Laboratory, NASA Goddard Space Flight Center, University of Connecticut, European Space Astronomy Centre, University of Massachusetts Amherst, University of California at Irvine, Centro de Astrobiologia (Spain), The Hebrew University of Jerusalem, Cosmic Dawn Center (Denmark), University of Copenhagen, Flatiron Institute, University of Louisville, Universidad de la Laguna, Universite Paris Cite, Swiss Federal Institute of Technology Lausanne, Rochester Institute of Technology, University of Padua (Italy), INAF -- Padua Astronomical Observatory (Italy), University of California at Riverside, University of Sussex, University of Malta, University of Groningen, SRON Netherlands Institute for Space Research and National Astronomical Observatory of Japan.

This research was supported by NASA, the Space Telescope Science Institute and the National Science Foundation.

The James Webb Space Telescope is an international program led by NASA with its partners the European Space Agency and the Canadian Space Agency.
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Why children can't pay attention to the task at hand | ScienceDaily
Scientists have learned that children find it hard to focus on a task, and often take in information that won't help them complete their assignment. But the question is, why?


						
In a new study, researchers found that this "distributed attention" wasn't because children's brains weren't mature enough to understand the task or pay attention, and it wasn't because they were easily distracted and lacked the control to focus.

It now appears that kids distribute their attention broadly either out of simple curiosity or because their working memory isn't developed enough to complete a task without "over exploring."

"Children can't seem to stop themselves from gathering more information than they need to complete a task, even when they know exactly what they need," said Vladimir Sloutsky, co-author of the study and professor of psychology at The Ohio State University.

Sloutsky conducted the study, published recently in the journal Psychological Science, with lead author Qianqian Wan, a doctoral student in psychology at Ohio State.

Sloutsky and his colleagues have done several studies in the past documenting how children distribute their attention broadly, and don't seem to have the ability of adults to efficiently complete tasks by ignoring anything that is not relevant to their mission.

In this new research, Sloutsky and Wan confirmed that even when children successfully learn how to focus their attention on a task to earn small rewards such as stickers, they still "over explore" and don't concentrate just on what is needed to complete their assignment.




One goal of this study was to see if children's distractibility could be the explanation.

One study involved 4- to 6-year-old children and adults. Participants were told they were going to identify two types of bird-like creatures called Hibi or Gora. Each type had a unique combination of colors and shapes for their horn, head, beak, body, wing, feet and tail. For six of the seven body parts, the combination of color and shape predicted whether it was a Hibi or Gora with 66% accuracy. But one body part always was a perfect match to only one of the creatures, which both children and adults quickly learned to identify in the first part of the study.

In order to test whether children were easily distracted, the researchers covered up each body part, meaning the study participants had to uncover them one by one to identify which creature it was. They were rewarded for identifying the creature as quickly as possible.

For adults, the task was easy. If they knew the tail was the body part that was always matched perfectly with one of the two types of creatures, they always uncovered the tail and correctly identified the creature.

But the children were different. If they had learned the tail was the body part that always identified a creature perfectly, they would uncover that first -- but they would still uncover other body parts before they made their choice.

"There was nothing to distract the children -- everything was covered up. They could do like the adults and only click on the body part that identified the creature, but they did not," Sloutsky said.




"They just kept uncovering more body parts before they made their choice."

Another possibility is that children just like tapping on the buttons, Sloutsky said. So, in another study, they gave adults and children the opportunity to make just one tap on an "express" button to reveal the whole creature and all of its parts, or to tap on each body part individually to reveal it.

Children predominantly chose the express option to just tap once to reveal the creature to make their decision of what type it was. So, the kids weren't just clicking for the fun of it.

Future studies will look at whether this unneeded exploration is simple curiosity, Sloutsky said. But he said he thinks the more likely explanation is that working memory is not fully developed in children. That means they don't hold information they need to complete a task in their memory for very long, at least not as long as adults.

"The children learned that one body part will tell them what the creature is, but they may be concerned that they don't remember correctly. Their working memory is still under development," Sloutsky said.

"They want to resolve this uncertainty by continuing to sample, by looking at other body parts to see if they line up with what they think."

As children's working memory matures, they feel more confident in their ability to retain information for a longer time, he said, and act more like adults do.

The future research should resolve the question of whether the issue is curiosity or working memory, Sloutsky said.

This study was supported by a grant from the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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Looking for clues about your biological age? Your grandparents' education may offer some insight. | ScienceDaily
Eating well, exercising and attending regular doctor appointments can support a long healthy life, but a new study identified one possible factor beyond our control: whether you had a grandparent who went to college. The study, from researchers at Drexel University and colleagues from the University of California and the University of North Carolina, was recently published in the journal Social Science and Medicine.


						
Studying data across three generations -- education of parents and grandparents, and health data from parents and their children -- the group found a statistically significant association between grandparents' education level and their grandchildren's epigenetic-based "real" age (short definition of what is meant by "real" (how old an individual is based on their health profile and cells).

The study's finding that grandchildren of college-educated grandparents showed slower biological aging (i.e., younger biological age relative to chronological age) than those whose grandparents did not graduate from college is based on five different epigenetic-based aging clocks. These clocks use a saliva swab to examine a biological process known as DNA methylation -- which changes as the body ages -- to predict an individual's age based on their health profile at the cellular level.

"The research community has established a link between how social factors, socioeconomic factors, and childhood adversity can contribute to health trajectories," said lead author Agus Surachman, PhD, an assistant professor in the Dornsife School of Public Health, who completed his research for the study during his time as a postdoctoral scholar at University of California, San Francisco. "We know from animal studies that health is transmitted across several generations, from grandparents to grandchildren. But we now have robust human data that shows that not only do parents' socioeconomic factors play a role in their children's health, but that influence goes back an extra generation as well."

Previous human studies in this area found that exposure to traumatic experiences, such as the Holocaust and Tutsi genocide, can influence the methylation of genes among survivors and their children. The data in this study fills an important gap by examining a general population, and a common crude index of social stress exposures -- level of education. The authors say parents' education level is a useful metric for children's early life socioeconomic status and exposure to social stressors.

"Parental early life socioeconomic advantages may be associated with better health profile of their offspring through epigenetic mechanisms, especially through the maternal line," said Surachman. "This understanding about the intergenerational nature of transmission of social advantages and health should make us re-think our values. I'd like to see more resources invested in education and health, a factor which shapes offspring health before we are even born."

Epigenetic clocks are promising tools for estimating length of life, and can offer insights about the risk for chronic disease and other health outcomes. Tests can cost consumers hundreds of dollars, but experts say the cost may go down as the technology improves.




Mothers were recruited to the NHLBI Growth and Health Study (NGHS 1) when they were 9-10 years old, and then re-recruited three decades later for the National Growth and Health Study (NGHS 2), to gather health and education information and the health information to determine their youngest child's (ages 2-17) epigenetic aging, or biological age.

The researchers controlled for other factors that may influence child health, such as age of the grandchildren, sex, children's body-mass index (BMI), and characteristics of the mother -- the mother's childhood family structure, mother's health profile and the mother's marital status.

The team also wanted to understand what could help explain the intergenerational transmission -- if the health of the mother might help explain the transmission effect between grandparent education and grandchild biological age. They used mother's childhood and adult health data, measuring factors like BMI, cardiovascular health and adult c-reactive protein to measure body inflammation and found that the health of the mother explained a small amount of the link between grandparents' education and epigenetic age of their grandchildren (14.5% to be exact).

"The link between a grandparent's socioeconomic status and a grandchild's epigenetic age is a remarkable finding, across generations," said senior author Elissa Epel, PhD, a professor at the University of California, San Francisco. "This opens up a myriad of possible explanations and will need to be replicated. For now, we know that the mother's poorer metabolic health is a partial mediator of this relationship."

The authors are following this cohort to examine grandparent and parent predictors of the offspring as they reach adulthood. They are also looking at social and psychological factors of accelerated epigenetic aging in samples with chronic conditions, including breast cancer survivors and chronic kidney disease. However, more research is needed to examine the myriad of factors that influence health trajectories of youth, the authors caution.

"In the United States, we tend to over-emphasize individual responsibility when it comes to health -- and there's a lot of blaming people for their poor health," said Surachman. "But the reality is that health is much more complex than that. Some factors are simply beyond our control, such as the genetics and the inherited epigenetics we are born with. I hope this helps us give more grace and compassion to ourselves and our communities."

In addition to Surachman and Epel, other authors on the paper include Elissa Hamlat of the University of California San Francisco, Anthony S. Zannas of the University of North Carolina Chapel Hill, Steve Horvath of University of California Los Angeles and Barbara Laraia of the University of California Berkeley.

Support for the study came from the Drexel FIRST (Faculty Institutional Recruitment for Sustainable Transformation) Program, National Institutes of Health grant U54CA267735-02, the Eunice Kennedy Shriver National Institute of Child Health and Human Development grant [R01HD073568], a National Heart, Lung, and Blood Institute grant [R56HL141878], grants from the National Institute on Aging [R56AG059677 & R01AG059677], and by the LSP Family Foundation.
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Placebos reduce stress, anxiety, depression -- even when people know they are placebos | ScienceDaily
A study out of Michigan State University found that nondeceptive placebos, or placebos given with people fully knowing they are placebos, effectively manage stress -- even when the placebos are administered remotely.


						
Researchers recruited participants experiencing prolonged stress from the COVID-19 pandemic for a two-week randomized controlled trial. Half of the participants were randomly assigned to a nondeceptive placebo group and the other half to the control group that took no pills. The participants interacted with a researcher online through four virtual sessions on Zoom. Those in the nondeceptive placebo group received information on the placebo effect and were sent placebo pills in the mail along with and instructions on taking the pills.

The study, published in Applied Psychology: Health and Well-Being, found that the nondeceptive group showed a significant decrease in stress, anxiety and depression in just two weeks compared to the no-treatment control group. Participants also reported that the nondeceptive placebos were easy to use, not burdensome and appropriate for the situation.

"Exposure to long-term stress can impair a person's ability to manage emotions and cause significant mental health problems long-term, so we're excited to see that an intervention that takes minimal effort can still lead to significant benefits," said Jason Moser, co-author of the study and professor in MSU's Department of Psychology. "This minimal burden makes nondeceptive placebos an attractive intervention for those with significant stress, anxiety and depression."

The researchers are particularly hopeful in the ability to remotely administer the nondeceptive placebos by health care providers.

"This ability to administer nondeceptive placebos remotely increases scalability potential dramatically," said Darwin Guevarra, co-author of the study and postdoctoral scholar at the University of California, San Francisco, "Remotely administered nondeceptive placebos have the potential to help individuals struggling with mental health concerns who otherwise would not have access to traditional mental health services."
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Two epicenters led to Japan's violent Noto earthquake on New Year's Day | ScienceDaily
The first seven months of 2024 have been so eventful, it's easy to forget that the year started off with a magnitude 7.5 earthquake centered beneath Japan's Noto Peninsula on New Year's Day. The earthquake killed more than 280 people and damaged more than 83,000 homes.


						
Geologists have now discovered that the earthquake began almost simultaneously at two different points on the fault, allowing the seismic rupture to encircle and break through a resistant area on the fault known as a barrier. This rare "dual-initiation" mechanism applied intense pressure from both sides of the barrier, leading to the powerful release of energy and substantial ground shaking across the Noto Peninsula.

The Noto earthquake was preceded by intense seismic swarms, which are sequences of many small earthquakes that can sometimes lead to a larger, catastrophic event. By using advanced seismic and geodetic technologies, the research team meticulously analyzed the movements within the Earth during this swarm that led to the earthquake.

The study, published in the journal Science, offers insight into the role of fault barriers, also known as asperities, in earthquake genesis, and will help improve seismic risk assessments and future earthquake forecasting.

Earthquakes happen when fractures in the Earth's crust, known as faults, allow blocks of rocks on either side of the fault to move past each other. This movement is localized, not continuous along the fault line, because the line is not even or smooth, which dissipates energy and eventually stops the movement.

A barrier is a rough area that locks the two sides of a fault in place. Barriers absorb the energy of fault movement, slowing it down or stopping it altogether. But there's only so much energy the barrier can absorb, and under the right conditions, the pent-up energy causes it to break violently, leading to strong shaking. A swarm of small earthquakes might not be enough to break a barrier, but if much stronger subsequent movement occurs on the fault, the barrier's rupture will release all that stored-up energy.

Led by Lingsen Meng, a UCLA associate professor of earth, planetary and space sciences, UCLA graduate student Liuwei Xu and UC Santa Barbara geophysics professor Chen Ji, an international team of researchers from the United States, France, China and Japan analyzed geospatial data and recordings of seismic waves to understand the relationships between the swarm of smaller tremors and the larger earthquake that followed them. They identified a previously unknown barrier in the region of the swarm.




To their surprise, the New Year's Day earthquake began almost simultaneously in two separate locations on the fault. Energy from each location moved toward the barrier, causing a violent rupture and extremely strong shaking.

"The earthquake started in two places and circled together," Meng said. "The first one started waves that traveled fast and triggered a different epicenter. Then both parts propagated outward together and met in middle, where the barrier was, and broke it."

The mechanics resemble bending a pencil on both ends until it snaps in the middle.

The finding was surprising because although dual initiation, as the process is known, has been seen in simulations, it has been much harder to observe in nature. Dual-initiation mechanisms require just the right conditions, which can be set in the lab but are less predictable in the real world.

"We were able to observe it because Japan has very good seismic monitoring stations and we also used GPS and satellite radar data. We grabbed all the data we could find! It's only through all of this data together that we got really good resolution on this fault and could get into these fine details," Meng said.

The vast majority of earthquakes don't have anywhere near this level of data collected, so it's possible that earthquakes with dual-initiation mechanisms are more common than geologists think.




"It could be that through better imaging and resolution, we'll identify more like this in the future," Meng said.

Earthquakes with dual epicenters have a higher risk for stronger shaking because there is stronger movement. Meng's group plans to consider future scenarios to learn about the conditions and probabilities of these earthquakes.

"Our findings emphasize the complex nature of earthquake initiation and the critical conditions that can lead to large-scale seismic events," Meng said. "Understanding these processes is vital for improving our ability to predict and mitigate the impacts of future earthquakes."

Key takeaways
    	The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a "dual-initiation mechanism" applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.
    	An international team of researchers led by UCLA graduate student Liuwei Xu, professor Lingsen Meng and UC Santa Barbara's Chen Ji analyzed a preceding seismic swarm and identified a previously unknown barrier in the region of the swarm.
    	The team's data collection methods could aid future research into the conditions and probabilities of dual-initiation earthquakes.
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NASA's DART impact permanently changed the shape and orbit of asteroid moon | ScienceDaily
When NASA's Double Asteroid Redirection Test (DART) spacecraft collided with an asteroid moon called Dimorphos in 2022, the moon was significantly deformed -- creating a large crater and reshaping it so dramatically that the moon derailed from its original evolutionary progression -- according to a new study. The study's researchers believe that Dimorphos may start to "tumble" chaotically in its attempts to move back into gravitational equilibrium with its parent asteroid named Didymos.


						
"For the most part, our original pre-impact predictions about how DART would change the way Didymos and its moon move in space were correct," said Derek Richardson, a professor of astronomy at the University of Maryland and a DART investigation working group lead. "But there are some unexpected findings that help provide a better picture of how asteroids and other small bodies form and evolve over time."

The paper published in Planetary Science Journal on August 23, 2024 by a team led by Richardson detailed notable post-impact observations and described possible implications for future asteroid research.

One of the biggest surprises was how much the impact with DART changed the shape of Dimorphos. According to Richardson, the asteroid moon was originally oblate (shaped like a hamburger) but became more prolate (stretched out like a football) after the DART spacecraft collided with it.

"We were expecting Dimorphos to be prolate pre-impact simply because that's generally how we believed the central body of a moon would gradually accumulate material that's been shed off a primary body like Didymos. It would naturally tend to form an elongated body that would always point its long axis toward the main body," Richardson explained. "But this result contradicts that idea and indicates that something more complex is at work here. Furthermore, the impact-induced change in Dimorphos' shape likely changed how it interacts with Didymos."

Richardson noted that although DART only hit the moon, the moon and the main body are connected through gravity. The debris scattered by the spacecraft on impact also played a role in the disturbed equilibrium between the moon and its asteroid, shortening Dimorphos' orbit around Didymos. Interestingly, Didymos' shape remained the same -- a finding that indicates that the larger asteroid's body is firm and rigid enough to maintain its form even after losing mass to create its moon.

According to Richardson, Dimorphos' changes have important implications for future exploration efforts, including the European Space Agency's follow-up mission to the Didymos system slated for October 2024.




"Originally, Dimorphos was probably in a very relaxed state and had one side pointing toward the main body, Didymos, just like how Earth's moon always has one face pointing toward our planet," Richardson explained. "Now, it's knocked out of alignment, which means it may wobble back and forth in its orientation. Dimorphos might also be 'tumbling,' meaning that we may have caused it to rotate chaotically and unpredictably."

The team is now waiting to find out when the ejected debris will clear from the system, whether Dimorphos is still tumbling in space and when it will eventually regain its previous stability.

"One of our biggest questions now is if Dimorphos is stable enough for spacecraft to land and install more research equipment on it," he said. "It could take a hundred years to see noticeable changes in the system, but it's only been a few years since the impact. Learning about how long it takes Dimorphos to regain its stability tells us important things about its internal structure, which in turn informs future attempts to deflect hazardous asteroids."

Richardson and his team hope that Hera will provide more information about DART's impact. By late 2026, Hera will arrive at the binary asteroid system containing Dimorphos and Didymos to assess the internal properties of both asteroids for the first time, providing a more detailed analysis of the DART mission and its implications for the future.

"DART gave us insight into complicated gravitational physics that you can't do in a lab, and all of this research helps us calibrate our efforts to defend Earth in the event of an actual threat," Richardson said. "There's a nonzero chance that an asteroid or comet will approach and endanger the planet. Now, we have an additional line of defense against these kinds of external threats."
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Scientists propose guidelines for solar geoengineering research | ScienceDaily
Scientists for several years have studied the theoretical effectiveness of injecting sulfur dioxide into the stratosphere to reflect heat from the Sun and offset Earth's warming temperatures. But they also want to ensure that the solar geoengineering approaches being studied are evaluated for their technical feasibility, as well as their cooling potential and possible ecological and societal side effects.


						
To guide future work, an international team of scientists led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) has published a paper with specific recommendations for evaluating proposals to inject sulfur dioxide, which is known as stratospheric aerosol intervention (SAI). The paper also suggests criteria for discontinuing those scenarios that are not feasible because of scientific, technical, or societal issues.

"The goal is to work toward an assessment that can be used to identify the most feasible and legitimate scenarios, based on both how much they reduce natural and societal risks as well as any unwanted side effects," said NSF NCAR scientist Simone Tilmes, the lead author. "If society were to ever consider implementing SAI, it is imperative that we provide the best possible scientific understanding to policy makers and the public."

The paper, based on work funded by NSF and NOAA, was published in Oxford Open Climate Change.

Mimicking volcanic eruptions

Once injected into the stratosphere, sulfur dioxide would form sunlight-reflecting sulfate aerosols. Previous studies, drawing on computer modeling and observations of large volcanic eruptions, have shown these aerosols would have a cooling effect similar to that of a major volcanic eruption.

The injections could continue to cool Earth for decades or even centuries, buying time until heat-trapping greenhouse gases in the atmosphere return to lower levels.




The previous research, however, has also emphasized the potential risks of SAI, such as changing the stratospheric ozone layer and altering global precipitation patterns.

Since such injections cannot perfectly offset the impacts of greenhouse gas emissions, Tilmes and her co-authors write that informed policy decisions require a comprehensive understanding of the benefits and risks of SAI. They emphasize the need for a research and governance structure, with fair representation from both the Global South and North, to oversee SAI research and technology developments.

"Research on various solar geoengineering methods has been going on for a few decades now, but there hasn't been a formal assessment collating all the information in one place suitable for policy makers and the public," said NOAA scientist Karen Rosenlof, a co-author of the new paper. "It's time for such an assessment to occur, covering the criteria described in this paper, and repeated on a regular basis."

The paper proposes eight research criteria for assessing SAI developments. The criteria are:
    	Technical and economic limitations
    	Cooling potential
    	Ability to meet climate objectives
    	Infrastructure for monitoring, detection, and attribution
    	Large-scale and regional climate response
    	Impacts on human and natural systems
    	Societal risks
    	Mitigation of risks through governance

The paper recommends issuing assessment reports about SAI developments every few years with globally representative participation. The criteria can also be applicable to other solar radiation modification proposals, such as the brightening of marine clouds.

"The goal of these criteria is to promote optimal approaches from a climate perspective while carefully weighing the benefits and risks and making sure to include the perspectives of underrepresented groups and the Global South," Tilmes said.
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Colorful traits in primates ease tensions between groups | ScienceDaily
Primate ornamentation plays a crucial role in communication not only within social groups but also between them, according to a new study. The research reveals that the males of species with overlapping home ranges often display vibrant colors or elaborate features, traits that may help reduce intergroup aggression by enabling quick assessments of potential rivals.


						
Ornaments are sexually selected traits that serve as powerful signals, often indicating an individual's genetic quality, health or physical strength. These differences in appearance between males and females, known as dimorphic traits, are expressed in features like colorful fur or elaborate body structures. Examples include the golden snub-nosed monkey's lip wart and blueish face, the mandrill's vivid facial features with its red nose and blue skin, the gelada baboon's impressive mane and red chest patch, or the proboscis monkey's remarkably large nose.

A new study from the University of Zurich (UZH) has uncovered an intriguing link between these dimorphic traits and how primates interact with other groups. The research, conducted by Stefan Lupold from the Department of Evolutionary Biology and Environmental Studies at UZH in collaboration with Cyril Grueter from the University of Western Australia, shows that the vibrant colors and elaborate body ornaments seen in many primate species may do more than attract mates or establish social hierarchies. These features also play an important role in communication between different social groups.

Proximity encourages richer ornamentation

The researchers analyzed data from 144 primate species, including both monkeys and apes (prosimians and anthropoids). They focused on how ornamentation relates to the overlap of home ranges, which measures how much living space groups share with their neighbors. According to Stefan Lupold, the findings showed a clear pattern: "Species that shared more space with their neighbors had significantly greater differences in ornamentation between the sexes. In species where groups frequently interact, males are more likely to sport flashy traits that set them apart from females."

The study also found that intergroup encounters were less likely to be aggressive in species with greater home range overlap. Encounters deemed conflict-related included behaviors such as physical confrontation, displays of strength, avoidance, displacement, vigilance and vocal warnings. This suggests that vivid physical traits might help to reduce conflict between groups, possibly by allowing them to quickly assess potential rivals from a distance.

Complex world of animal communication

"These findings challenge the common belief that primate ornamentation is only about competing for mates within groups," says Lupold. "Instead, they highlight the importance of considering the wider social environment in which gregarious animals exist, recognizing the significance of social interactions both within and between groups." The study sheds new light on the evolution of primate ornamentation and provides valuable insights into the complex world of animal communication.
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Mosquitoes sense infrared from body heat to help track humans down | ScienceDaily
While a mosquito bite is often no more than a temporary bother, in many parts of the world it can be scary. One mosquito species, Aedes aegypti, spreads the viruses that cause over 100,000,000 cases of dengue, yellow fever, Zika and other diseases every year. Another, Anopheles gambiae, spreads the parasite that causes malaria. The World Health Organization estimates that malaria alone causes more than 400,000 deaths every year. Indeed, their capacity to transmit disease has earned mosquitoes the title of deadliest animal.


						
Male mosquitoes are harmless, but females need blood for egg development. It's no surprise that there's over 100 years of rigorous research on how they find their hosts. Over that time, scientists have discovered there is no one single cue that these insects rely on. Instead, they integrate information from many different senses across various distances.

A team led by researchers at UC Santa Barbara has added another sense to the mosquito's documented repertoire: infrared detection. Infrared radiation from a source roughly the temperature of human skin doubled the insects' overall host-seeking behavior when combined with CO2 and human odor. The mosquitoes overwhelmingly navigated toward this infrared source while host seeking. The researchers also discovered where this infrared detector is located and how it works on a morphological and biochemical level. The results are detailed in the journalNature.

"The mosquito we study, Aedes aegypti, is exceptionally skilled at finding human hosts," said co-lead author Nicolas DeBeaubien, a former graduate student and postdoctoral researcher at UCSB in Professor Craig Montell's laboratory. "This work sheds new light on how they achieve this."

Guided by thermal infrared

It is well established that mosquitoes like Aedes aegypti use multiple cues to home in on hosts from a distance. "These include CO2 from our exhaled breath, odors, vision, [convection] heat from our skin, and humidity from our bodies," explained co-lead author Avinash Chandel, a current postdoc at UCSB in Montell's group. "However, each of these cues have limitations." The insects have poor vision, and a strong wind or rapid movement of the human host can throw off their tracking of the chemical senses. So the authors wondered if mosquitoes could detect a more reliable directional cue, like infrared radiation.

Within about 10 cm, these insects can detect the heat rising from our skin. And they can directly sense the temperature of our skin once they land. These two senses correspond to two of the three kinds of heat transfer: convection, heat carried away by a medium like air, and conduction, heat via direct touch. But energy from heat can also travel longer distances when converted into electromagnetic waves, generally in the infrared (IR) range of the spectrum. The IR can then heat whatever it hits. Animals like pit vipers can sense thermal IR from warm prey, and the team wondered whether mosquitoes, like Aedes aegypti, could as well.




The researchers put female mosquitoes in a cage and measured their host-seeking activity in two zones. Each zone was exposed to human odors and CO2 at the same concentration that we exhale. However, only one zone was also exposed to IR from a source at skin temperature. A barrier separated the source from the chamber prevented heat exchange through conduction and convection. They then counted how many mosquitoes began probing as if they were searching for a vein.

Adding thermal IR from a 34o Celcius source (about skin temperature) doubled the insects' host-seeking activity. This makes infrared radiation a newly documented sense that mosquitoes use to locate us. And the team discovered it remains effective up to about 70 cm (2.5 feet).

"What struck me most about this work was just how strong of a cue IR ended up being," DeBeaubien said. "Once we got all the parameters just right, the results were undeniably clear."

Previous studies didn't observe any effect of thermal infrared on mosquito behavior, but senior author Craig Montell suspects this comes down to methodology. An assiduous scientist might try to isolate the effect of thermal IR on insects by only presenting an infrared signal without any other cues. "But any single cue alone doesn't stimulate host-seeking activity. It's only in the context of other cues, such as elevated CO2 and human odor that IR makes a difference," said Montell, the Duggan and Distinguished Professor of Molecular, Cellular, and Developmental Biology. In fact, his team found the same thing in tests with only IR: infrared alone has no impact.

A trick for sensing infrared

It isn't possible for mosquitoes to detect thermal infrared radiation the same way they would detect visible light. The energy of IR is far too low to activate the rhodopsin proteins that detect visible light in animal eyes. Electromagnetic radiation with a wavelength longer than about 700 nanometers won't activate rhodopsin, and IR generated from body heat is around 9,300 nm. In fact, no known protein is activated by radiation with such long wavelengths, Montell said. But there is another way to detect IR.




Consider heat emitted by the sun. The heat is converted into IR, which streams through empty space. When the IR reaches Earth, it hits atoms in the atmosphere, transferring energy and warming the planet. "You have heat converted into electromagnetic waves, which is being converted back into heat," Montell said. He noted that the IR coming from the sun has a different wavelength from the IR generated by our body heat, since the wavelength depends on the temperature of the source.

The authors thought that perhaps our body heat, which generates IR, might then hit certain neurons in the mosquito, activating them by heating them up. That would enable the mosquitoes to detect the radiation indirectly.

Scientists have known that the tips of a mosquito's antennae have heat-sensing neurons. And the team discovered that removing these tips eliminated the mosquitoes' ability to detect IR.

Indeed, another lab found the temperature-sensitive protein, TRPA1, in the end of the antenna. And the UCSB team observed that animals without a functional trpA1 gene, which codes for the protein, couldn't detect IR.

The tip of each antenna has peg-in-pit structures that are well adapted to sensing radiation. The pit shields the peg from conductive and convective heat, enabling the highly directional IR radiation to enter and warm up the structure. The mosquito then uses TRPA1 -- essentially a temperature sensor -- to detect infrared radiation.

Diving into the biochemistry

The activity of the heat-activated TRPA1 channel alone might not fully explain the range over which mosquitoes were able to detect IR. A sensor that exclusively relied on this protein may not be useful at the 70 cm range the team had observed. At this distance there likely isn't sufficient IR collected by the peg-in-pit structure to heat it enough to activate TRPA1.

Fortunately, Montell's group thought there might be more sensitive temperature receptors based on their previous work on fruit flies in 2011. They had found a few proteins in the rhodopsin family that were quite sensitive to small increases in temperature. Although rhodopsins were originally thought of exclusively as light detectors, Montell's group found that certain rhodopsins can be triggered by a variety of stimuli. They discovered that proteins in this group are quite versatile, involved not just in vision, but also in taste and temperature sensing. Upon further investigation, the researchers discovered that two of the 10 rhodopsins found in mosquitoes are expressed in the same antennal neurons as TRPA1.

Knocking out TRPA1 eliminated the mosquito's sensitivity to IR. But insects with faults in either of the rhodopsins, Op1 or Op2, were unaffected. Even knocking out both the rhodopsins together didn't entirely eliminate the animal's sensitivity to IR, although it significantly weakened the sense.

Their results indicated that more intense thermal IR -- like what a mosquito would experience at closer range (for example, around 1 foot) -- directly activates TRPA1. Meanwhile, Op1 and Op2 can get activated at lower levels of thermal IR, and then indirectly trigger TRPA1. Since our skin temperature is constant, extending the sensitivity of TRPA1 effectively extends the range of the mosquito's IR sensor to around 2.5 ft.

A tactical advantage

Half the world's population is at risk for mosquito-borne diseases, and about a billion people get infected every year, Chandel said. What's more, climate change and worldwide travel have extended the ranges of Aedes aegypti beyond tropical and subtropical countries. These mosquitoes are now present in places in the US where they were never found just a few years ago, including California.

The team's discovery could provide a way to improve methods for suppressing mosquito populations. For instance, incorporating thermal IR from sources around skin temperature could make mosquito traps more effective. The findings also help explain why loose-fitting clothing is particularly good at preventing bites. Not only does it block the mosquito from reaching our skin, it also allows the IR to dissipate between our skin and the clothing so the mosquitoes cannot detect it.

"Despite their diminutive size, mosquitoes are responsible for more human deaths than any other animal," DeBeaubien said. "Our research enhances the understanding of how mosquitoes target humans and offers new possibilities for controlling the transmission of mosquito-borne diseases."

In addition, to the Montell team, Vincent Salgado, formerly at BASF, and his student, Andreas Krumhotz, contributed to this study.
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New gels could protect buildings during wildfires | ScienceDaily
As climate change creates hotter, drier conditions, we are seeing longer fire seasons with larger, more frequent wildfires. In recent years, catastrophic wildfires have destroyed homes and infrastructure, caused devastating losses in lives and livelihoods of people living in affected areas, and damaged wildland resources and the economy. We need new solutions to fight wildfires and protect areas from damage.


						
Researchers at Stanford have developed a water-enhancing gel that could be sprayed on homes and critical infrastructure to help keep them from burning during wildfires. The research, published Aug. 21 in Advanced Materials, shows that the new gels last longer and are significantly more effective than existing commercial gels.

"Under typical wildfire conditions, current water-enhancing gels dry out in 45 minutes," said Eric Appel, associate professor of materials science and engineering in the School of Engineering, who is senior author of the paper. "We've developed a gel that would have a broader application window -- you can spray it further in advance of the fire and still get the benefit of the protection -- and it will work better when the fire comes.

Long-lasting protection

Water-enhancing gels are made of super-absorbent polymers -- similar to the absorbent powder found in disposable diapers. Mixed with water and sprayed on a building, they swell into a gelatinous substance that clings to the outside of the structure, creating a thick, wet shield. But the conditions in the vicinity of a wildfire are extremely dry -- temperatures can be near 100 degrees, with high winds and zero percent humidity -- and even water locked in a gel evaporates fairly quickly.

In the gel designed by Appel and his colleagues, the water is just the first layer of protection. In addition to a cellulose-based polymer, the gel contains silica particles, which get left behind when the gels are subjected to heat. "We have discovered a unique phenomenon where a soft, squishy hydrogel seamlessly transitions into a robust aerogel shield under heat, offering enhanced and long-lasting wildfire protection. This environmentally conscious breakthrough surpasses current commercial solutions, offering a superior and scalable defense against wildfires," said the lead author of the study, Changxin "Lyla" Dong.

"When the water boils off and all of the cellulose burns off, we're left with the silica particles assembled into a foam," Appel said. "That foam is highly insulative and ends up scattering all of the heat, completely protecting the substrate underneath it."

The silica forms an aerogel -- a solid, porous structure that is a particularly good insulator. Similar silica aerogels are used in space applications because they are extremely lightweight and can prevent most methods of heat transfer.




The researchers tested several formulations of their new gel by applying them to pieces of plywood and exposing them to direct flame from a gas hand-torch, which burns at a considerably higher temperature than a wildfire. Their most effective formulation lasted for more than 7 minutes before the board began to char. When they tested a commercially available water-enhancing gel in the same way, it protected the plywood for less than 90 seconds.

"Traditional gels don't work once they dry out," Appel said. "Our materials form this silica aerogel when exposed to fire that continues to protect the treated substrates after all the water has evaporated. These materials can be easily washed away once the fire is gone."

A serendipitous discovery

The new gels build off of Appel's previous wildfire prevention work. In 2019, Appel and his colleagues used these same gels as a vehicle to hold wildland fire retardants on vegetation for months at a time. The formulation was intended to help prevent ignition in wildfire-prone areas.

"We've been working with this platform for years now," Appel said. "This new development was somewhat serendipitous -- we were wondering how these gels would behave on their own, so we just smushed some on a piece of wood and exposed it to flames from a torch we had laying around the lab. What we observed was this super cool outcome where the gels puffed up into an aerogel foam."

After that initial success, it took several years of additional engineering to optimize the formulation. It is now stable in storage, easily sprayable with standard equipment, and adheres well to all kinds of surfaces. The gels are made of nontoxic components that have already been approved for use by the U.S. Forest Service, and the researchers conducted studies to show that they are easily broken down by soil microbes.




"They're safe for both people and the environment," Appel said. "There may need to be additional optimization, but my hope is that we can do pilot-scale application and evaluation of these gels so we can use them to help protect critical infrastructure when a fire comes through."

Other co-authors on this work are from California Polytechnic State University.

This work was funded by the Gordon & Betty Moore Foundation, Schmidt Science Fellows, and the National Science Foundation.
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Fisheries research overestimates fish stocks | ScienceDaily
The state of fish stocks in the world's ocean is worse than previously thought. While overfishing has long been blamed on fisheries policies that set catch limits higher than scientific recommendations, a new study by four Australian research institutions reveals that even these scientific recommendations were often too optimistic. The result? Far more global fish stocks are overfished or have collapsed than we thought. Dr Rainer Froese from the GEOMAR Helmholtz Centre for Ocean Research Kiel and Dr Daniel Pauly from the University of British Columbia have provided their insights on the study. In their Perspective Paper, published today in the journal Science alongside the new study, the two fisheries experts call for simpler yet more accurate models and, when in doubt, a more conservative approach to stock assessments.


						
Many fish stocks around the world are either threatened by overfishing or have already collapsed. One of the main reasons for this devastating trend is that policymakers have often ignored the catch limits calculated by scientists, which were intended to be strict thresholds to protect stocks. But it has now become clear that even these scientific recommendations were often too high.

In the European Union (EU), for example, fisheries are primarily managed through allowable catch limits, known as quotas, which are set by the European Council of Agriculture Ministers on the basis of scientific advice and recommendations from the European Commission. A new study by Australian scientists (Edgar et al.) shows that already the scientific advice has been recommending catch limits that were too high.

The journal Science, where the study is published today, asked two of the world's most cited fisheries experts, Dr Rainer Froese from the GEOMAR Helmholtz Centre for Ocean Research Kiel and Dr Daniel Pauly from the University of British Columbia, to interpret the findings. In their Perspective Paper, they advocate for simpler, yet more realistic models based on ecological principles, and call for more conservative stock assessments and management when uncertainties arise.

For the study, Edgar et al. analysed data from 230 fish stocks worldwide and found that stock assessments have often been overly optimistic. They overestimated the abundance of fish and how quickly stocks could recover. Particularly affected are stocks that have already shrunk due to overfishing. The overestimates led to so-called phantom recoveries, where stocks were classified as recovered while, in reality, they continued to decline. "This resulted in insufficient reductions in catch limits when they were most urgently needed," explains Dr Rainer Froese. "Unfortunately, this is not just a problem of the past. Known overestimates of stock sizes in recent years are still not used to corrected this error in current stock assessments."

The research by Edgar et al. also shows that almost a third of stocks classified by the Food and Agriculture Organization (FAO) as "maximally sustainably fished" have instead crossed the threshold into the "overfished" category. Moreover, the number of collapsed stocks (those with less than ten per cent of their original biomass) within the overfished category is likely to be 85 per cent higher than previously estimated.

But what causes these distortions in stock assessments? Standard stock assessments use models that can include more than 40 different parameters, such as fish life history, catch details, and fishing effort. This large number of parameters makes the assessments unnecessarily complex, write Froese and Pauly. The results can only be reproduced by a few experts with access to the original models, data and settings. Moreover, many of the required input parameters are unknown or difficult to estimate, leading modelers to use less reliable values that have worked in the past. Froese notes: "Such practices can skew the results towards the modelers' expectations."

The authors therefore call for a revision of current stock assessment models. They advocate simpler, more realistic models based on ecological principles. They also call for greater use of the precautionary principle: when in doubt, conservative estimates should be used to protect stocks. "In essence, sustainable fishing is simple," says Dr Rainer Froese. "Less fish biomass should be taken than is regrown." Fish must be allowed to reproduce before they are caught, environmentally friendly fishing gear must be used and protected zones must be established. The functioning of important food chains must be preserved by reducing catches of forage fish such as anchovies, sardines, krill or herring -- these are the principles of ecosystem-based sustainable fishing. Froese adds: "Four of these five principles can be implemented even without knowledge of stock sizes."
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Mitochondria are flinging their DNA into our brain cells | ScienceDaily
As direct descendants of ancient bacteria, mitochondria have always been a little alien.


						
Now a study shows that mitochondria are possibly even stranger than we thought.

Mitochondria in our brain cells frequently fling their DNA into the nucleus, the study found, where the DNA becomes integrated into the cells' chromosomes. And these insertions may be causing harm: Among the study's nearly 1,200 participants, those with more mitochondrial DNA insertions in their brain cells were more likely to die earlier than those with fewer insertions.

"We used to think that the transfer of DNA from mitochondria to the human genome was a rare occurrence," says Martin Picard, mitochondrial psychobiologist and associate professor of behavioral medicine at Columbia University Vagelos College of Physicians and Surgeons and in the Robert N. Butler Columbia Aging Center. Picard led the study with Ryan Mills of the University of Michigan.

"It's stunning that it appears to be happening several times during a person's lifetime, Picard adds. "We found lots of these insertions across different brain regions, but not in blood cells, explaining why dozens of earlier studies analyzing blood DNA missed this phenomenon."

Mitochondrial DNA behaves like a virus

Mitochondria live inside all our cells, but unlike other organelles, mitochondria have their own DNA, a small circular strand with about three dozen genes. Mitochondrial DNA is a remnant from the organelle's forebears: ancient bacteria that settled inside our single-celled ancestors about 1.5 billion years ago.




In the past few decades, researchers discovered that mitochondrial DNA has occasionally "jumped" out of the organelle and into human chromosomes.

"The mitochondrial DNA behaves similar to a virus in that it makes use of cuts in the genome and pastes itself in, or like jumping genes known as retrotransposons that move around the human genome," says Mills.

The insertions are called nuclear-mitochondrial segments -- NUMTs ("pronounced new-mites") -- and have been accumulating in our chromosomes for millions of years.

"As a result, all of us are walking around with hundreds of vestigial, mostly benign, mitochondrial DNA segments in our chromosomes that we inherited from our ancestors," Mills says.

Mitochondrial DNA insertions are common in the human brain

Research in just the past few years has shown that "NUMTogenesis" is still happening today.




"Jumping mitochondrial DNA is not something that only happened in the distant past," says Kalpita Karan, a postdoc in the Picard lab who conducted the research with Weichen Zhou, a research investigator in the Mills lab. "It's rare, but a new NUMT becomes integrated into the human genome about once in every 4,000 births. This is one of many ways, conserved from yeast to humans, by which mitochondria talk to nuclear genes."

The realization that new inherited NUMTs are still being created made Picard and Mills wonder if NUMTs could also arise in brain cells during our lifespan.

"Inherited NUMTs are mostly benign, probably because they arise early in development and the harmful ones are weeded out," says Zhou. But if a piece of mitochondrial DNA inserts itself within a gene or regulatory region, it could have important consequences on that person's health or lifespan. Neurons may be particularly susceptible to damage caused by NUMTs because when a neuron is damaged, the brain does not usually make a new brain cell to take its place.

To examine the extent and impact of new NUMTs in the brain, the team worked with Hans Klein, assistant professor in the Center for Translational and Computational Neuroimmunology at Columbia, who had access to DNA sequences from participants in the ROSMAP aging study (led by David Bennett at Rush University). The researchers looked for NUMTs in different regions of the brain using banked tissue samples from more than 1,000 older adults.

Their analysis showed that nuclear mitochondrial DNA insertion happens in the human brain -- mostly in the prefrontal cortex -- and likely several times over during a person's lifespan.

They also found that people with more NUMTs in their prefrontal cortex died earlier than individuals with fewer NUMTs. "This suggests for the first time that NUMTs may have functional consequences and possibly influence lifespan," Picard says. "NUMT accumulation can be added to the list of genome instability mechanisms that may contribute to aging, functional decline, and lifespan."

Stress accelerates NUMTogenesis

What causes NUMTs in the brain, and why do some regions accumulate more than others?

To get some clues, the researchers looked at a population of human skin cells that can be cultured and aged in a dish over several months, enabling exceptional longitudinal "lifespan" studies.

These cultured cells gradually accumulated several NUMTs per month, and when the cells' mitochondria were dysfunctional from stress, the cells accumulated NUMTs four to five times more rapidly.

"This shows a new way by which stress can affect the biology of our cells," Karan says. "Stress makes mitochondria more likely to release pieces of their DNA and these pieces can then 'infect' the nuclear genome," Zhou adds. It's just one way mitochondria shape our health beyond energy production.

"Mitochondria are cellular processors and a mighty signaling platform," Picard says. "We knew they can control which genes are turned on or off. Now we know mitochondria can even change the nuclear DNA sequence itself."
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Physicists shine new light on ultra-fast atomic processes | ScienceDaily
An international team of scientists is the first to report incredibly small time delays in a molecule's electron activity when the particles are exposed to X-rays.


						
To measure these tiny high-speed events, known as attoseconds, researchers used a laser to generate intense X-ray flashes that allowed them to map the inner workings of an atom.

Their findings revealed that when electrons are ejected by X-rays, they interact with another type of particle called the Auger-Meitner electron, causing a secondary pause that's never been detected before. These results have implications for a wide range of research fields, as learning more about these interactions can reveal novel ideas about complex molecular dynamics, said Lou DiMauro, co-author of the study and a professor of physics at The Ohio State University.

"X-rays are interesting probes of matter," DiMauro said. "You could use them to take a series of stop-action snapshots of a molecule as it evolves before or during a chemical reaction."

The study was recently published in Nature.

While there have been many noteworthy leaps in scientists' ability to study attosecond delays using ultraviolet light over the past two decades, for years it was a task made all the more challenging due to the scarcity of advanced tools needed to produce them.

It was so difficult that Pierre Agostini, an emeritus professor of physics at Ohio State, was awarded the 2023 Nobel Prize in Physics for his past work developing techniques to study electron dynamics using pulses of light that lasts for hundreds of attoseconds, a unit of time equivalent to one quintillionth of a second.




It wasn't until relatively recently that new technologies such as the Linac Coherent Light Source (LCLS), a massive free electron laser device at Stanford University's SLAC National Accelerator Laboratory, made these pulses much easier to create and visualize in the lab, said DiMauro.

Using the LCLS, the team studied how electrons inhabit a nitric oxide molecule, focusing on the electron particles that reside near the atom's oxygen core. They found that there were unexpectedly large delays that ranged up to 700 attoseconds, a pattern that suggests more complicated factors could be at play when determining what causes them, said Alexandra Landsman, a co-author of the study and professor of physics at Ohio State.

"We looked at what happens when you take out the electron from deep inside an atom, and what surprised me was how complex the dynamics of those deeply bound electrons were," said Landsman. "This means that behavior is much more complex than scientists thought, and we need better theoretical descriptions to fully describe the light-matter interaction."

Yet despite more research being needed to further understand the structure of these interactions, uncovering formerly hidden details about them also gives scientists new insights to consider, said DiMauro.

For example, if scientists can get a better grasp on intra-particle behavior, some experts speculate that their discoveries could be vital to breakthroughs for early cancer detection technologies, such as being able to use molecular markers to diagnose blood cancers or detect malignant tumors.

Furthermore, this paper suggests that, combined with theoretical models, researchers could use advances in attosecond science to glimpse matter on some of the smallest scales imaginable, as well as study in greater detail many broader mysteries of the physical universe.

"I'm looking forward to seeing how we use attosecond pulses to learn more about science, engineering or nature in general," said DiMauro. "Because what's described in this paper is an indication of a field that's really going to blossom."

This study was supported by the U.S. Department of Energy's Office of Science and Office of Basic Energy Sciences. James Cryan, senior scientist at Stanford's SLAC National Accelerator Laboratory and an Ohio State alum, was the lead author of the study. Lisa Ortmann of Ohio State was also a co-author.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Neuroscientists explore the intersection of music and memory
        New research explores music's impact on learning, memory, and emotions in two studies. One reveals that familiar music can enhance concentration and learning, while the other demonstrates that music with a strong emotional tone can reshape the quality of existing memories. These findings suggest that music could be used for therapeutic interventions for cognitive function, or in conditions like PTSD and depression.

      

      
        A cellular community in the brain drives Alzheimer's disease
        Analysis of 1.6 million brain cells from older adults has captured the cellular changes that occur in Alzheimer's early stages, revealing potential new targets and routes for prevention.

      

      
        Advances in kidney cancer research and care
        New insights into the biology of kidney cancer, including those informed by scientific discoveries that earned a Nobel Prize, have led to advances in treatment and increased survival rates.

      

      
        Ultrasound devise shows promise for treating chronic pain
        Engineers have developed a device that noninvasively stimulates deep brain regions, potentially disrupting the faulty signals that lead to chronic pain. Preliminary trials show the therapy relieves pain after a single treatment.

      

      
        Health impacts of repeated wildfires and smoke exposure
        Public health researchers have highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.

      

      
        'Silent' mutations found to have repercussions beyond their own gene
        Researchers are adding new evidence to the emerging concept that 'silent' or synonymous mutations may have crucial consequences. Their study showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

      

      
        Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play
        Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study.

      

      
        Geographic differences in U.S. homicide rates have decreased since the 1970s
        A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades.

      

      
        Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa
        Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study. The decline is expected to continue to 2050, according to the authors, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.

      

      
        People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided
        Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a new study.

      

      
        New pancreatic cancer treatment proves effective in shrinking, clearing tumors
        Researchers have demonstrated in mice a new method to combat pancreatic cancer. The study outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.

      

      
        Research cracks the autism code, making the neurodivergent brain visible
        A researcher's mathematical modeling approach for brain imaging analysis reveals links between genes, brain structure and autism.

      

      
        Discovery of how blood clots harm brain and body in COVID-19 points to new therapy
        Scientists have solved the mystery of unusual blood clotting and inflammation in COVID-19 -- and identified a promising therapeutic strategy.

      

      
        Robotic arm can be used to perform remote echocardiograms, study shows
        New research shows that echocardiograms performed remotely using robot arm technology have similar accuracy to those performed in person by cardiologists, providing new options for patients with poor access.

      

      
        Moths may use disco gene to regulate day/night cycles
        How does one species become two? A new study shows what happens when individuals of a moth species become separated in time.

      

      
        Protect your teeth with fruit: antimicrobial effects found in biomass compounds
        A research team has verified the antibacterial effect of seven food-derived flavonoids against periodontal pathogenic bacteria. The results showed that though several of the compounds inhibited bacterial growth, Pru-C12 had the highest antimicrobial effect.

      

      
        Bats are surviving and thriving on nothing but sugar
        New research may enable potential solutions to metabolic disease by turning to evolution and to bats. 'Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats,' said one of the researchers. 'We are seeing a new trait we didn't know was possible.'

      

      
        Pain identified as dominant symptom in long COVID
        Pain may be the most prevalent and severe symptom reported by individuals with long COVID, according to a new study. The study analyzed data from over 1,000 people in England and Wales who logged their symptoms on an app between November 2020 and March 2022.

      

      
        In-person contact linked with lower levels of loneliness in older adults
        In-person contact helps lead to lower levels of loneliness in older people, but other ways of staying in touch, such as phoning, emailing or texting, are not as effective in lowering loneliness, a team of researchers found.

      

      
        Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks
        Public healthcare systems are fiscally burdened due to an aging population. So, governments must find a way to persuade citizens to pay more for health insurance. Now, researchers have examined whether informing people about their future self-benefits from the healthcare system could garner support for higher health insurance contributions. While this approach increased support from those unaware of fiscal risks, the effect disappeared once they became aware, offering significant implications for...

      

      
        A healthy lifestyle may counteract diabetes-associated brain aging
        Type 2 diabetes and prediabetes are associated with accelerated brain aging, according to a new study. The good news is that this may be counteracted by a healthy lifestyle.

      

      
        Epigenetics blood markers can help explain dementia risk
        Researchers assessed DNA methylation at 800,000 sites in the genome in blood samples collected from 900 people. The study includes extensive clinical information on participants, who all provided spinal fluid samples, which have been used for diagnosis and monitoring of Alzheimer's disease, because it is in direct contact with the brain. However, collecting the fluid is an invasive procedure, so the team investigated whether they could instead use blood samples, through analyzing blood epigenetic...

      

      
        Kidney donors' risk of death at all-time low
        The risk of death for people who donate a kidney for transplantation -- already small a decade ago -- has dropped by more than half since then, a new study shows.

      

      
        Prioritizing the unexpected: New brain mechanism uncovered
        Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders and schizophrenia spectrum disorders.

      

      
        New insight into the protein mutations that cause Rett syndrome
        Findings bolster the idea that the functions of this protein -- MeCP2 -- are more centered on nucleosomes, rather than other forms of DNA.

      

      
        This new technique for studying cell receptors could have sweeping implications for drug development
        Researchers created a tool capable of comprehensively mapping crucial interactions underlying drug efficacy in one superfamily of cell receptors.

      

      
        Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care
        A research team evaluated the reliability of human experts in comparison to an automated algorithm in assessing the quality of intracranial electroencephalography (iEEG) data.

      

      
        New technology 'lights up' bacteria in wounds for better infection prevention
        New research suggests there may be a more effective method to detect bacteria during wound debridement.

      

      
        Second genetic sensor for DNA methylation discovered
        CDCA7, whose mutations alter DNA methylation pattern and cause immunodeficiency, is a novel sensor for a special class of methylated DNA.

      

      
        Researchers develop affordable, rapid blood test for brain cancer
        Researchers have developed a novel, automated device capable of diagnosing glioblastoma, a fast-growing and incurable brain cancer, in less than an hour. The average glioblastoma patient survives 12-18 months after diagnosis.

      

      
        Brain research: Study shows what your favorite film genres reveal about your brain
        Crime films, action films, comedies, or documentaries? A person's favorite film genre reveals a lot about how their brain works. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favored documentaries or crime films and thrillers had a significantly weaker reaction.

      

      
        New study supports annual breast cancer screening for women over 40
        Women diagnosed with breast cancer who had regular screening mammograms every year were less likely to have late-stage cancer and had higher overall survival than those who received screening every other year or less often, according to new research.

      

      
        Pregnancy after sterilization turns out to be surprisingly common
        Tubal sterilization is thought to be a permanent form of birth control and is the most common method of contraception nationally. But a new study reports that tubal surgery fails often enough that some other forms of birth control are usually more effective.

      

      
        The brain's balancing system
        A finding by neuroscientists could open doors to new treatments for a range of psychiatric and neurological disorders attributed to dysfunctions in specific dopamine pathways.

      

      
        How much microplastic are you drinking? New tool can tell you in minutes
        Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, too. Now, researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

      

      
        Study shows reduced inflammation in residents after adding trees to their neighborhoods
        A new project has found that people living in neighborhoods where the number of trees and shrubs was more than doubled showed lower levels of a blood marker of inflammation than those living outside the planted areas. General inflammation is an important risk indicator for heart disease and other chronic diseases.

      

      
        Game-changing needle-free COVID-19 intranasal vaccine
        A next-generation COVID-19 mucosal vaccine is set to be a gamechanger not only when delivering the vaccine itself, but also for people who are needle-phobic.

      

      
        Under the radar men's health red flags may point to heart problems
        Researchers are calling for general practitioners to take a more proactive approach towards addressing erectile dysfunction (ED) and lower urinary tract symptoms (LUTS), in light of new findings suggesting these conditions may be linked to underlying cardiometabolic disorders. A study highlighted the importance of screening for urinary symptoms in men.

      

      
        Video gaming improves mental well-being, landmark study finds
        A pioneering study titled 'Causal effect of video gaming on mental well-being in Japan 2020-2022,' published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.

      

      
        AI spots cancer and viral infections at nanoscale precision
        Researchers have developed an artificial intelligence which can differentiate cancer cells from normal cells, as well as detect the very early stages of viral infection inside cells. The findings pave the way for improved diagnostic techniques and new monitoring strategies for disease. The AI can detect rearrangements inside cells as small as 20nm, or 5,000 times smaller than the width of a human hair. These alterations are too small and subtle for human observers to find with traditional methods...

      

      
        Metal baseball bats still help Little Leaguers hit a little better
        While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal 'sweet spot.' After testing wood bats and two types of metal bats with youth players, researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the h...

      

      
        A human-centered AI tool to improve sepsis management
        A proposed artificial intelligence tool to support clinician decision-making about hospital patients at risk for sepsis has an unusual feature: accounting for its lack of certainty and suggesting what demographic data, vital signs and lab test results it needs to improve its predictive performance.

      

      
        Dungeons and Dragons can help autistic people gain confidence and find their inner hero
        A new study has shown the roleplaying game Dungeons and Dragons boosts autistic people's confidence and enables them to feel more comfortable with social interactions.

      

      
        New photoacoustic probes enable deep brain tissue imaging
        Neuroscientists have sought to better understand brain function but lacked the capability to observe neuronal activity deep within the brain. Scientists have applied rational molecular engineering to develop photoacoustic probes that can be used deep within brain tissue to label and visualize neurons. This imaging approach expands significantly on what neuroscientists have been able to see with conventional light microscopy, offering the potential to report on deep neuron activity and better unde...

      

      
        Public trust in drinking water safety is low globally
        A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. The study sought to understand public perceptions of drinking water safety. Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

      

      
        Gut bacteria composition influences rotavirus vaccine efficacy
        Certain types of gut bacteria can hinder the efficacy of the rotavirus vaccine, according to researchers.

      

      
        Increased risk of dementia after acute kidney injury
        Acute kidney injury is associated with an increased risk of developing dementia, according to a new study.

      

      
        New way to potentially slow cancer growth
        Fighting cancer effectively often involves stopping cancer cells from multiplying, which requires understanding proteins that the cells rely on to survive. Protein profiling plays a critical role in this process by helping researchers identify proteins -- and their specific parts -- that future drugs should target. But when used on their own, past approaches haven't been detailed enough to spotlight all potential protein targets, leading to some being missed. Now, by combining two methods of prot...

      

      
        Closing the RNA loop holds promise for more stable, effective RNA therapies
        New methods to shape RNA molecules into circles could lead to more effective and long-lasting therapies, shows a new study. The advance holds promise for a range of diseases, offering a more enduring alternative to existing RNA therapies, which often suffer from short-lived effectiveness in the body.

      

      
        Sharing expands caring: Study finds solution to a major source of doctor burnout
        Who hasn't sat in a medical office, listening to computer keys clacking while their provider rapidly types up notes, wondering what they are spending so much time writing about? For doctors, who have always written clinical care notes but increasingly must spend time cataloging billing details, this additional documentation is a major source of job dissatisfaction and burnout. A new study illuminates a solution that can meaningfully reduce the amount of time doctors spend writing notes, without l...
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Neuroscientists explore the intersection of music and memory | ScienceDaily
The soundtrack of this story begins with a vaguely recognizable and pleasant groove. But if I stop writing and just listen for a second, the music reveals itself completely. In Freddie Hubbard's comfortable, lilting trumpet solo over Herbie Hancock's melodic, repetitive piano vamping, I recognize "Cantaloupe Island." Then, with my fingers again poised at the keyboard, Freddie and Herbie fade into the background, followed by other instrumental music: captivating -- but not distracting -- sonic nutrition, feeding my concentration and productivity.


						
Somewhere, I think, Yiren Ren is studying, focused on her research that demonstrates how music impacts learning and memory. Possibly, she's listening to Norah Jones, or another musician she's comfortable with. Because that's how it works: The music we know and might love, music that feels predictable or even safe -- that music can help us study and learn. Meanwhile, Ren has also discovered, other kinds of music can influence our emotions and reshape old memories.

Ren, a sixth-year Ph.D. student in Georgia Tech's School of Psychology, explores these concepts as the lead author of two new research papers in the journals PLOS Oneand Cognitive, Affective, & Behavioral Neuroscience (CABN).

"These studies are connected because they both explore innovative applications of music in memory modulation, offering insights for both every day and clinical use," says Ren.

But the collective research explores music's impacts in very different ways, explains Ren's faculty advisor and co-author of the study, Thackery Brown.

"One paper looks at how music changes the quality of your memory when you're first forming it -- it's about learning," says Brown, a cognitive neuroscientist who runs the MAP (Memory, Affect, and Planning) Lab at Tech. "But the other study focuses on memories we already have and asks if we can change the emotions attached to them using music."

Making Moods With Music

When we watch a movie with a robust score -- music created to induce emotions -- what we're hearing guides us exactly where the composer wants us to go. In their CABN study, Ren, Brown, and their collaborators from the University of Colorado (including former Georgia Tech Assistant Professor Grace Leslie) report that this kind of "mood music" can also be powerful enough to change how we remember our past.




Their study included 44 Georgia Tech students who listened to film soundtracks while recalling a difficult memory. Ren is quick to point out that this was not a clinical trial, so these participants were not identified as people suffering from mood disorders: "We wanted to start off with a random group of people and see if music has the power to modulate the emotional level of their memories."

Turns out, it does. The participants listened to movie soundtracks and incorporated new emotions into their memories that matched the mood of the music. And the effect was lasting. A day later, when the participants recalled these same memories -- but without musical accompaniment -- their emotional tone still matched the tone of the music played the day before.

The researchers could watch all this happening with fMRI (functional magnetic resonance imaging). They could see the altered brain activity in the study participants, the increased connectivity between the amygdala, where emotions are processed, and other areas of the brain associated with memory and integrating information.

"This sheds light on the malleability of memory in response to music, and the powerful role music can play in altering our existing memories," says Ren.

Ren is herself a multi-instrumentalist who originally planned on being a professional musician. As an undergraduate at Boston University, she pursued a dual major in film production and sound design, and psychology.

She found a way to combine her interests in music and neuroscience and is interested in how music therapy can be designed to help people with mood disorders like post-traumatic stress disorder (PTSD) or depression, "particularly in cases where someone might overexaggerate the negative components of a memory," Ren says.




There is no time machine that will allow us to go back and insert happy music into the mix while a bad event is happening and a memory is being formed, "but we can retrieve old memories while listening to affective music," says Brown. "And perhaps we can help people shift their feelings and reshape the emotional tone attached to certain memories."

Embracing the Familiar

The second study asks a couple of old questions: Should we listen to music while we work or study? And if so, are there more beneficial types of music than others? The answer to both questions might lie, at least partially, within the expansive parameters of personal taste. But even so, there are limits.

Think back to my description of "Cantaloupe Island" at the beginning of this story and how a familiar old jazz standard helped keep this writer's brain and fingers moving. In the same way, Norah Jones helps Ren when she's working on new research around music and memory. But if, for some reason, I wanted to test my concentration, I'd play a different kind of jazz, maybe 1950s bebop with its frenetic pace and off-center tone, or possibly a chorus of screeching cats. Same effect. It would demand my attention, and no work would get done.

For this study, Ren combined her gifts as a musician and composer with her research interests in examining whether music can improve -- or impair -- our ability to learn or remember new information. "We wanted to probe music's potential as a mnemonic device that helps us remember information more easily," she says. (An example of a mnemonic device is "Every Good Boy Does Fine," which stands for E-G-B-D-F and helps new piano players learn the order of notes on a keyboard.)

This study's 48 participants were asked to learn sequences of abstract shapes while listening to different types of music. Ren played a piece of music, in a traditional or familiar pattern of tone, rhythm, and melody. She then played the exact same set of notes, but out of order, giving the piece an atonal structure.

When they listened to familiar, predictable music, participants learned and remembered the sequences of shapes quicker as their brains created a structured framework, or scaffold, for the new information. Meanwhile, music that was familiar but irregular (think of this writer and the bebop example) made it harder for participants to learn.

"Depending its familiarity and structure, music can help or hinder our memory," says Ren, who wants to deepen her focus on the neural mechanisms through which music influences human behavior.

She plans to finish her Ph.D. studies this December and is seeking postdoctoral research positions that will allow her to continue the work she's started at Georgia Tech. Building on that, Ren wants to develop music-based therapies for conditions like depression or PTSD, while also exploring new rehabilitation strategies for aging populations and individuals with dementia.

"These early studies reveal that music can both help and hinder our memory, depending on its familiarity and structure," Ren says. "I'm excited to bring together my lifelong love of music with my interest in human memory. Because I think the next phase of my research could provide valuable evidence to support the development of music-based interventions for mental health and cognitive function."
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A cellular community in the brain drives Alzheimer's disease | ScienceDaily
An analysis of more than 1.6 million brain cells from older adults has captured the cellular changes that occur in the early stages of Alzheimer's disease, potentially revealing new routes for preventing the most common cause of dementia in older individuals.


						
The study also identified a second community of cells that drives the older brain down a different path that does not lead to Alzheimer's disease.

"Our study highlights that Alzheimer's is a disease of many cells and their interactions, not just a single type of dysfunctional cell," says Columbia neurologist Philip De Jager, who led the study with Vilas Menon, assistant professor of neurological sciences at Columbia University Vagelos College of Physicians and Surgeons, and Naomi Habib of the Hebrew University of Jerusalem.

"We may need to modify cellular communities to preserve cognitive function, and our study reveals points along the sequence of events leading to Alzheimer's where we may be able to intervene."

Crunching data from 1.6 million brain cells

The study was a technical marvel, cleverly combining new molecular technologies, machine-learning techniques, and a large collection of brains donated by aging adults.

Though previous studies of brain samples from Alzheimer's patients have provided insights into molecules involved in the disease, they have not revealed many details about where in the long sequence of events leading to Alzheimer's those genes play a role and which cells are involved at each step of the process.




"Past studies have analyzed brain samples as a whole and they lose all cellular detail," De Jager says. "We now have tools to look at the brain in finer resolution, at the level of individual cells. When we couple this with detailed information on the cognitive state of brain donors before death, we can reconstruct trajectories of brain aging from the earliest stages of the disease."

The new analysis required over 400 brains, which were provided by the Religious Orders Study and the Memory & Aging Project based at Rush University in Chicago.

Within each brain, the researchers collected several thousand cells from a brain region impacted by Alzheimer's and aging. Every cell was then run through a process -- single-cell RNA sequencing -- that gave a readout of the cell's activity and which of its genes were active.

Data from all 1.6 million cells were then analyzed by algorithms and machine-learning techniques developed by Menon and Habib to identify the types of cells present in the sample and their interactions with other cells.

"These methods allowed us to gain new insights into potential sequences of molecular events that result in altered brain function and cognitive impairment," Menon says. "This was only possible thanks to the large number of brain donors and cells the team was fortunate enough to generate data from."

Aging vs. Alzheimer's

Because the brains came from people at different points in the disease process, the researchers were able to solve a major challenge in Alzheimer's research: identifying the sequence of changes in cells involved in Alzheimer's and distinguishing these changes from those associated with normal brain aging.




"We propose that two different types of microglial cells -- the immune cells of the brain -- begin the process of amyloid and tau accumulation that define Alzheimer's disease," De Jager says.

Then after the pathology has accumulated, different cells called astrocytes play a key role in altering electrical connectivity in the brain that leads to cognitive impairment. The cells communicate with each other and bring in additional cell types that lead to a profound disruption in the way the human brain functions.

"These are exciting new insights that can guide innovative therapeutic development for Alzheimer's and brain aging," De Jager says.

"By understanding how individual cells contribute to the different stages of the disease, we will know the best approach with which to reduce the activity of the pathogenic cellular communities in each individual, returning brain cells to their healthy state," De Jager says.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240828155043.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Advances in kidney cancer research and care | ScienceDaily
New insights into the biology of kidney cancer, including those informed by scientific discoveries that earned a Nobel Prize, have led to advances in treatment and increased survival rates, according to a review by UNC Lineberger Comprehensive Cancer Center's William Kim, MD, and Tracy Rose, MD, MPH.


						
Their observations, drawn from a meta-analysis of 89 studies published between January 2013 and January 2024, were published in JAMA Aug. 28.

"The Nobel Prize in Medicine or Physiology in 2019 was awarded for the discovery of how mammalian cells sense oxygen," said Kim, the Rush S. Dickson Distinguished Professor of Medicine at UNC School of Medicine and co-leader of the UNC Lineberger Cancer Genetics Research Program. "One of the key components of this oxygen sensing pathway is the von Hippel-Lindau tumor suppressor gene, which is mutated in approximately 90% of kidney cancers. This deep understanding of kidney cancer biology has led to several important therapeutic advances in recent years."

Kim trained as a post-doc with William G. Kaelin, Jr., MD, who was jointly awarded the 2019 Nobel Prize for demonstrating how the von Hippel-Lindau gene influences cellular responses to changing oxygen levels.

The American Cancer Society estimates that more than 81,500 people will be diagnosed with kidney cancer in the United States this year, and the disease will cause 14,300 deaths. While the incidence of kidney cancer has been increasing by approximately 1.5% annually in recent years, deaths have decreased by about 2% each year from 2016 to 2020.

This decline in deaths is largely due to improved treatments and early detection. "The majority of kidney cancer cases are now detected incidentally, often before symptoms appear," said Kim. He noted that the widespread use of abdominal imaging for unrelated issues has led to the incidental diagnosis of kidney cancer. "More cases are being identified in earlier stages when the cancer is typically more responsive to treatment."

Cigarette smoking and being overweight are major risk factors for kidney cancer and are linked to nearly half of the cases in the United States. Other risk factors include high blood pressure, a family history of kidney cancer, workplace exposure to certain chemicals, and hereditary conditions, such as von Hippel-Lindau disease.

Current treatment approaches include surgery to remove part or all of the kidney, ablation using targeted heat or cold to destroy the tumor, or active surveillance with imaging technologies to monitor the tumor. For cancers that have metastasized, or spread beyond the kidney, newer treatment options include immune checkpoint inhibitors, tyrosine kinase inhibitors, or a combination of the two approaches.

"Advanced, metastatic kidney cancer is highly treatable with targeted therapy, immunotherapy or a combination of these newer therapies," said Rose, associate professor of medicine at UNC School of Medicine. "Understanding the science underlying the disease has allowed for the rational development of therapies that have positively affected many patients the past two decades."
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Ultrasound devise shows promise for treating chronic pain | ScienceDaily
Pain is a necessary biological signal, but a variety of conditions can cause those signals to go awry. For people with chronic pain, the root is often faulty signals emerging deep within the brain, giving false alarms about a wound that has since healed, a limb that has since been amputated, or other intricate, hard-to-explain scenarios.


						
Patients with this kind of life-altering pain are constantly looking for new treatment options; now a new device from the University of Utah may represent a practical long-sought solution.

Researchers at the university's John and Marcia Price College of Engineering and Spencer Fox Eccles School of Medicine have published promising findings about an experimental therapy that has given many participants relief after a single treatment session. They are now recruiting participants for a final round of trials.

At the core of this research is Diadem, a new biomedical device that uses ultrasound to noninvasively stimulate deep brain regions, potentially disrupting the faulty signals that lead to chronic pain.

The findings from a recent clinical trial are published in the journal Pain. This study constitutes a translation of two previous studies, published in Nature Communications Engineering and IEEE Transactions on Biomedical Engineering, which describe the unique features and characteristics of the device and demonstrate its efficacy.

The study was conducted by Jan Kubanek, a professor in Price's Department of Biomedical Engineering, and Thomas Riis, a postdoctoral researcher in his lab. They collaborated with Akiko Okifuji, professor of Anesthesiology in the School of Medicine, as well as Daniel Feldman, graduate student in the departments of Biomedical Engineering and Psychiatry, and laboratory technician Adam Losser.

The randomized sham-controlled study recruited 20 participants with chronic pain, who each experienced two 40-minute sessions with Diadem, receiving either real or sham ultrasound stimulation. Patients described their pain a day and a week after their sessions, with 60% of the experimental group receiving real treatment reporting a clinical meaningful reduction in symptoms at both points.




"We were not expecting such strong and immediate effects from only one treatment," Riis said.

"The rapid onset of the pain symptom improvements as well as their sustained nature are intriguing, and open doors for applying these noninvasive treatments to the many patients who are resistant to current treatments," Kubanek added.

Diadem's approach is based on neuromodulation, a therapeutic technique that seeks to directly regulate the activity of certain brain circuits. Other neuromodulation approaches are based on electric currents and magnetic fields, but those methods cannot selectively reach the brain structure investigated in the researchers' recent trial: the anterior cingulate cortex.

After an initial functional MRI scan to map the target region, the researchers adjusted Diadem's ultrasound emitters to correct for the way the waves deflect off the skull and other brain structures. This procedure was published in Nature Communications Engineering.

The team is now preparing for a Phase 3 clinical trial, the final step before approval from the Food and Drug Administration to use Diadem as a treatment for the general public.

"If you or your relatives suffer from chronic pain that does not respond to treatments, please reach out to us; we need to recruit many participants so that these treatments can be approved for the general public," Kubanek said. "With your help, we think chronic pain can be effectively silenced. And with new pain treatment options, we can tackle the opioid crisis, too."
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Health impacts of repeated wildfires and smoke exposure | ScienceDaily
University of California, Irvine public health researchers have published a study in the journalEnvironmental Research Health highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.


						
Through detailed focus groups and surveys across four affected locales -- Thermal, Mecca, Oasis and North Shore -- in eastern Coachella Valley, the work provides a comprehensive look at the personal and collective toll these disasters take on residents, says corresponding author Suellen Hopfer, associate professor of health, society and behavior at UC Irvine's Joe C. Wen School of Population & Public Health.

The eastern Coachella Valley is a desert ecosystem within Riverside County with increasingly invasive grasslands coupled with extreme heat that frequently experiences wildfires. Hispanic American populations are well established in the valley, with an estimated 92 percent of residents originating from Latino countries (mostly Mexico). Agriculture and construction are the predominant industries and employers in this region.

Between February and April 2023, Hopfer and her team collected and analyzed 118 valley residents' personal stories of evacuations, health impacts and disruptions to daily life caused by fires and smoke. Their findings are among the few to contribute to the literature about how low-income, marginalized communities can respond to and protect themselves from wildfire threats. They also highlight the strength and perseverance of the people fighting these circumstances.

The residents shared stories with the researchers about physical health issues triggered by wildfire smoke. Breathing difficulties, sinus problems and eye irritation were common, particularly among children, the elderly and those with preexisting conditions. Equally important were the mental health impacts.

Living with persistent smoke and extreme heat, children unable to go outside, and family members working in extreme heat and smoke resulted in continuous psychological stress, anxiety and fear. These psychological stressors were exacerbated by the constant possibility of dangerous wildfires.

"This report is made possible by the eastern Coachella Valley families and community residents who shared their fire experiences and effects with our research team," said Hopfer, who holds a joint appointment in pediatrics. "Through our community-academia partnership, our findings can serve as a critical resource for policymakers, emergency response teams and public health officials aiming to develop more effective support systems to protect ECV's most vulnerable populations."

The findings, she added, underscore the urgent need for improved emergency preparedness and resources. Residents called for better communication channels, affordable trash services to reduce fire risks and tailored fire prevention education in Spanish. The study also emphasizes the importance of community interaction in wildfire mitigation, Hopfer said, with neighbors playing crucial roles in alerting and assisting one another during emergencies.

Additional authors included UC Irvine doctoral candidates Anqi Jiao and Mengyi Li, as well as Jun Wu, professor of environmental and occupational health, from the Joe C. Wen School of Population & Public Health, along with Anna Lisa Vargas from Communities for a New California Education Fund.

This work was supported by a grant from the California Air Resources Board.
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'Silent' mutations found to have repercussions beyond their own gene | ScienceDaily
Genetic disorders -- like cystic fibrosis and Huntington's disease -- are considered incurable, with gene mutations occurring in essentially every cell of the body.


						
Gene mutations occur when one nucleotide in a codon is switched. In non-synonymous mutations, this disrupts the codon's function to code for its amino acid. In synonymous mutations, the codon still codes the correct amino acid. As such, these mutations are dubbed "silent" and often considered inconsequential to human health.

Now, researchers from the University of Notre Dame are adding new evidence to the emerging concept that these silent mutations may have crucial consequences. Their study, published in the Proceedings of the National Academy of Sciences, showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

"The dogma in the field right now is that within the protein coding part of the genome, the only mutations that matter are the ones that change the DNA to code from one amino acid to another," said Patricia L. Clark, the O'Hara Professor of Chemistry and Biochemistry at Notre Dame and lead author of the study. "That's a very oversimplified view -- to the point of being detrimental -- of what matters."

For this study, funded by Clark's Director's Pioneer Award from the National Institutes of Health, researchers experimented with the genome of the bacteria E. coli, as its small genome and simple cell structure make it more straightforward to ask fundamental questions about the impact of mutations than human cells. They created nine different synonymous versions of the CAT (Chloramphenicol acetyltransferase) gene, with each using different synonymous codons to encode the CAT protein.

When those different synonymous versions were expressed, they discovered that four of nine synonymous sequences affected the number of CAT proteins synthesized.

"Think about synonymous mutations like a huge quilt of possible DNA sequences that are all going to give you the same protein," Clark said. "You can pick any part of the quilt and get the same protein, but will you get the same amount of protein? Will the protein fold be the same? Is the cell going to be healthy? This is what we were looking at."

Clark's initial hypothesis, as an expert in protein folding, was that these four synonymous mutations might be altering CAT protein folding, which occurs after gene expression. However, the researchers -- including first author Anabel Rodriguez, then a doctoral student in Clark's lab -- went on to discover that the impact of the synonymous mutations occurs during the gene expression process, affecting the transcription of DNA to RNA.




"What Anabel showed was that the amount of CAT protein synthesis was correlated to the amount of CAT RNA synthesis," Clark said. "This indicated that some synonymous mutations screwed up the synthesis of RNA from DNA. That Anabel was able to figure out this novel transcriptional regulation mechanism, while working in a lab with no previous experience studying transcription, is a remarkable achievement."

The research showed that some of the synonymous mutations created cryptic transcription sites on the CAT DNA strand. RNA polymerase, the enzyme responsible for transcribing DNA to RNA, was binding to these cryptic transcription sites -- instead of their expected binding site.

These polymerases synthesized an RNA that started within CAT, but extended to also encode the entire neighboring, upstream gene. In the case of CAT, the upstream gene encodes a repressor protein, so making more of it represses the expression of CAT.

The concept of a synonymous mutation impacting its own gene's processes has only been considered in the last decade. So the idea that a synonymous mutation on one gene could also affect the transcription and translation processes of a neighboring gene is a significant expansion -- and something Clark and her lab plan to further explore.

"There has been an increasing number of landmark studies that show how incomplete our understanding is on the impact of synonymous mutations. We should be considering how these mutations impact all diseases and genetic disorders," Clark said. "I hope that our study will help accelerate the building of a comprehensive understanding."

Next, the research team plans to analyze how some of the synonymous mutations of the CAT gene were able to recruit RNA polymerase to the cryptic binding location so efficiently. This is especially intriguing given that the currently available machine learning algorithms have not been able to accurately predict it.

Clark serves as an associate vice president of research and director of the Biophysics Instrumentation Core Facility at Notre Dame. Anabel Rodriguez, former graduate student in Clark's lab and current instructor at Coastal Carolina Community College, was the lead author of the study.

Other study co-authors include Jacob Diehl, Christopher Bonar, Taylor Lundgren, McKenze Moss, Jun Li, Tijana Milenkovic, Paul Huber and Matthew Champion from Notre Dame; Gabriel Wright from the Milwaukee School of Engineering; and Scott Emrich from the University of Tennessee.
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Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play | ScienceDaily
Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study published August 28, 2024 in the open-access journal PLOS ONE by Marlene Stratmann of Karlstad University, Sweden, and colleagues.


						
Gender nonconformity (GNC) refers to variations in gender expression from societal and cultural gender norms. In childhood, GNC can manifest itself in several ways, including play behavior, peer relationships, clothing, and body language. Childhood GNC does not directly indicate developing gender dysphoria (GD) later in life, although the phenomena are linked. Recently, studies have begun to establish a high co-occurrence of GNC, GD and autism spectrum disorder. However, most of this work has been carried out in clinical populations with existing diagnoses, which may lead to an overestimation of the associations between GNC and autistic traits and behavioral difficulties in a non-clinical population.

In the new study, researchers analyzed data on 718 children enrolled in the Swedish Environmental Longitudinal, Mother and Child, Asthma and Allergy (SELMA) study for which there were data on play behavior and behavioral outcomes. GNC play behavior was determined using the Preschool Activities Inventory, which includes 12 "feminine" and 12 "masculine" toys, play activities and child characteristics.

In both sexes, higher levels of gender nonconforming play was associated with increased behavioral difficulties. Higher masculine play behavior scores were associated with hyperactivity and inattention in both sexes. Higher feminine play scores in boys were associated with peer relationship problems, while higher masculine play scores in girls were associated with increased likelihood of autistic traits and behavioral difficulties.

The study involves a sample of children of only one age in a single country, and cannot be used to draw any conclusions as to causation. However, the authors conclude that gender nonconformity may be associated with behavioral challenges and difficulties in both sexes, even in children without any diagnoses.

The authors add: "The results showed that children who played more with toys traditionally considered for the opposite gender had more autistic traits and behavioral problems. At the same time it is very important to keep in mind that just because a girl decides to play rougher or a boy plays with dolls, it does not mean that there will be a link to behavioral difficulties or autistic traits in this child."
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Geographic differences in U.S. homicide rates have decreased since the 1970s | ScienceDaily
A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades. Richard Boylan of Rice University in Houston, Texas, US, presents these findings in the open-access journal PLOS ONE on August 28, 2024.


						
Since the 1970s, gaps in economic and social wellbeing between Americans living in different regions have grown. Some researchers hypothesize that areas with reduced economic and social well-being would see higher rates of violent crime. For instance, impoverished areas with lower tax bases might receive less police protection, or a lack of job opportunities may lead to greater involvement in criminal enterprises, in which violence can be an effective tool.

However, few studies have systematically examined potential links between geographic economic disparities and geographic disparities in violent crime rates. To address this gap, Boylan analyzed data from the National Center for Health Statistics, comparing homicide rates between the US's 741 commuting zones across both urban and rural areas -- distinct geographic areas within which most residents live and work, with few commuting into another zone.

Boylan found that, since the 1970s, disparities in US homicide rates between US commuting zones have steadily decreased, even while economic and social inequalities increased.

One potential explanation for these findings, as Boylan notes, is that since the 1970s, geographic disparities in policing, incarceration, and the share of the population that is African American has also decreased across the US. He suggests that future research could examine whether any of these factors could have contributed to the decreased disparities in homicide rates.

Alternatively, Boylan suggests, the expected violence-boosting effects of worsening social and economic conditions in some areas might have been mitigated by state, county, and federal law enforcement bodies stepping in to ensure continued prosecution of violent crime, such as in instances when local police departments were disbanded in economically challenged cities.

In contrast to the homicide findings, the researcher notes, geographic disparities in US life expectancies have increased since the 1960s, likely due to state policies that include tobacco taxes and Medicaid expansions.

Dr. Boylan adds: "There is a perception that job losses in the rust belt have led to an increase in inequality in crime. However, I provide empirical evidence that inequalities across different parts of the country in crime have steadily decreased since the 1960s and that this decrease coincides with decreases in disparities in policing, incarceration, and the share of the population that is African American."
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Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa | ScienceDaily
Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study published in the open access journal, PLOS Global Public Health. The decline is expected to continue to 2050, according to Angela E Apeagyei and researchers at the Institute for Health Metrics and Evaluation, University of Washington, Seattle, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.


						
The research analyses data from databases covering development assistance for health, global health spending and gross domestic spending (GDP) per capita as well as an expected health spending database which provides projected health spending data to 2050. It finds that except for central and eastern Europe and Central Asia, around the world total health spending is expected to rise as a share of GDP, but in Sub-Saharan Africa (except in southern sub-Sahara Africa) it is expected to decrease.

Beyond the challenge of a low prioritization of the health sector in the government budget, another major driver of this decline is a reduction in development assistance for health. The Millennium Development Goals led to a period of growth in health funding, and development assistance for health grew on average 11.1% annually from 2000 until 2015. It has since dropped to just 4.6% and was particularly hit by the global economic issues caused by the COVID pandemic and subsequent economic shocks such as the war in Ukraine. Although government spending on health in Sub-Saharan Africa has increased, and is expected to continue to rise, the gap left by decreases in development assistance will not be met.

Without improvements, this trend will pose a significant challenge to meeting health-related Sustainable Development Goals and the African Union's Africa Agenda 2063. The authors hope that their analysis will help policymakers understand future health spending patterns and can translate the insights into tangible actions that can help navigate the region's complex economic and health challenges.

The authors add: "For countries in sub-Saharan Africa, the projected growth in donor and government funding for health is expected to be significantly lower compared to countries in other regions. This worrying trend underscores the need to prioritize innovative financing strategies to strengthen health systems in line with the region's economic growth and the broader health needs of its population."
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People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided | ScienceDaily
Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a study published August 28, 2024 in the open-access journal PLOS Mental Health by Nick Haslam from the University of Melbourne, Australia, and colleagues.


						
In recent years, there's been a general shift to increased diagnoses of mental ill-health. Here, Haslam and colleagues investigate the implications of diagnosing individuals presenting with mild or marginal symptoms. In this research, symptoms were judged to be mild or marginal by members of the public who rated different examples ranging in severity from clearly below to clearly above the diagnostic threshold as determined by a scale in a prior study.

Haslam and colleagues provided research participants (who were U.S. adults recruited from an online platform) with short vignettes describing people presenting with mild or marginal symptoms of different mental illnesses. 261 participants in Study 1 were given three labeled ("This person has a diagnosis of ___") or unlabeled vignettes describing people presenting with symptoms of major depressive disorder (MDD), bipolar disorder (BD), or generalized anxiety disorder (GAD). 684 participants in Study 2 were given one labeled or unlabeled vignette describing someone presenting with either post-traumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD), or binge-eating disorder (BED). Participants were asked about their empathy for the described individual, their support in offering accommodations (e.g. "This person's employer should not hesitate to offer them extra time to complete work-related tasks"), their suitability for mental health treatment, the persistence of their difficulties (e.g. "This person is likely to fully recover from their problems."), and their identity (e.g. "This person's problems are an important part of who they are" (Study 2 only)).

In Study 1, labeled individuals tended to elicit more empathy and be seen as more suitable for treatment versus unlabeled individuals, but were also believed to have more persistent problems. Study 2 differed from Study 1 in that there was no significant difference between empathy for labeled versus unlabeled individuals, but it also found that labelled individuals were seen to have less capacity to overcome their problems. Participants' ratings varied significantly depending on the described disorder, with MDD and PTSD eliciting especially high empathy and accommodation support.

The results suggest that expansive diagnostic concepts that include relatively mild symptoms may promote help-seeking, empathy, and support, but also undermine perceived agency and expectations that problems can be overcome. It's critical to remember that the severity of symptoms of individuals with the conditions referred to in this study can change over time and "mild" is subjective. Additionally, the choice to obtain or choose a diagnostic label is a personal one and varies between individuals, conditions and communities.

The authors add: "Applying diagnostic labels to relatively mild forms of distress has mixed blessings. Our research shows that it can increase empathy and support for the person, but also make their problems seem out of their control and harder to overcome."
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New pancreatic cancer treatment proves effective in shrinking, clearing tumors | ScienceDaily
Researchers at the University of Massachusetts Amherst and UMass Chan Medical School have demonstrated in mice a new method to combat pancreatic cancer. The study, published in Science Translational Medicine, outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.


						
Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic cancer. With a dismal,13% five-year survival rate, it is the third leading cause of cancer deaths.

One major challenge is the microenvironment surrounding the tumor. This environment is characterized by dense tissue creating a barrier around the tumor that inhibits blood vessel formation and blocks immune infiltration.

"Drug delivery is a huge challenge due to the architecture of these difficult-to-treat tumors' microenvironment," says Prabhani Atukorale, assistant professor of biomedical engineering at UMass Amherst and one of the corresponding authors of the paper. She adds that the environment also blocks the activation of the body's immune cells and their penetration into the tumor.

"Pancreas cancer, unfortunately, doesn't respond to most conventional therapies like chemotherapy, or even immunotherapy, which has revolutionized a lot of cancer therapy in the last 10 years," says Marcus Ruscetti, assistant professor of molecular, cell and cancer biology at UMass Chan Medical School, and the other corresponding author.

Ruscetti's previous research demonstrated that two cancer drugs (MEK inhibitor trametinib and CDK4/6 inhibitor palbociclib, or T/P) can promote blood vessel development, enabling greater T cell (as well as chemotherapy) delivery into the tumor. However, the cancer "tricks" the immune system into thinking that the tumor is just a regular, healthy clump of cells. Since the T cells aren't activated, simply having more of them present won't clear the cancer.

Here's where the researchers want to implement a trick of their own. The first pathway is called the stimulator of interferon genes (STING) pathway. STING recognizes viral infections in the body. "If we can trick the immune system into thinking that there is a viral-type infection, then we harness a very robust anti-tumor immune response to bring in for tumor immunotherapy," Atukorale explains.




The researchers also wanted to activate the TRL4 pathway because it boosts the effects of STING activation. They use agonists, which are any chemicals that can trigger a biological response; in this case, in immune stimulatory pathways. But getting these immunity-triggering chemicals through the tumor's microenvironment is still a challenge.

The researchers' solution: encapsulating the STING and TRL4 agonists in a novel design of lipid-based nanoparticles. The nanoparticles have several benefits. First, the research demonstrated that they are highly effective at delivering the agonists into the challenging tumor microenvironment.

The design also allows both of the agonists to be packaged together -- a challenge since these two mix as well as oil and water. "It ensures that they are carried within the blood circulation together, they reach the same target cell together and are taken up together by the same target cell," says Atukorale.

"We're using biocompatible, lipid-based materials to encapsulate drugs that functionally work together, but don't like to be next to each other, and then we are able to use engineering capabilities to build in various functionalities to direct them where they need to go," she says.

The synergistic effect of the two agonists plus the T/P therapy proved effective: eight out of nine of the mice saw tumor necrosis and shrinkage. "And we had two mice that had complete responses, meaning the tumors completely went away, which is pretty striking," says Ruscetti. "We've never seen that in this model before."

There is still work to be done because the tumors returned after the mice were taken off of the treatment, but Ruscetti says it is still a very encouraging step toward a cure.

"If you go beyond pancreas cancer to other cancer types, you need a combination therapy to target the tumor and to target the immune system," he adds. "This is a strategy to be able to do that." Treatments for cancers like PDAC that could be derived from this study include mutations of colon cancer, lung cancer, liver cancer and cholangiocarcinoma (cancer of the bile ducts).

Prabhani adds that the modular nature of this design allows for therapies that can be easily personalized for patients. "It's sort of plug and play," she says. "We can tailor the agonist ratios, the drug combinations, the targeting molecules, but keeping essentially the same platform. This is what will make it hopefully translational, but also tunable on a per patient basis, because many of these cancer therapies need to be personalized."

Finally, she nods to the power of collaboration between the two UMass institutions, saying, "This type of system is easily built when you have complementary, but multidisciplinary and cross-disciplinary, expertise."
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Research cracks the autism code, making the neurodivergent brain visible | ScienceDaily
A multi-university research team co-led by University of Virginia engineering professor Gustavo K. Rohde has developed a system that can spot genetic markers of autism in brain images with 89 to 95% accuracy.


						
Their findings suggest doctors may one day see, classify and treat autism and related neurological conditions with this method, without having to rely on, or wait for, behavioral cues. And that means this truly personalized medicine could result in earlier interventions.

"Autism is traditionally diagnosed behaviorally but has a strong genetic basis. A genetics-first approach could transform understanding and treatment of autism," the researchers wrote in a paper published June 12 in the journal Science Advances.

Rohde, a professor of biomedical and electrical and computer engineering, collaborated with researchers from the University of California San Franscisco and the Johns Hopkins University School of Medicine, including Shinjini Kundu, Rohde's former Ph.D. student and first author of the paper.

While working in Rohde's lab, Kundu -- now a physician at the Johns Hopkins Hospital -- helped develop a generative computer modeling technique called transport-based morphometry, or TBM, which is at the heart of the team's approach.

Using a novel mathematical modeling technique, their system reveals brain structure patterns that predict variations in certain regions of the individual's genetic code -- a phenomenon called "copy number variations," in which segments of the code are deleted or duplicated. These variations are linked to autism.

TBM allows the researchers to distinguish normal biological variations in brain structure from those associated with the deletions or duplications.




"Some copy number variations are known to be associated with autism, but their link to brain morphology -- in other words, how different types of brain tissues such as gray or white matter, are arranged in our brain -- is not well known," Rohde said. "Finding out how CNV relates to brain tissue morphology is an important first step in understanding autism's biological basis."

How TBM Cracks the Code

Transport-based morphometry is different from other machine learning image analysis models because the mathematical models are based on mass transport -- the movement of molecules such as proteins, nutrients and gases in and out of cells and tissues. "Morphometry" refers to measuring and quantifying the biological forms created by these processes.

Most machine learning methods, Rohde said, have little or no relation to the biophysical processes that generated the data. They rely instead on recognizing patterns to identify anomalies.

But Rohde's approach uses mathematical equations to extract the mass transport information from medical images, creating new images for visualization and further analysis.

Then, using a different set of mathematical methods, the system parses information associated with autism-linked CNV variations from other "normal" genetic variations that do not lead to disease or neurological disorders -- what the researchers call "confounding sources of variability."

These sources previously prevented researchers from understanding the "gene-brain-behavior" relationship, effectively limiting care providers to behavior-based diagnoses and treatments.




According to Forbes magazine, 90% of medical data is in the form of imaging, which we don't have the means to unlock. Rohde believes TBM is the skeleton key.

"As such, major discoveries from such vast amounts of data may lie ahead if we utilize more appropriate mathematical models to extract such information."

The researchers used data from participants in the Simons Variation in Individuals Project, a group of subjects with the autism-linked genetic variation.

Control-set subjects were recruited from other clinical settings and matched for age, sex, handedness and non-verbal IQ while excluding those with related neurological disorders or family histories.

"We hope that the findings, the ability to identify localized changes in brain morphology linked to copy number variations, could point to brain regions and eventually mechanisms that can be leveraged for therapies," Rohde said.

Publication

Discovering the gene-brain-behavior link in autism via generative machine learning was published June 12, 2024, in Science Advances.

Additional co-authors are Haris Sair of the Johns Hopkins School of Medicine and Elliott H. Sherr and Pratik Mukherjee of the University of California San Francisco's Department of Radiology.

The research received funding from the National Science Foundation, National Institutes of Health, Radiological Society of North America and the Simons Variation in Individuals Foundation.
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Discovery of how blood clots harm brain and body in COVID-19 points to new therapy | ScienceDaily
In a study that reshapes what we know about COVID-19 and its most perplexing symptoms, scientists have discovered that the blood coagulation protein fibrin causes the unusual clotting and inflammation that have become hallmarks of the disease, while also suppressing the body's ability to clear the virus.


						
Importantly, the team also identified a new antibody therapy to combat all of these deleterious effects.

Published in Nature, the study by Gladstone Institutes and collaborators overturns the prevailing theory that blood clotting is merely a consequence of inflammation in COVID-19. Through experiments in the lab and with mice, the researchers show that blood clotting is instead a primary effect, driving other problems -- including toxic inflammation, impaired viral clearance, and neurological symptoms prevalent in those with COVID-19 and long COVID.

The trigger is fibrin, a protein in the blood that normally enables healthy blood coagulation, but has previously been shown to have toxic inflammatory effects. In the new study, scientists found that fibrin becomes even more toxic in COVID-19 as it binds to both the virus and immune cells, creating unusual clots that lead to inflammation, fibrosis, and loss of neurons.

"Knowing that fibrin is the instigator of inflammation and neurological symptoms, we can build a new path forward for treating the disease at the root," says Katerina Akassoglou, PhD, a senior investigator at Gladstone and the director of the Center for Neurovascular Brain Immunology at Gladstone and UC San Francisco. "In our experiments in mice, neutralizing blood toxicity with fibrin antibody therapy can protect the brain and body after COVID infection."

From the earliest months of the pandemic, irregular blood clotting and stroke emerged as puzzling effects of COVID-19, even among patients who were otherwise asymptomatic. Later, as long COVID became a major public health issue, the stakes grew even higher to understand the cause of this disease's other symptoms, including its neurological effects. More than 400 million people worldwide have had long COVID since the start of the pandemic, with an estimated economic cost of about $1 trillion each year.

Flipping the Conversation

Many scientists and medical professionals have hypothesized that inflammation from the immune system's rapid reaction to the COVID-causing virus is what leads to blood clotting and stroke. But even at the dawn of the pandemic in 2020, that explanation didn't sound right to Akassoglou and her scientific collaborators.




"We know of many other viruses that unleash a similar cytokine storm in response to infection, but without causing blood clotting activity like we see with COVID," says Warner Greene, MD, PhD, senior investigator and director emeritus at Gladstone, who co-led the study with Akassoglou.

"We began to wonder if blood clots played a principal role in COVID -- if this virus evolved in a way to hijack clotting for its own benefit," Akassoglou adds.

Indeed, through multiple experiments in mice, the researchers found that the virus spike protein directly binds to fibrin, causing structurally abnormal blood clots with enhanced inflammatory activity. The team leveraged genetic tools to create a specific mutation that blocks only the inflammatory properties of fibrin without affecting the protein's beneficial blood-clotting abilities.

When mice were genetically altered to carry the mutant fibrin or had no fibrin in their bloodstream, the scientists found that inflammation, oxidative stress, fibrosis, and clotting in the lungs didn't occur or were much reduced after COVID-19 infection.

In addition to discovering that fibrin sets off inflammation, the team made another important discovery: fibrin also suppresses the body's "natural killer," or NK, cells, which normally work to clear the virus from the body. Remarkably, when the scientists depleted fibrin in the mice, NK cells were able to clear the virus.

These findings support that fibrin is necessary for the virus to harm the body.




Mechanism Not Triggered by Vaccines

The fibrin mechanism described in the paper is not related to the extremely rare thrombotic complication with low platelets that has been linked to adenoviral DNA COVID-19 vaccines, which are no longer available in the U.S.

By contrast, in a study of 99 million COVID-vaccinated individuals led by The Global COVID Vaccine Safety Project, vaccines that leverage mRNA technology to produce spike proteins in the body exhibited no excessive clotting or blood-based disorders that met the threshold for safety concerns. Instead, mRNA vaccines protect from clotting complications otherwise induced by infection.

Protecting the Brain

Akassoglou's lab has long investigated how fibrin that leaks into the brain triggers neurologic diseases, such as Alzheimer's disease and multiple sclerosis, essentially by hijacking the brain's immune system and setting off a cascade of harmful, often irreversible, effects.

The team now showed that in COVID-infected mice, fibrin is responsible for the harmful activation of microglia, the brain's immune cells involved in neurodegeneration. After infection, the scientists found fibrin together with toxic microglia and when they inhibited fibrin, the activation of these toxic cells in the brains of mice was significantly reduced.

"Fibrin that leaks into the brain may be the culprit for COVID-19 and long COVID patients with neurologic symptoms, including brain fog and difficulty concentrating," Akassoglou says. "Inhibiting fibrin protects neurons from harmful inflammation after COVID-19 infection."

The team tested its approach on different strains of the virus that causes COVID-19, including those that can infect the brain and those that do not. Neutralizing fibrin was beneficial in both types of infection, pointing to the harmful role of fibrin in brain and body in COVID-19 and highlighting the broad implications of this study.

A New Potential Therapy

This study demonstrates that fibrin is damaging in at least two ways: by activating a chronic form of inflammation and by suppressing a beneficial NK cell response capable of clearing virally infected cells.

"We realized if we could neutralize both of these negative effects, we could potentially resolve the severe symptoms we're seeing in patients with COVID-19 and possibly long COVID," Greene says.

Akassoglou's lab previously developed a drug, a therapeutic monoclonal antibody, that acts only on fibrin's inflammatory properties without adverse effects on blood coagulation and protects mice from multiple sclerosis and Alzheimer's disease.

In the new study, the team showed that the antibody blocked the interaction of fibrin with immune cells and the virus. By administering the immunotherapy to infected mice, the team was able to prevent and treat severe inflammation, reduce fibrosis and viral proteins in the lungs, and improve survival rates. In the brain, the fibrin antibody therapy reduced harmful inflammation and increased survival of neurons in mice after infection.

A humanized version of Akassoglou's first-in-class fibrin-targeting immunotherapy is already in Phase 1 safety and tolerability clinical trials in healthy people by Therini Bio. The drug cannot be used on patients until it completes this Phase 1 safety evaluation, and then would need to be tested in more advanced trials for COVID-19 and long COVID.

Looking ahead to such trials, Akassoglou says patients could be selected based on levels of fibrin products in their blood -- a measure believed to be a predictive biomarker of cognitive impairment in long COVID.

"The fibrin immunotherapy can be tested as part of a multipronged approach, along with prevention and vaccination, to reduce adverse health outcomes from long COVID," Greene adds.

The Power of Team Science

The study's findings intersect the scientific areas of immunology, hematology, virology, neuroscience, and drug discovery -- and required many labs across institutions to work together to execute experiments required to solve the blood-clotting mystery. Akassoglou founded the Center for Neurovascular Brain Immunology at Gladstone and UCSF in 2021 specifically for the purpose of conducting multidisciplinary, collaborative studies that address complex problems.

"I don't think any single lab could have accomplished this on their own," says Melanie Ott, MD, PhD, director of the Gladstone Institute of Virology and co-author of the study, noting important contributions from teams at Stanford, UC San Francisco, UC San Diego, and UCLA. "This tour-de-force study highlights the importance of collaboration in tackling these big questions."

Not only did this study address a big question, but it did so in a way that paves a clear clinical path for helping patients who have few options today, says Lennart Mucke, MD, director of the Gladstone Institute of Neurological Disease.

"Neurological symptoms of COVID-19 and long COVID can touch every part of a person's life, affecting cognitive function, memory, and even emotional health," Mucke says. "This study presents a novel strategy for treating these devastating effects and addressing the long-term disease burden of the SARS-CoV-2 virus."
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Robotic arm can be used to perform remote echocardiograms, study shows | ScienceDaily
New research presented at this year's ESC Congress 2024 in London, UK (30 Aug -- 2 Sept) shows that performing echocardiograms remotely using a 5G cellular network has similar accuracy to those performed in person by cardiologists.


						
"Comprehensive echocardiographic exam with a 5G cellular network and robotic arm-based remote system is feasible with relatively good diagnostic accuracy," said study author Dr Yu Liu, Zhongshan Hospital, Shanghai, China.

Echocardiography is the test-of-choice for the initial evaluation of many cardiac diseases and requires the expertise of a cardiologist for interpretation. However, this expertise is often limited or unavailable in rural or indeed smaller urban areas. Robotic arm-assisted remote echocardiograms have been attempted for teleconsultation in previous studies, but analysis was limited to heart failure patients, primarily due to the network delay in telecommunications and the subsequent inadequate control of the robotic arm equipment.

In this study, the authors assessed the feasibility and diagnostic accuracy of a 5G cellular network and robotic arm-based remote echocardiographic system in an outpatient clinic based 20 kilometres away from Zhongshan Hospital. A total of 51 patients were enrolled from the outpatient cardiology clinic. All underwent standard comprehensive echocardiography on a 5G cellular network robotic arm-based remote echocardiographic system, as well as a conventional echocardiographic platform (at Zhongshan Hospital) successively.

The order in which patients were examined on the remote and conventional instruments was randomly determined. There was no interval between the two examinations, and examinations of the same patient were performed by experienced but different cardiologists, who were blinded to each other's diagnosis. The doctor who used the remote system was also randomly allocated and had not been previously specifically trained. The examinations were real time and diagnoses were made immediately after the examinations.

From the 51 patients, the image quality was sufficient for diagnosis in 50 patients (24 (48%) female). A single patient was excluded because some key views could not be obtained using the remote system, meaning 98% of the examinations had been technically successful.

Around one third (17 patients) had a heart problem identified using conventional in person echocardiography, including 10 with a primary diagnosis of valvulopathy (1 Barlow's syndrome, 1 bicuspid aortic valve and 8 less-than-moderate regurgitation), 2 cardiac surgery follow-ups (1 case of aortic valve replacement and septal myectomy, and 1 case of mitral valve replacement and tricuspid annuloplasty), and 2 hypertrophy cardiomyopathy (including 1 case of obstruction at papillary muscle level), 2 with abnormal left ventricular wall motion (including 1 case of apical mural thrombus), and 1 with congenital heart disease (secumdum atrial septal defect).




Echocardiograms using the robotic arm resulted in the same diagnosis as conventional in-person echocardiography in 98% of cases (papillary muscle level obstruction was missed in one case).

Time for image acquisition using remote echocardiography was significantly longer (around 50% longer) than conventional (24 mins 36 secs vs. 16 mins 15 secs).

A previous version of the robotic arm has been cleared for clinical use in scanning the abdomen (China, Europe, Australia and Singapore), which requires less complex scanning manoeuvres. However, the authors say a multi-centre study at a larger scale with both other local hospital and referral centres involved should be carried out before this new technology should be used.

Although 5G technology is not available everywhere, lead-author Xianhong Shu, also of Zhongshan Hospital, said: "This system would increase the accessibility of better medical resources as patients may travel less to get diagnosis and medical advice from cardiologists based in referral centres."

She adds there are further potential advantages: "A remote robotic echo system may help protect more health professionals from the risk of exposure during pandemics like the COVID-19 as the cardiologist may not need to be in close contact with the patient if only echocardiogram consultation is required."
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Moths may use disco gene to regulate day/night cycles | ScienceDaily
How does one species become two? If you're a biologist, that's a loaded question. The consensus is that, in most cases, the process of speciation occurs when individuals from a single population become geographically isolated. If they remain separate long enough, they lose the ability to interbreed.


						
A new study published in the journal Proceedings of the Royal Society B: Biological Sciences demonstrates what happens when a less common form of speciation occurs. Rather than being separated by a physical barrier, such as a mountain range or an ocean, members of a species can become separated in time.

The researchers focused on two closely related moth species with overlapping ranges in the southeastern United States.

"These two are very similar," said lead author Yash Sondhi, who conducted research for the study while working at Florida International University and later at the Florida Museum of Natural History. "They've differentiated along this one axis, which is when they fly."

Rosy maple moths, in the genus Dryocampa, look like what you'd get if Roald Dahl painted something from a fever dream. They bear a thick lion's mane above their head and abdomen, and their vibrant scales are the color of strawberry and banana taffy. Both male and female rosy moths fly exclusively at night.

Pink-striped oakworm moths, in the genus Anisota, are less flashy, with subtle grades of ochre, umber and marl. While females of this species are active at dusk and early evening, the males prefer to fly during the day.

Sondhi knew from previous research that these two groups, Dryocampa and Anisota, originated from a single species approximately 3.8 million years ago, which is relatively recent on evolutionary time scales. There's a handful of species in the genus Anisota, all of which are active during the day. The nocturnal rosy maple moths are the only species in the genus Dryocampa.




Sondhi specializes in the biology of insect vision and saw the moth pair as the perfect opportunity to explore how vision evolves when a species switches up its pattern of activity.

But things didn't go as planned.

"I went in looking for differences in color vision. Instead, we found differences in their clock genes, which in hindsight makes sense," Sondhi said.

Clock genes control the circadian rhythm of plants and animals. The ebb and flow of the proteins they create causes cells to become either active or dormant over a period of roughly 24 hours. They affect everything from metabolism and cell growth to blood pressure and body temperature.

For any organism reversing its pattern of activity, clock genes are virtually guaranteed to be involved. "It's a system that's been retained in everything from fruit flies to mammals and plants. They all have some kind of time-keeping mechanism," he said.

Sondhi compared the transcriptomes of the two moths. Unlike genomes, which contain the entirety of an organism's DNA, transcriptomes contain only the subset of genetic material that is being actively used to make proteins. This makes them useful for exploring differences in protein levels throughout the day.




As expected, Sondhi found a number of genes that were expressed in different quantities in the two moth species. Nocturnal rosy maple moths invested more energy in their sense of smell, whereas the day-flying oakworm moth produced more genes associated with vision.

There were, however, no differences in the genes that confer the ability to see color. That doesn't necessarily mean that their color vision is identical, but if differences do exist, they are likely at the level of tuning and sensitivity and not in the structure of the genes themselves.

There was an additional gene that stood out. Disconnected, or disco, was expressed at different levels during the day and night in both species. In fruit flies, disco is known to indirectly influence circadian rhythms through the production of neurons that transmit clock enzymes from the brain to the body.

The disco gene Sondhi found in his moth samples was twice the size of its fruit fly counterpart, and it had additional zinc fingers -- active portions of a gene that directly interacts with DNA, RNA and proteins. It seemed likely that changes in the disco gene were at least partially responsible for the switch to night-flying in rosy maple moths.

When he compared the disco gene of rosy maple moths with the one in oakworms, he found 23 mutations that made each distinct from the other. The mutations were also located in active portions of the gene, meaning they likely contribute to observable physical differences between the moths. Sondhi was looking at evolution in action.

"If this is functionally confirmed, this is a really concrete example of the mechanism behind how they speciated at the molecular level, which is rare to come by," he said.

The study is also an important push for a better understanding of the various ways in which life sustains and propagates itself. When genetics first became a field of study, researchers focused most their efforts on a few representative species, such as fruit flies or lab mice. This was done primarily for the sake of expediency, but it limits how much we know about broad biological patterns. Just as a human is not a lab mouse, a moth is not a fruit fly.

"As species continue to decline due to climate change and other anthropogenic changes, we'll need to genetically engineer a greater number of the ones that remain to enable drought tolerance, for example, or to be active in light polluted regimes. To do that consistently, having a broader pool of functionally characterized genes across organisms is crucial. We can't just use Drosophila," Sondhi said.
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Protect your teeth with fruit: antimicrobial effects found in biomass compounds | ScienceDaily
Periodontal disease is an inflammatory disease caused by a periodontal pathogenic bacteria infection that affects oral and internal health. Good oral care is essential for prevention, but most over-the-counter oral hygiene products are disinfectants that can be highly irritating. This makes them unsuitable for use by young children and the elderly, who are susceptible to periodontal disease.


						
To find an antibacterial that is easy to use and effective in preventing periodontal disease at all ages, Professor Shigeki Kamitani of Osaka Metropolitan University's Graduate School of Human Life and Ecology led a research team in verifying the antibacterial effect of seven different compounds. Prunin laurate (Pru-C12) and its analogs were tested against the periodontal pathogenic bacteria, Porphyromonas gingivalis.

The results showed that while several of the compounds inhibited bacterial growth, Pru-C12, which can be derived from biomass such as that of citrus plants and coconut-derived components, had the highest antimicrobial effect.

"Pru-C12 is tasteless and hypoallergenic," Professor Kamitani stated. "If its safety in humans is confirmed in the future, it could be an inexpensive antimicrobial solution."
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Bats are surviving and thriving on nothing but sugar | ScienceDaily
Humans must regulate blood sugar concentrations to stay healthy and to fuel our cells. Too little or too much can cause serious health complications, and high blood sugar is a hallmark of the metabolic condition, diabetes. New research from the Stowers Institute for Medical Research may enable potential solutions to metabolic disease by turning to evolution and to bats.


						
Recently published in Nature Ecology and Evolution on August 28, 2024, the study led by co-first authors Postdoctoral Research Associate Jasmin Camacho, Ph.D., and former Stowers researcher Andrea Bernal-Rivera from the lab of Stowers Associate Investigator Nicolas Rohner, Ph.D., reports the highest naturally occurring blood sugar concentrations in mammals ever observed, a finding that suggests bats have evolved strategies to survive, and even thrive, with this extreme trait.

"Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats," said Camacho. "We are seeing a new trait we didn't know was possible."

Thirty million years ago, the Neotropical leaf-nosed bat survived solely on insects. Since then, these bats have diversified into many different species by changing what they eat. From insects, different lineages now specialize on diets ranging from fruits, nectar, meat, and everything in between -- even just blood.

"Looking to animals that have existed for millions of years allows us to start to catalog changes that have happened over evolution," said Camacho. "What makes Neotropical leaf-nosed bats so unique to study is that this group is comprised of many different species with very diverse diets, making it feasible to find answers about how diet evolves. The hope is that we can extend this understanding to other mammals, including humans, where there may be ways to learn how to better protect our own health."

To uncover how bats diversified their diets, the team traveled to the jungles of Central America, South America, and the Caribbean to conduct fieldwork over several years. These catch-and-release expeditions were focused on performing glucose tolerance tests -- measuring the concentration of sugar in blood -- on nearly 200 wild-caught bats across 29 species after a single feeding of one of three types of sugars associated with diets of insects, fruits, or nectar.

"We saw various ways sugar is assimilated -- absorbed, stored and used in the body -- and how this process has become specialized due to different diets," said Bernal-Rivera.




The mechanism for maintaining blood sugar levels within a narrow, healthy range is called glucose homeostasis, which is typically regulated by the hormone insulin and is what goes awry in diabetes. Different species of leaf-nosed bats reveal a spectrum of adaptations to glucose homeostasis, ranging from changes in intestinal anatomy to genetic alterations for proteins that transport sugar from blood to cells.

"Fruit bats have honed their insulin signaling pathway to lower blood sugar," said Camacho. "On the other extreme, nectar bats can tolerate high blood glucose levels, similar to what is observed in people with unregulated diabetes. They have evolved a different mechanism, and it does not seem to depend on insulin."

Although precisely how nectar bats are managing glucose is still under investigation, the researchers found potential clues for alternative metabolic strategies for glucose regulation. Bats with sugar-rich diets were observed to have longer portions of their intestines and to have intestinal cells with greater surface areas for absorbing nutrients from food, compared to bats with other diets. In addition, nectar bats, unique from fruit bats, have a continual expression of a gene responsible for sugar transport, a trait also observed in a species of hummingbird.

"This study establishes extremely important resources for the field," said Nadav Ahituv, Ph.D., a bioengineering and genetics professor at the University of California, San Francisco. "It provides not only metabolic characteristics of various bat species with different diets, but also their intestinal morphology, and candidate genomic regions and protein structural differences that could be driving dietary adaptations."

"The datasets will fuel future research that aims to differentiate mammalian dietary differences and could progress the development of novel therapeutics for a variety of metabolic diseases in humans," said Ahituv.

Additional authors include Valentina Pena, Sofia Robb, Ph.D., Jonathon Russell, Kexi Yi, Ph.D., Yongfu Wang, Ph.D., Dai Tsuchiya, Ph.D., and Oscar Murillo-Garcia, Ph.D. 

This work was supported by the National Science Foundation's Postdoctoral Research Fellowships in Biology (award: 2109717), the Burroughs Wellcome Fund Postdoctoral Diversity Enrichment Program (award: G-1022339), the Howard Hughes Medical Institute Hanna H. Gray Fellows Program (award: GT15991), and by institutional support from the Stowers Institute for Medical Research. A portion of fieldwork performed for this study was supported by Contribucion a la conservacion del Bosque seco Tropical del Valle del Cauca (CVC permit: 1122) from the Institute for Research and Preservation of the Cultural and Natural Heritage of Valle del Cauca. 
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Pain identified as dominant symptom in long COVID | ScienceDaily
Pain may be the most prevalent and severe symptom reported by individuals with long Covid, according to a new study led by UCL (University College London) researchers.


						
The study, published in JRSM Open, analysed data from over 1,000 people in England and Wales who logged their symptoms on an app between November 2020 and March 2022.

Pain, including headache, joint pain and stomach pain, was the most common symptom, reported by 26.5% of participants.

The other most common symptoms were neuropsychological issues such as anxiety and depression (18.4%), fatigue (14.3%), and dyspnoea (shortness of breath) (7.4%). The analysis found that the intensity of symptoms, particularly pain, increased by 3.3% on average each month since initial registration.

The study also examined the impact of demographic factors on the severity of symptoms, revealing significant disparities among different groups. Older individuals were found to experience much higher symptom intensity, with those aged 68-77 reporting 32.8% more severe symptoms, and those aged 78-87 experiencing an 86% increase in symptom intensity compared to the 18-27 age group.

Gender differences were also pronounced, with women reporting 9.2% more intense symptoms, including pain, than men. Ethnicity further influenced symptom severity, as non-white individuals with long Covid reported 23.5% more intense symptoms, including pain, compared to white individuals.

The study also explored the relationship between education levels and symptom severity. Individuals with higher education qualifications (NVQ level 3, 4, and 5 -- equivalent to A-levels or higher education) experienced significantly less severe symptoms, including pain, with reductions of 27.7%, 62.8%, and 44.7% for NVQ levels 3, 4 and 5 respectively, compared to those with lower education levels (NVQ level 1-2 -- equivalent to GCSEs).




Socioeconomic status, as measured by the Index of Multiple Deprivation (IMD), also influenced symptom intensity. Participants from less deprived areas reported less intense symptoms than those from the most deprived areas. However, the number of symptoms did not significantly vary with socioeconomic status, suggesting that while deprivation may exacerbate symptom intensity, it does not necessarily lead to a broader range of symptoms.

Lead author Dr David Sunkersing (UCL Institute of Health Informatics) said: "Our study highlights pain as a predominant self-reported symptom in long Covid, but it also shows how demographic factors appear to play a significant role in symptom severity.

"With ongoing occurrences of Covid-19 (e.g., LB.1, or D-FLiRT variants), the potential for more long Covid cases remains a pressing concern. Our findings can help shape targeted interventions and support strategies for those most at risk."

In the paper, the researchers called for sustained support for long Covid clinics and the development of treatment strategies that prioritise pain management, alongside other prevalent symptoms like neuropsychological issues and fatigue.

Given the significant impact of demographic factors on symptom severity, the study underscored the need for healthcare policies that addressed these disparities, ensuring equitable care for all individuals affected by long Covid, the researchers said.

Study limitations included a lack of information on other health conditions participants may have had and a lack of information about health history. The researchers cautioned that the study may have excluded individuals with very severe Covid and those facing technological or socioeconomic barriers in accessing a smartphone app.

The study was led by the UCL Institute of Health Informatics and the Department of Primary Care and Population Health at UCL in collaboration with the software developer, Living With Ltd.
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In-person contact linked with lower levels of loneliness in older adults | ScienceDaily
In-person contact helps lead to lower levels of loneliness in older people, but other ways of staying in touch, such as phoning, emailing or texting, are not as effective in lowering loneliness, a team of researchers at The University of Texas at Austin and the University of Michigan have found.


						
The findings, out today in the The Journals of Gerontology: Series B Psychological Science, have implications for the health and well-being of many older people.

"We were interested to see how older adults react when they are lonely and the effects that different types of social contact had on that loneliness," said Shiyang Zhang, the paper's co-author and a UT postdoctoral fellow in human development and family sciences. "We found that when older adults feel lonely, they are more likely to pick up the phone and call someone. But in-person visits were the only type of contact that actually decreased levels of reported loneliness."

Scientists have long known that regular social contact is important for mental and physical health and contributes to longevity in older age, while loneliness has been linked with heart disease, cognitive decline and even premature death. Although many older adults face chronic health conditions and mobility issues that may make in-person contact more difficult, the new study suggests that in-person contact is an important component of any widespread effort to address loneliness in older adults.

The study was conducted in the Austin, Texas, area in 2016 and 2017, before the COVID-19 pandemic expanded the use of digital communications for many people and increased levels of isolation for many older people. But even after the pandemic, a sizable proportion of older adults do not own smartphones or use the internet. The study followed more than 300 people over the age of 65 and asked them every three waking hours about levels of loneliness and social contact, including whether that social contact was in person, by phone or digitally, which the researchers defined as texting or connecting via social media.

The study also examined whether the social contact was between people with close or weak social ties. Researchers found that when older adults felt lonely, they were likely to reach out to their close friends and family. It turns out that in-person contact -- even with someone with whom they had only weak ties, such as an acquaintance -- was predictive of lower levels of loneliness better than, say, a phone call with a family member or friend with whom ties were stronger.

"Although phone contact is available at most times and provides older adults with opportunities for social connections when they feel lonely, it appears that phone contact may not be as effective in reducing loneliness as in-person contact," Zhang said. "Phone and digital contact do not provide older adults with the same emotional closeness and comfort as in-person contact. It's just not a substitute."

Karen Fingerman, who holds the Sonia Wolf Wilson Regents Administrative Professorship in Human Ecology in UT's Department of Human Development and Family Sciences, UT graduate student Zexi Zhou and University of Michigan's Kira S. Birditt were also authors of the paper. Funding for the research was provided by the National Institute on Aging, the Center on Aging and Population Sciences at UT, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks | ScienceDaily
Healthcare is undoubtedly crucial for everyone. As individuals age, the risk for health issues and related expenses increases. Consequently, many countries have universal healthcare systems, primarily funded through tax and insurance, to ensure access to essential healthcare services. However, this system is under a heavy fiscal burden since the aging population has increased manyfold, owing to decreasing fertility rates and increasing life span. To sustain the system, governments must face the herculean task of persuading citizens to contribute more to health insurance.


						
In a recent study, a research team consisting of Associate Professor Tomoko Matsumoto and Junior Associate Professor Daiki Kishishita from Tokyo University of Science, Japan, assessed whether informing individuals about the benefits they would personally receive in the future from the healthcare system could lead to successful persuasion. This study was published in the European Journal of Political Economy on 8 August 2024.

Highlighting the rationale behind their study, the authors say, "Aging-related health risks will affect everyone, regardless of socioeconomic groups. However, studies indicate that people are not well-informed about the government's fiscal activities, particularly related to public healthcare systems, and the benefits they offer. So, informing individuals about self-benefits from the healthcare system may increase their political support for higher contributions to healthcare insurance to sustain the system."

Accordingly, researchers developed a two-period overlapping generations model and hypothesized that informing people about future self-benefits may increase their support for paying more for health insurance. However, this support reduces when individuals learn about the system's fiscal unsustainability due to an aging population.

To test these hypotheses, researchers conducted an online survey experiment with 4,367 Japanese respondents, who were mostly below 75 years of age. They were randomly assigned to receive information framed in terms of the future self-benefits (Framing S) or current benefits received by older adults (Framing N). In Framing S, they were again randomly assigned either to the treatment group that received information about future self-benefits or the control group that did not. The treatment group was further divided into those who were informed of the fiscal risks and those who were not. Respondents then rated their support for a 1% increase in health insurance contributions. The same process was followed for Framing N. Lastly, researchers compared the results from both groups to see which framing was more effective.

In Framing S, 81% of the respondents underestimated the benefits of the public healthcare system. This suggests that these respondents' expectations would increase when provided with the actual self-benefits. So, researchers considered only these respondents for further analysis.

Surprisingly, on average, the treatment (informing people about future self-benefits) had no influence on gaining support for higher contributions to health insurance. Interestingly, for those who were unaware of the fiscal risks, the treatment increased support by 28.9 percentage points. However, as expected, this positive effect disappeared once the unaware group learned about the fiscal unsustainability of the public healthcare system.

In Framing N (where future self-benefits were not explicitly highlighted), the treatment had no effect on respondents who were unaware of the fiscal risks. However, among those who were aware, support dropped by eight percentage points. "The results indicate that informing the benefits without framing them as self-benefits may have a limited impact on increasing political support for higher contributions to health insurance," says the authors.

The findings carry significant implications for policymakers, governments, and countries with struggling public healthcare systems and an aging population.

"To increase support for health insurance systems, it is important to inform people about future self-benefits. But first, people need to believe that they will definitely benefit from the system in the future. This could be achieved by implementing fiscal consolidation policies to build trust in public finance," concludeDr. Matsumoto and Dr. Kishishita.
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A healthy lifestyle may counteract diabetes-associated brain aging | ScienceDaily
Type 2 diabetes and prediabetes are associated with accelerated brain ageing, according to a new study from Karolinska Institutet in Sweden published in the journal Diabetes Care. The good news is that this may be counteracted by a healthy lifestyle.


						
Type 2 diabetes is a known risk factor for dementia, but it is unclear how diabetes and its early stages, known as prediabetes, affect brain ageing in people without dementia. Now, a comprehensive brain imaging study shows that both diabetes and prediabetes can be linked to accelerated brain ageing.

The study included more than 31,000 people between 40 and 70 years of age from the UK Biobank who had undergone a brain MRI scan (magnetic resonance imaging). The researchers used a machine learning approach to estimate brain age in relation to the person's chronological age.

Prediabetes and diabetes were associated with brains that were 0.5 and 2.3 years older than chronological age, respectively. In people with poorly controlled diabetes, the brain appeared more than four years older than chronological age. The researchers also noted that the gap between brain age and chronological age increased slightly over time in people with diabetes. These associations were attenuated among people with high physical activity who abstained from smoking and heavy alcohol consumption.

"Having an older-appearing brain for one's chronological age can indicate deviation from the normal ageing process and may constitute an early warning sign for dementia," says the study's lead author Abigail Dove, a PhD student at the Department of Neurobiology, Care Sciences and Society, Karolinska Institutet. "On the positive side, it seems that people with diabetes may be able to influence their brain health through healthy living."

Repeated MRI data were available for a small proportion of the study participants. Follow-up MRI scans are ongoing and researchers are now continuing to study the association between diabetes and brain ageing over time.

"There's a high and growing prevalence of type 2 diabetes in the population," says Abigail Dove. "We hope that our research will help prevent cognitive impairment and dementia in people with diabetes and prediabetes."

The study was mainly funded by the Swedish Alzheimer's Foundation, the Dementia Research Fund, the Swedish Research Council and Forte (the Swedish Research Council for Health, Working Life and Welfare). There are no reported conflicts of interest.
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Epigenetics blood markers can help explain dementia risk | ScienceDaily
New research suggests that epigenetic markers in the blood could be useful for understanding dementia risk.


						
Two linked papers from the University of Exeter and Maastricht University have together progressed research to show the potential for DNA methylation, an epigenetic marker, in understanding how genetics and lifestyle factors influence dementia risk.

DNA methylation is a chemical tag added to DNA, which can turn genes on and off. Genetic and lifestyle factors can alter the levels of the DNA methylation tag on genes, with some of these factors already known to increase the risk of developing dementia. By assessing DNA methylation this can help scientists understand the extent to which these different factors influence risk of dementia and the mechanisms by which they bring about disease.

In the largest study of its kind, published in Alzheimer's and Dementia: the Journal of the Alzheimer's Association, researchers assessed DNA methylation at 800,000 sites in the genome in blood samples collected from 900 people in the European Medical Information Framework for Alzheimer's disease Multimodal Biomarker Discovery (EMIF-AD MBD) study. The study includes extensive clinical information on participants, who all provided spinal fluid samples, which have been used for diagnosis and monitoring of Alzheimer's disease, because it is in direct contact with the brain. However, collecting the fluid is an invasive procedure, so the team investigated whether they could instead use blood samples, through analysing blood epigenetic signatures that are associated with Alzheimer's disease biomarkers, as this would be cheaper and easier to collect in practice.

In the first of the two papers, led by Professor Katie Lunnon at the University of Exeter Medical School, the team showed that DNA methylation signatures in blood can mirror some protein biomarker levels in spinal fluid samples, which are used for assessing dementia. The team explored these signatures in conjunction with 15 different spinal fluid biomarkers that are used for diagnosing dementia and showed changes in the methylation status of key genes for a number of these biomarkers.

In a second linked paper in the same journal, led by Dr Ehsan Pishva at Maastricht University in the Netherlands, the team generated epigenetic risk scores using blood DNA methylation signatures as a proxy for 14 known dementia risk factors. Some of these were modifiable lifestyle risks including physical activity, diet and some were non-modifiable, such as age and having heart disease.

They showed that their epigenetic risk scores can improve the prediction of the risk of cognitive decline and dementia onset, even at early stages. Early detection is crucial to better lifestyle management, and to accessing potential new treatments. The paper highlights how genetic, lifestyle, and environmental factors are contributing to the development and progression of dementia through epigenetic mechanisms.




Professor Katie Lunnon, at the University of Exeter Medical School, is lead author on one of the studies, and leads the Dementia Genomics Team who have previously published a number of pioneering papers exploring epigenetics in the brain and blood in different dementias. She said: "We know that a number of genetic and lifestyle factors can increase the risk of developing Alzheimer's disease and other dementias. Epigenetics is a particularly exciting research field because it can mediate the interaction between our genetic makeup, which is fixed at conception, and environmental risks, which we can potentially modify.

Dr Ehsan Pishva, at Maastricht University, who led the other paper and leads the Dementia Systems Biology team, said: "Our epigenetic risk score can improve the prediction of risk of cognitive impairment in different populations, marking a significant advancement in dementia research. The study, which involved advanced analysis of large epigenetic datasets from multiple independent dementia cohorts, found that the epigenetic risk score was a predictor of future cognitive decline in Alzheimer's disease and Parkinson's disease cohorts.

"Our findings highlight the potential of using blood-derived epigenetic measurements as a non-invasive approach to assess dementia risk, paving the way for future studies to explore more personalised and preventive healthcare strategies in tackling cognitive impairment."

The EMIF-AD MBD project received support from the Innovative Medicines Initiative Joint Undertaking, with the work undertaken in these papers being further supported by funding awarded from the Alzheimer's Society, Medical Research Council, National Institute of Aging of the National Institutes of Health and ZonMw Memorabel/Alzheimer Nederland. Further support was also provided by the NIHR Exeter Biomedical Research Centre.
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Kidney donors' risk of death at all-time low | ScienceDaily
The risk of death for people who donate a kidney for transplantation -- already small a decade ago -- has dropped by more than half since then, a new study shows.


						
Each year, roughly 6,000 Americans volunteer to donate a kidney, according to the Organ Procurement and Transplantation Network. Before undergoing the procedure, donors are informed of the potential risks, including death. Based on data from 1995 through 2009, experts had originally predicted that about three of every 10,000 donors were likely to die within three months of the procedure. The authors of the new study argue that advances in surgical techniques, donor selection, and postoperative care have since rendered that estimate out of date.

Analyzing three decades of medical records representing 164,593 kidney donors from across the country, a team led by researchers at NYU Langone Health found that by 2022, fewer than one death occurred for every 10,000 donations. That translates into 36 deaths in total over 30 years.

"While we had always understood that kidney donation is safe, our findings suggest that mortality among donors is extremely rare, and the procedure is safer than ever before," said study lead author Allan Massie, PhD. Massie is director of the Center for Surgical and Transplant Applied Research (C-STAR) Quantitative Core at NYU Grossman School of Medicine, where he is also a faculty member in the Departments of Surgery and Population Health.

The results further showed that while their overall risk remained small, donors who were male and those with a history of high blood pressure were more likely to die within 90 days of surgery than other donors. Meanwhile, age, race, and ethnicity had no bearing on mortality.

Massie notes that surgical methods have changed dramatically since the 1990s, with open donor nephrectomy, in which surgeons make a 6-inch to 8-inch incision to remove the kidney, being almost entirely replaced by laparoscopic nephrectomy. In this less-invasive option, the organ is removed through a much smaller incision, with the procedure aided by a camera inserted through a thin tube.

The new report, publishing online Aug. 28 in the Journal of the American Medical Association (JAMA), is the first since 2009 to examine trends in mortality risk among living kidney donors. As a result, it better reflects the reality of organ donation in a time when laparoscopic nephrectomy is standard practice, the authors say.




For the study, the team analyzed information from the Scientific Registry of Transplant Recipients, a database of transplantation centers that is overseen by the U.S. Department of Health and Human Services. Death records were sourced from the Organ Procurement and Transplantation Network, the nonprofit organization that administers the nation's only transplantation network authorized by the U.S. Congress.

The researchers calculated mortality rates within 90 days of donation, separated out into three time periods: 1993 through 2002, 2003 through 2012, and 2013 through 2022. Then, they compared deaths across the periods and considered different demographic and health factors, such as sex, body mass index (a measure of obesity), and whether the donors had an open or laparoscopic surgery.

Researchers found that about half of deaths occurred within the first week after donation, most commonly due to blood loss linked to surgery. In addition, mortality was similar from 1993 through 2012. Specifically, a total of 13 deaths occurred before 2003, with another 18 happening between 2003 and 2012. Meanwhile, there have been far fewer deaths since 2013, with five donors dying within 90 days of their procedure.

"These results demonstrate that the current guidelines used to inform potential kidney donors of their risks need to be updated to reflect nearly a decade of safety improvements," said study senior author Dorry Segev, MD, PhD. Segev is a professor and vice chair in the Department of Surgery at NYU Grossman School of Medicine and director of C-STAR.

"As a kidney donor and research scientist in the field, it is reassuring to see the progress we have made," said study co-author Macey Levan, JD, PhD, an associate professor in the Departments of Surgery and Population Health at NYU Grossman School of Medicine. and director of the C-STAR Qualitative Core. Levan is also the vice president of patient and donor affairs for the Organ Procurement and Transplantation Network and had donated her kidney to her cousin in 2009.

Funding for the study was provided by National Institutes of Health grants R01DK132395 and K24AI144954.

Segev has served as a consultant for pharmaceutical companies AstraZeneca, CareDx, Moderna Therapeutics, Novavax, and Regeneron, and has received speaker fees and honoraria from Springer Publishing, AstraZeneca, CareDx, Houston Methodist, Northwell Health, Optum Health Education, Sanofi, and WebMD. Study co-author Levan has received personal fees from the health-management platform PatientsLikeMe and from the pharmaceutical company Takeda. None of these groups were involved in the current study. The terms and conditions of all of these relationships are being managed in accordance with the policies and procedures with NYU Langone Health.

In addition to Massie, Segev, and Levan, another NYU Langone researcher involved in the study is Jennifer Motter, MHS. Jon Snyder, PhD, at the Hennepin Healthcare Research Institute in Minneapolis, Minn., also served as a study co-investigator.
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Prioritizing the unexpected: New brain mechanism uncovered | ScienceDaily
Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders (ASDs) and schizophrenia spectrum disorders (SSDs).


						
The research, published today in Nature, outlines how scientists at the Sainsbury Wellcome Centre at UCL studied mice in a virtual reality environment to take us a step closer to understanding both the nature of prediction error signals in the brain as well as the mechanisms by which they arise.

"Our brains constantly predict what to expect in the world around us and the consequences of our actions. When these predictions turn out wrong, this causes strong activation of different brain areas, and such prediction error signals are important for helping us learn from our mistakes and update our predictions. But despite their importance, surprisingly little is known about the neural circuit mechanisms responsible for their implementation in the brain," explained Professor Sonja Hofer, Group Leader at SWC and corresponding author on the paper.

To study how the brain processes expected and unexpected events, the researchers placed mice in a virtual reality environment where they could navigate along a familiar corridor to get to a reward. The virtual environment enabled the team to precisely control visual input and introduce unexpected images on the walls. By using a technique called two-photon calcium imaging, the researchers were able to record the neural activity from many individual neurons in primary visual cortex, the first area in our neocortex to receive visual information from the eyes.

"Previous theories proposed that prediction error signals encode how the actual visual input is different from expectations, but surprisingly we found no experimental evidence for this. Instead, we discovered that the brain boosts the responses of neurons that have the strongest preference for the unexpected visual input. The error signal we observe is a consequence of this selective amplification of visual information. This implies that our brain detects discrepancies between predictions and actual inputs to make unexpected events more salient" explained Dr Shohei Furutachi, Senior Research Fellow in the Hofer and Mrsic-Flogel labs at SWC and first author on the study.

To understand how the brain generates this amplification of the unexpected sensory input in the visual cortex, the team used a technique called optogenetics to inactivate or activate different groups of neurons. They found two groups of neurons that were important for causing the prediction error signal in the visual cortex: vasoactive intestinal polypeptide (VIP)-expressing inhibitory interneurons in V1 and a thalamic brain region called the pulvinar, which integrates information from many neocortical and subcortical areas and is strongly connected to V1. But the researchers found that these two groups of neurons interact in a surprising way.

"Often in neuroscience we focus on studying one brain region or pathway at a time. But coming from a molecular biology background, I was fascinated by how different molecular pathways synergistically interact to enable flexible and contextual regulation. I decided to test the possibility that cooperation could be occurring at the level of neural circuits, between VIP neurons and the pulvinar," explained Dr Furutachi.




And indeed, Dr Furutachi's work revealed that VIP neurons and pulvinar act synergistically together. VIP neurons act like a switch board: when they are off, the pulvinar suppresses activity in the neocortex, but when VIP neurons are on, the pulvinar can strongly and selectively boost sensory responses in the neocortex. The cooperative interaction of these two pathways thus mediates the sensory prediction error signals in visual cortex.

The next steps for the team are to explore how and where in the brain the animals' predictions are compared with the actual sensory input to compute sensory prediction errors and how prediction error signals drive learning. They are also exploring how their findings could help contribute to understanding ASDs and SSDs.

"It has been proposed that ASDs and SSDs both can be explained by an imbalance in the prediction error system. We are now trying to apply our discovery to ASDs and SSDs model animals to study the mechanistic neural circuit underpinnings of these disorders," explained Dr Furutachi.

This research was funded by the Sainsbury Wellcome Centre Core Grant from the Gatsby Charity Foundation and Wellcome (219627/Z/19/Z and 090843/F/09/Z); a Wellcome Investigator Award (219561/Z/19/Z); the Gatsby Charitable Foundation (GAT3212 and GAT3361); the Wellcome Trust (090843/E/09/Z and 217211/Z/19/Z); European Research Council (HigherVision 337797; NeuroV1sion 616509); the SNSF (31003A 169525); Biozentrum core funds (University of Basel).
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New insight into the protein mutations that cause Rett syndrome | ScienceDaily
One particular protein lies at the heart of brain development. A master regulator of gene expression, it's abundantly present in neurons, and its dysfunction underlies Rett syndrome, a neurological disorder that could lead to severe cognitive, motor, and communication impairments in young girls.


						
Yet scientists understand little about how this essential protein does its crucial work at the molecular level. "People have been studying this protein for decades without a clear consensus on what it is doing, where it binds to the genome, and what its functions are," says Rockefeller's Shixin Liu. Now, a new study from Liu's laboratory sheds light on how the protein, MeCP2, interacts with DNA and chromatin.

The findings, published in Nature Structural & Molecular Biology, provide insight into this master regulator, and could open up new avenues for Rett syndrome therapies.

A single-molecule approach

MeCP2 is a baffling protein. While it has been implicated in the regulation of thousands of genes and is thought to be central to neurodevelopment, its impacts on the genome are tricky to pin down. Insufficient amounts of wildtype MeCP2 causes Rett syndrome, but too much of the protein causes a similarly debilitating neurological disorder known as MeCP2 duplication syndrome.

Liu and colleagues leveraged the lab's area of expertise -- single-molecule observation and manipulation -- to better understand how MeCP2 interacts with DNA. The team tethered a single piece of DNA between micron-sized plastic beads, each held by a laser, and then incubated the DNA with fluorescently labeled MeCP2 proteins. This setup allowed them to closely monitor the mysterious protein's dynamic behavior.

MeCP2 is generally thought to exclusively perform its functions on DNA that is modified with methylated cytosines, but lacked a satisfactory explanation for such specificity, since the protein readily binds both methylated and unmethylated DNA. The team found that MeCP2 dynamically moves on DNA, but in a much slower manner in regards to the methylated form compared to the unmethylated one. They further showed that these different dynamics allow MeCP2 to recruit another regulatory protein more efficiently to methylated DNA sites, which may help direct MeCP2's gene regulatory functions towards specific locations within the genome. "We found that MeCP2 slides along unmethylated DNA faster, and this difference in motion may explain how the protein differentiates between the two," says Gabriella Chua, a graduate fellow in Liu's lab and first author on the paper.




"That's something we could only have discovered using a single-molecule technique."

Liu and Chua also found that the protein shows a very strong preference for binding to nucleosomes, protein spools that are wound with our genetic material, over bare DNA. This interaction stabilizes nucleosomes in a way that may suppress gene transcription -- hinting at how MeCP2 itself regulates gene expression.

New thinking about nucleosomes

The observation that a master regulator of gene expression most often interacts with this tightly wound form of DNA helps bolster a growing notion that nucleosomes are far more than inert "storage spools" of DNA, and that scientists need to begin thinking of MeCP2's function more in the context of nucleosomes.

"Our data is one of the most definitive examples of this phenomenon to date," Liu says. "It's clear that MeCP2 prefers binding to nucleosomes." In this way, MeCP2 functions as a chromatin-binding protein, contrasting the conventional view that sees it chiefly as a methyl-DNA-binding protein. In this study, the team has also narrowed in on the part of the protein that is responsible for its nucleosome-binding activity.

"Bare DNA is in the minority -- nucleosomes are pervasive in our genomes," Chua says. "Several recent studies have demonstrated that nucleosomes are not merely passive barriers to transcription, but active hotspots for gene regulation." A particularly striking example of such nucleosome functionality is how MeCP2 interacts with it.

In future work, the team plans to expand beyond the present in vitro study to examine MeCP2 in vivo, where interactions between the protein and the nucleosome are expected to be more complex. They also intend to use the techniques described in this paper to better study the many MeCP2 mutations that cause diseases such as Rett syndrome. The hope is that a more complete understanding of the protein central to this devastating disease may one day lead to therapies. "There's no cure for Rett, but the community of researchers studying it are determined and energized. Many found our data intriguing when we shared it with them," Chua says. "Our findings highlight how basic research can help the clinical community better understand a disease."
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This new technique for studying cell receptors could have sweeping implications for drug development | ScienceDaily
One in every three FDA-approved drugs targets a single superfamily of receptors dotting the surfaces of human cells. From beta blockers to antihistamines, these essential, life-saving medications trigger winding biochemical pathways, via these receptors, to ultimately prevent a heart attack, or stop an allergic reaction in its tracks.


						
But scientists have learned that their story is much more complicated than initially believed -- a number of these drugs are in fact targeting a complex composed of one receptor and one associated protein. Now, a new study in Science Advances introduces a novel approach to mapping the interactions between 215 such receptors and the three proteins that they form complexes with. The findings dramatically expand understanding of these interactions and their therapeutic potential.

"On the technical side, we can now study these receptors at unprecedented scale," says first author Ilana Kotliar, a former graduate student in Rockefeller's Laboratory of Chemical Biology and Signal Transduction, headed by Thomas P. Sakmar. "And on the biological side, we now know that the phenomenon of these protein-receptor interactions is much more widespread than originally thought, opening the door to future investigations."

Uncharted territory

This family of receptors are known as GPCRs, or G protein-coupled receptors. Their accessory proteins are known as RAMPs, short for receptor activity-modifying proteins. RAMPs help transport GPCRs to the cell surface and can vastly alter how these receptors transmit signals by changing the receptor's shape or influencing its location. Because GPCRs seldom exist in a vacuum, identifying a GPCR without accounting for how RAMPs might influence it is a bit like knowing the menu of a restaurant without checking its hours, address or delivery options.

"You could have two cells in the body in which the same drug is targeting the same receptor -- but the drug only works in one cell," says Sakmar, the Richard M. and Isabel P. Furlaud Professor. "The difference is that one of the cells has a RAMP that brings its GPCR to the surface, where that the drug can interact with it. That's why RAMPs are so important."

Knowing this, Sakmar and colleagues were determined to develop a technique that would allow researchers to parse out each RAMP's effect on every GPCR. Such a comprehensive map of GPCR-RAMP interactions would supercharge drug development, with the added benefit of possibly explaining why some promising GPCR drugs mysteriously haven't panned out.




They hoped that such a map would also contribute to basic biology by revealing which natural ligands several so-called "orphan" GPCRs interact with. "We still don't know what activates many GPCRs in the human body," Kotliar says. "Screenings may have missed those matches in the past because they weren't looking for a GPCR-RAMP complex."

But wading through every GPCR-RAMP interaction was a daunting task. With three known RAMPs and almost 800 GPCRs, searching through every possible combination was impractical, if not impossible. In 2017 Emily Lorenzen, then a graduate student in Sakmar's lab, began a collaboration with scientists at the Science for Life Laboratory in Sweden and Sweden's Human Protein Atlas Project to create an assay capable of screening for GPCR-RAMP interactions.

Hundreds of experiments at once

The team started by coupling antibodies from the Human Protein Atlas to magnetic beads, each pre-colored with one of 500 different dyes. These beads were then incubated with a liquid mixture of engineered cells expressing various combinations of RAMPs and GPCRs. This setup allowed researchers to simultaneously screen hundreds of potential GPCR-RAMP interactions in a single experiment. As each bead passed through a detection instrument, color coding was used to identify which GPCRs were bound to which RAMPs, enabling high throughput tracking of 215 GPCRs and their interactions with the three known RAMPs.

"A lot of this technology already existed. Our contribution was an enabling technology built upon it," Sakmar says. "We developed a technique to test for hundreds of different complexes at once, which generates a huge amount of data, and answers many questions simultaneously."

"Most people don't think in multiplex terms. But that's what we did -- 500 experiments at once."

While this work is the culmination of a team effort over a long period of time, Kotliar made herculean efforts to drag it across the finish line -- shuttling samples and scarce reagents back and forth from Sweden in rare travel windows during COVID.

It paid off. The results provide a handful of long-awaited resources for GPCR researchers and drug developers: publicly available online libraries of anti-GPCR antibodies, engineered GPCR genes and, of course, the mapped interactions. "You can now type in your favorite receptor, find out what antibodies bind to it, whether those antibodies are commercially available, and whether that receptor binds to a RAMP," Sakmar says.

The findings increase the number of experimentally identified GPCR-RAMP interactions by an order of magnitude and lay the groundwork for techniques that could help detect combinations of GPCRs and identify harmful autoantibodies. "Ultimately, it's a technology-oriented project," Sakmar says. "That's what our lab does. We work on technologies to advance drug discovery."
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Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care | ScienceDaily

iEEG is a procedure that measures brain activity by placing electrodes directly on or inside the brain. This detailed information is crucial for diagnosing and treating conditions like epilepsy, where pinpointing the exact source of seizures is essential for effective treatment.

For this study, the research team enlisted 16 experts, including EEG technologists and fellowship-trained neurologists, to rate 1,440 iEEG channels as "good" or "bad." In this study, good meant recording brain activity and bad meant not recording brain activity. Their evaluations were compared to themselves, each other and against the Automated Bad Channel Detection (ABCD) algorithm, which was developed by the Herman Darrow Human Neuroscience Lab at the University of Minnesota.

The ABCD algorithm demonstrated higher accuracy (95.2%) and better overall performance compared to human raters, particularly in identifying channels with high-frequency noise.

"Our findings highlight potential biases and limitations in human-based EEG assessments. The ABCD algorithm's performance suggests a future where automated methods can aid clinicians in improving the accuracy and efficiency of seizure detection, ultimately enhancing patient care," said Alexander Herman, MD, PhD, an assistant professor at the U of M Medical School and attending psychiatrist with M Health Fairview.

This research underscores the potential of automated solutions to enhance the reliability and efficiency of iEEG data interpretation -- critical for seizure localization and improved patient outcomes.

"This research demonstrates the potential of automated algorithms to outperform human experts in identifying bad EEG channels. By reducing the workload and variability in assessments, we can focus more on clinical decision-making and patient care," said David Darrow, MD, MPH, an assistant professor at the U of M Medical School and neurosurgeon with M Health Fairview

Future research should aim to refine these automated methods further and explore their application in real-time clinical settings.

Funding was provided by the Institute for Translational Neuroscience and MnDRIVE Brain Conditions.
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New technology 'lights up' bacteria in wounds for better infection prevention | ScienceDaily
Over 6.5 million Americans experience chronic wounds -- wounds that do not heal after a few months. Almost all such wounds contain bacteria, which, if not detected and removed, can lead to severe infection and resulting complications, including amputation if a limb is involved.


						
This is especially true for patients with diabetic foot ulcers (open sores), which affects one-third of people with diabetes. Approximately 20% of those who develop a diabetic foot ulcer will require a lower-extremity amputation, according to the American Diabetes Association.

When physicians debride, or clean out, a wound, they remove as much bacteria as possible. However, they face one key limitation -- not all bacteria can be seen by the human eye, and some may be missed during the debridement.

New Keck Medicine of USC research published in Advances in Wound Care suggests there may be a more effective method to detect bacteria during wound debridement. Autofluorescence (AF) imaging, where a handheld device "lights up" bacteria previously invisible to the human eye, uses violet light to illuminate molecules in the cell walls of any bacteria. Different types of bacteria turn different colors, allowing physicians to immediately determine how much and which types of bacteria are in the wound.

"We're hopeful this new technology can help surgeons improve their accuracy when pinpointing and consequently removing bacteria from wounds and therefore improve patient outcomes, particularly for those with diabetic foot wounds," said David G. Armstrong, DPM, PhD, a podiatric surgeon and limb preservation specialist with Keck Medicine and senior author of the study. "The early detection and removal of bacteria from a wound is vital to preventing avoidable amputations."

The research, a literature review of 25 studies examining the effectiveness of AF imaging in treating diabetic patients with foot ulcers, reveals that AF imaging can identify bacteria in wounds in approximately 9 in 10 patients that traditional clinical assessments miss.

Traditionally, physicians debride wounds, then send tissue samples to the lab to identify specific types of bacteria present in the wound and determine the best treatment protocol based on those findings, such as starting the patient on antibiotics or providing a special type of wound dressing. This process can take days, during which time an infection can set in, said Armstrong.




With AF imaging physicians are able to make medical decisions during the wound debridement, rather than waiting for lab results to initiate treatment.

Another benefit to the technology is that if bacteria is caught early, the patient may avoid being prescribed antibiotics, which in wound care can be prolonged, thus avoiding possible antibiotic resistance.

"This real-time intervention may allow for faster, more effective treatment for wounds," said Armstrong.

Keck Medicine physicians are already using the technology to successfully treat patients with chronic wounds, including diabetic foot ulcers.

"I look forward to more research in this area as we hope to see AF imaging become the standard of care for wound care in the near future," said Armstrong.

The study is partially supported by the National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, Award Number?1R01124789-01A1 and the National Science Foundation (NSF) Center to Stream Healthcare in Place (#C2SHiP) CNS Award Number 2052578.
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Second genetic sensor for DNA methylation discovered | ScienceDaily
DNA methylation is a process in which a methyl group is attached to the cytosine base of the DNA molecule, and a major way that DNA is epigenetically marked. Epigenetic modifications can act as on-off switches to regulate gene expression and help generate diverse cell types without changing the underlying DNA sequence. It is how the body ensures that brain-related genes don't get turned on in heart cells, for example.


						
For this reason, maintenance of the DNA methylation pattern is important to ensure the correct and consistent function of each cell type. But this is no easy feat: the DNA methylation pattern can change over time, and this is linked to a variety of diseases. One is a rare genetic condition called immunodeficiency, centromeric instability and facial anomalies (ICF) syndrome, whose symptoms include recurrent respiratory infections, facial anomalies, and slowed growth and cognition.

While it has been known that mutations in the CDCA7 gene cause ICF syndrome, little was known about the gene's molecular function. Now Rockefeller University's Funabiki lab, in close collaboration with researchers at the University of Tokyo and Yokohama City University, has identified a unique functional feature of CDCA7 that ensures the accurate inheritance of DNA methylation.

The researchers discovered that CDCA7 senses hemimethylation in eukaryotes -- an important find, because hemimethylation sensing has long been thought to be solely carried out by a protein called UHRF1. They published their results in Science Advances.

"It's quite an incredible finding," says co-first author Isabel Wassing, a postdoc in the Laboratory of Chromosome and Cell Biology, headed by Hiro Funabiki. "Learning that CDCA7 also acts as a sensor explains why its mutation leads to diseases like ICF syndrome and fills in a major gap in the field of epigenetics. But it also introduced new questions. Why, for example, does the cell need two different hemimethylation sensors?"

A transitional state

Massive cycles of cell division, in which a parental cell is split into two identical daughter cells, give rise to the trillions of cells that make up the human body. Careful replication and segregation of the DNA molecule, packaged into chromosomes, allows for the accurate inheritance of genetic instructions to each new daughter cell.




DNA replication is a tricky process. At the heart of a cell nucleus is chromatin, a complex of macromolecules composed of double-stranded DNA and histone proteins, which DNA wraps around like a string on a yo-yo to form nucleosomes. During replication, the double-stranded DNA strand unwinds from around the histone and splits into two single strands; DNA polymerases then stitch complementary nucleotides across each strand, resulting in two copies of the double-stranded DNA molecule.

However, the methyl groups are not automatically copied onto the newly synthesized DNA strand, rendering it temporarily hemimethylated: the old parental DNA strand is methylated, while the newly incorporated nucleotides in the daughter DNA strand are not, which signals that DNA methylation maintenance is required. Indeed, the detection of hemimethylation by UHRF1 is the crucial first step; the protein then recruits and activates the DNA methyltransferase DNMT1, which deposits the methyl mark on the newly synthesized DNA strand.

The stakes are high, as the cell's ability to sense the presence of hemimethylation has a strict deadline: If the hemimethylated state of DNA is not recognized before the next round of replication, the epigenetic methylation mark is permanently lost.

The chromatin problem

Scientists know that the access of many enzymes and DNA-binding proteins is restricted by chromatin, including those that are necessary to introduce methylation to the DNA. Earlier research by the Funabiki lab showed that CDCA7 forms a complex with the protein encoded by the HELLS gene, whose mutations also cause ICF syndrome. HELLS is a so-called nucleosome remodeler, which can temporarily unwrap the DNA molecule from the nucleosome.

"We envisioned that the CDCA7-HELLS complex is important to help the cell overcome the barrier of compacted heterochromatin and make the DNA molecule accessible to the deposition of methylation," explains Funabiki. "But there are many different nucleosome remodelers that are able to expose the DNA molecule in this way. It remained a mystery to us why CDCA7-HELLS is the only nucleosome remodeling complex directly associated with DNA methylation maintenance. Now that we've shown that CDCA7 specifically recruits HELLS to hemimethylated DNA, this finally provides an explanation."

In this new model, CDCA7 recognizes the hemimethylated DNA in chromatin and recruits HELLS to the site, which, as a nucleosome remodeler, slides the nucleosome out of the way, revealing the hemimethylation site to UHRF1.




The handover of hemimethylation sensing indicates that CDCA7 is better at detecting hemimethylation within the dense heterochromatin than UHRF1 is. It also explains the cell's need for two different sensors. "For these sensors to detect hemimethylation, they must directly and selectively bind the hemimethylated DNA substrate," Wassing says. "CDCA7 seems uniquely able to do that while the DNA is wrapped around the nucleosome. Without it, UHRF1 would be blind to the hemimethylation signal within the nucleosome particles."

This new understanding may help illuminate the underlying mechanisms of diseases born from dysfunctional methylation. In the future they'll seek out functions for hemimethylation sensors beyond DNA methylation maintenance.

"Since some chromosomal regions are known to preserve hemimethylation status, their recognition by CDCA7 may have much broader roles in gene regulation and chromosome organization," Funabiki says. "It's an exciting possibility."
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Researchers develop affordable, rapid blood test for brain cancer | ScienceDaily
Researchers at the University of Notre Dame have developed a novel, automated device capable of diagnosing glioblastoma, a fast-growing and incurable brain cancer, in less than an hour. The average glioblastoma patient survives 12-18 months after diagnosis.


						
The crux of the diagnostic is a biochip that uses electrokinetic technology to detect biomarkers, or active Epidermal Growth Factor Receptors (EGFRs), which are overexpressed in certain cancers such as glioblastoma and found in extracellular vesicles.

"Extracellular vesicles or exosomes are unique nanoparticles secreted by cells. They are big -- 10 to 50 times bigger than a molecule -- and they have a weak charge. Our technology was specifically designed for these nanoparticles, using their features to our advantage," said Hsueh-Chia Chang, the Bayer Professor of Chemical and Biomolecular Engineering at Notre Dame and lead author of the study about the diagnostic published in Communications Biology.

The challenge for researchers was two-fold: to develop a process that could distinguish between active and non-active EGFRs, and create a diagnostic technology that was sensitive yet selective in detecting active EGFRs on extracellular vesicles from blood samples.

To do this, researchers created a biochip that uses an inexpensive, electrokinetic sensor about the size of a ball in a ballpoint pen. Due to the size of the extracellular vesicles, antibodies on the sensor can form multiple bonds to the same extracellular vesicle. This method significantly enhances the sensitivity and selectivity of the diagnostic.

Then synthetic silica nanoparticles "report" the presence of active EGFRs on the captured extracellular vesicles, while bringing a high negative charge. When extracellular vesicles with active EGFRs are present, a voltage shift can be seen, indicating the presence of glioblastoma in the patient.

This charge-sensing strategy minimizes interference common in current sensor technologies that use electrochemical reactions or fluorescence.




"Our electrokinetic sensor allows us to do things other diagnostics cannot," said Satyajyoti Senapati, a research associate professor of chemical and biomolecular engineering at Notre Dame and co-author of the study. "We can directly load blood without any pretreatment to isolate the extracellular vesicles because our sensor is not affected by other particles or molecules. It shows low noise and makes ours more sensitive for disease detection than other technologies."

In total, the device includes three parts: an automation interface, a prototype of a portable machine that administers materials to run the test and the biochip. Each test requires a new biochip, but the automation interface and prototype are reusable.

Running one test takes under an hour, requiring only 100 microliters of blood. Each biochip costs less than $2 in materials to manufacture.

Although this diagnostic device was developed for glioblastoma, the researchers say it can be adapted for other types of biological nanoparticles. This opens up the possibility for the technology to detect a number of different biomarkers for other diseases. Chang said the team is exploring the technology for diagnosing pancreatic cancer and potentially other disorders such as cardiovascular disease, dementia and epilepsy.

"Our technique is not specific to glioblastoma, but it was particularly appropriate to start with it because of how deadly it is and the lack of early screening tests available," Chang said. "Our hope is that if early detection is more feasible, then there is an increased chance of survival."

Blood samples for testing the device were provided by the Centre for Research in Brain Cancer at the Olivia Newton-John Cancer Research Institute in Melbourne, Australia.

In addition to Chang and Senapati, other collaborators include former postdocs at Notre Dame Nalin Maniya and Sonu Kumar; Jeffrey Franklin, James Higginbotham and Robert Coffey from Vanderbilt University; and Andrew Scott and Hui Gan from the Olivia Newton-John Cancer Research Institute and La Trobe University. The study was funded by the National Institutes of Health Common Fund.
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Brain research: Study shows what your favorite film genres reveal about your brain | ScienceDaily
Crime films, action films, comedies, or documentaries? A person's favourite film genre reveals a lot about how their brain works. This is the finding of a new study led by the Martin Luther University Halle-Wittenberg (MLU) that compared data on film preferences with recordings of the brain activity of around 260 people. Fans of action films and comedies reacted very strongly to negative emotional stimuli, while participants who favoured documentaries or crime films and thrillers had a significantly weaker reaction. The results were published in the journal Frontiers in Behavioral Neuroscience. 


						
Films are an interesting phenomenon for psychologists. "Films are so fascinating because they not only depict every human emotion, but they also evoke them. Negative emotions, such as anger or fear, play a central role in many films," says Esther Zwiky, a psychologist at MLU. Up until recently, relatively little was known about the connection between film preferences and the processing of negative emotions in the brain.

The researchers investigated this interplay in detail by analysing data from 257 people. As part of a larger study, the respondents also provided information about their film preferences. In addition, the participants' brain activity was analysed using functional magnetic resonance imaging (fMRI). Subjects were shown fearful or angry faces and geometric shapes while lying in an MRI machine. "With this established test, we can measure how the brain processes emotional stimuli," explains Zwiky.

The researchers focused on two areas of the brain. First, the amygdala, which is responsible for processing vital emotions. "The amygdala can trigger a fight-or-flight reaction in response to threats," says Zwiky. The team also investigated the neuronal activity of the nucleus accumbens, known as the reward centre in the brain.

The results were surprising: "We found that fans of action films showed the strongest reactions in both areas. We hadn't expected this, as action films typically provide many stimuli. Thus, it would have made more sense if action fans had been less easy to stimulate," Zwiky continues. However, the results suggest that action film aficionados are particularly susceptible to emotional stimuli and find this stimulation appealing. The team found similar brain activity in the brains of people who preferred comedies. A different picture emerged, however, for fans of crime films or thrillers and documentaries. Here, both areas of the brain reacted significantly less to the emotional stimuli than in the other groups of participants. "It appears that people choose the film genres that most optimally stimulate their brains," concludes Zwiky.
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New study supports annual breast cancer screening for women over 40 | ScienceDaily
Women diagnosed with breast cancer who had regular screening mammograms every year were less likely to have late-stage cancer and had higher overall survival than those who received screening every other year or less often, according to new research from the University of Pittsburgh and UPMC published in the Journal of Clinical Oncology.


						
"Only about 65% of women over age 40 are screened for breast cancer, and only about half of those women are getting annual screening -- in part because of conflicting guidelines about recommended screening intervals," said lead author Margarita Zuley, M.D., professor and chief of the Division of Breast Imaging in the Department of Radiology at Pitt and UPMC. "Our study shows that there is a significant benefit for annual screening over biennial screening, including in premenopausal women."

While many clinical trials have demonstrated the benefits of mammography screening for breast cancer, guidelines differ on how often women should be screened. The American College of Radiology and several other organizations advise annual screening after age 40, whereas the U.S. Preventive Services Task Force recommends biennial screening from age 40.

Because the U.S. does not have a national breast cancer registry, Zuley and her team recently developed a large institutional database to better understand real-world outcomes for breast cancer patients.

To gain more evidence on optimal mammography screening intervals, the researchers used this database to compare 8,145 breast cancer patients who had at least one mammogram on record prior to diagnosis. The screening interval was considered annual if the time between mammograms was less than 15 months, biennial if between 15 and 27 months, and intermittent if greater than 27 months.

The percentage of late-stage cancers -- TNM stage IIB or worse -- was 9%, 14% and 19% for annual, biennial and intermittent screening groups, respectively. Biennial and intermittent groups had substantially worse overall survival than the annual group.

"The percentage of late-stage cancers increased significantly with increased screening intervals," said Zuley. "Annual mammograms are crucial for early detection of breast cancer, which increases the likelihood of survival, decreases harms to patients because treatment may not need to be as intense, makes recovery easier and can lower the cost of care."

One concern with more frequent mammograms is the increased risk of false positives, leading to unnecessary biopsies and anxiety.




"We recognize that there are potential harms associated with calling women back for additional screening, but I don't think that these harms outweigh the risk of missing cancers and women dying as a result," said Zuley. "We're also working on testing screening tools that have lower false positives than mammography and pushing on every front to identify the most cost-effective and accurate way of taking care of our patients."

Other authors on the study were Andriy Bandos, Ph.D., Durwin Logue, Rohit Bhargava, M.D., Priscilla McAuliffe, M.D., Ph.D., Adam Brufsky, M.D., Ph.D., and Robert M. Nishikawa, Ph.D., all of Pitt and UPMC; and Stephen Duffy, Ph.D., of Queen Mary University of London.

This research was supported in part by the National Cancer Institute (P30CA047904).
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Pregnancy after sterilization turns out to be surprisingly common | ScienceDaily
Tubal sterilization is thought to be a permanent form of birth control and is the most common method of contraception nationally. But a new study led by UC San Francisco reports that tubal surgery fails often enough that some other forms of birth control are usually more effective.


						
The authors found that 3 to 5% of women in the United States who had their tubes tied later reported an unplanned pregnancy. This failure rate led the authors to suggest that patients who really want to avoid future pregnancy should instead use a contraceptive arm implant or intrauterine device (IUD).

The paper appears August 27 in NEJM Evidence.

Interest in permanent contraception has risen since the 2022 U.S. Supreme Court Dobbs decision removed federal protections for abortion services and limited access to abortion services in many states. As a result, the researchers say that information about contraceptive effectiveness is especially important.

"Since the Dobbs decision, many more people are worried about how pregnancy may impact their health and family life," said first author Eleanor Bimla Schwarz, MD, chief of the UCSF Division of General Internal Medicine at Zuckerberg San Francisco General. "This is especially true for patients with medical conditions like diabetes and high blood pressure that can complicate pregnancy.

"This study shows that tubal surgery cannot be considered the best way to prevent pregnancy," Schwarz said. "People using a contraceptive arm implant or an IUD are less likely to become pregnant than those who have their tubes tied."

Many U.S. women get tubal surgeries

About 65 percent of women 15 to 49 in the U.S. use birth control, according to national statistics, and tubal sterilization -- an abdominal surgery in which the fallopian tubes are clamped or cut and removed -- is used by more than 21% of women ages 30 to 39, and 39% of women older than 40. These surgeries are especially common among low-income people and those with chronic medical conditions.




Tubal sterilization aims to permanently end fertility, but as previously reported, women can nonetheless get pregnant. Based on older studies, the American College of Obstetricians and Gynecologists has advised that fewer than 1% of patients become pregnant after tubal sterilization.

In the new study, the authors examined four independent rounds of the National Survey of Family Growth from 2002 to 2015. Data were collected from more than 31,000 women, including 4,184 who reported having undergone tubal sterilization and were the focus of the study.

Within the first year after tubal surgery, the researchers estimated that 2.9% of those who reported having been sterilized in 2013 to 2015 became pregnant. The chance of pregnancy was highest among those who were younger at the time of their tubal surgery.

Patients who had Medicaid-funded procedures were not more likely than those with private insurance to become pregnant. In recent years, the proportion of respondents who reported a tubal sterilization funded by Medicaid has increased from 18% in 2002 to about 36% from 2013 to 2015.

"When choosing what birth control will work best for them, people consider many different things including safety, convenience and how fast they can start to use the method," Schwarz said. "For people who have chosen a 'permanent' method, learning they got pregnant can be very distressing. It turns out this is unfortunately a fairly common experience."
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The brain's balancing system | ScienceDaily
A finding by a McGill-led team of neuroscientists could open doors to new treatments for a range of psychiatric and neurological disorders attributed to dysfunctions in specific dopamine pathways.


						
For those struggling with a psychiatric disorder such as schizophrenia, addiction or ADHD, or with neurological disorders such as Parkinson's disease or Alzheimer's, there might be good news ahead. The neuroscientists have discovered that a small group of dopamine neurons in the striatum play a crucial role in balancing several essential brain functions, including those related to reward, cognition and movement.

Dopamine is a messenger molecule that is often associated with pleasure and reward. But it plays an equally important role in mood regulation, sleep and digestion, as well as in motor and cognitive functions. An excess release of dopamine, induced by certain drugs or behaviours, is responsible for addiction. Conversely, its absence can cause profound alterations in motor control, as is the case in Parkinson's disease.

A critical balancing act

Scientists had previously identified the functions of two distinct pathways and types of dopamine receptors in the forebrain: the D1 receptors, which activate neurons, and the D2 receptors, which inhibit them. A third group of dopamine receptors that possess both D1 and D2 dopamine receptors was known to exist, but until now, no one had been able to identify their specific function.

By using innovative genetic tools to specifically target these dopamine receptors, which comprise just five per cent of the dopamine neurons in the striatum, the researchers were able to begin to understand their functions.

The researchers discovered that this group of neurons present unique cellular characteristics in response to dopamine and are at the origin of a new pathway that is essential for the balance of forebrain functioning. It ensures motor control under normal physiological conditions and curbs hyperactivity induced by psychostimulant drugs.




"Without these neurons, the entire brain systems under dopamine control would become overactive and uncontrollable, since they act to balance the functions of the two types of dopamine receptors in the brain which either facilitate or inhibit the activation of the two pathways we already knew of," explains Bruno Giros, a professor in McGill's department of psychiatry and a researcher at the Douglas Hospital Research Institute. He is the senior author of a recent article on the subject published in Nature Neuroscience. "It's a very exciting finding for us because we've been working on this specific project for close to 10 years in collaboration with a team at Universite Libre de Bruxelles (ULB)."

For Giros, the discovery comes after 30 years of work in the field, including alongside renowned neuroscientist Marc Caron and 2012 Nobel prize winner Robert J. Lefkowitz as a postdoctoral fellow at Duke University Medical Centre.

"We are only in the early days of working with the tools that we developed to help us to identify this pathway," says Alban de Kerchove d'Exaerde from the Neurophy Lab at ULB, who collaborated on the research. "I'm sure that a lot of laboratories will work with our tools and will, with time, discover more about the important role that this very specific pathway plays in various fields," Giros adds. "Now that we understand how this third pathway controls motor functions, the next goal of our research will be to understand more precisely how it is implicated in the control of cognitive processes, and how it could be impaired in psychiatric disorders."

This research was supported by grants from the Canadian Institute for Health Research (CIHR) and the Graham Boeckh Foundation.
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How much microplastic are you drinking? New tool can tell you in minutes | ScienceDaily
Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, from testicles to brain matter.


						
Now, University of British Columbia researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

The device, paired with an app, uses fluorescent labeling to detect plastic particles ranging from 50 nanometres to 10 microns in size -- too small to be detected by the naked eye -- and delivers results in minutes.

The method and findings are detailed in ACS Sensors.

"The breakdown of larger plastic pieces into microplastics and nanoplastics presents significant threats to food systems, ecosystems, and human health," said Dr. Tianxi Yang, an assistant professor in the faculty of land and food systems, who developed the tool. "This new technique allows quick, cheap detection of these plastics, which could help protect our health and ecosystems."

Nano and microplastics are byproducts of degrading plastic materials such as lunchboxes, cups and utensils. As very small particles with a large surface area, nanoplastics are particularly concerning to human health due to their increased ability to absorb toxins and penetrate biological barriers within the human body.

Detecting these plastics typically requires skilled personnel and expensive equipment. Dr. Yang's team wanted to make detection faster, more accessible and more reliable.




They created a small, biodegradable, 3D-printed box containing a wireless digital microscope, green LED light and an excitation filter. To measure the plastics, they customized MATLAB software with machine-learning algorithms and combined it with image capture software.

The result is a portable tool that works with a smartphone or other mobile device to reveal the number of plastic particles in a sample. The tool only needs a tiny liquid sample -- less than a drop of water -- and makes the plastic particles glow under the green LED light in the microscope to visualize and measure them. The results are easy to understand, whether by a technician in a food processing lab or just someone curious about their morning cup of coffee.

For the study, Dr. Yang's team tested disposable polystyrene cups. They filled the cups with 50 mL of distilled, boiling water and let it cool for 30 minutes. The results showed that the cups released hundreds of millions of nano-sized plastic particles, roughly one-hundredth the width of a human hair and smaller.

"Once the microscope in the box captures the fluorescent image, the app matches the image's pixel area with the number of plastics," said co-author Haoming (Peter) Yang, a master's student in the faculty of land and food systems. "The readout shows if plastics are present and how much. Each test costs only 1.5 cents."

The tool is currently calibrated to measure polystyrene, but the machine-learning algorithm could be tweaked to measure different types of plastics like polyethylene or polypropylene. Next, the researchers aim to commercialize the device to analyze plastic particles for other real-world applications.

The long-term impacts of ingesting plastic from beverages, food, and even from airborne plastic particles are still being studied but show cause for concern.

"To reduce plastic ingestion, it is important to consider avoiding petroleum-based plastic products by opting for alternatives like glass or stainless steel for food containers. The development of biodegradable packaging materials is also important for replacing traditional plastics and moving towards a more sustainable world," said Dr. Yang.
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Study shows reduced inflammation in residents after adding trees to their neighborhoods | ScienceDaily
The University of Louisville's groundbreaking Green Heart Louisville Project has found that people living in neighborhoods where the number of trees and shrubs was more than doubled showed lower levels of a blood marker of inflammation than those living outside the planted areas. General inflammation is an important risk indicator for heart disease and other chronic diseases.


						
The Christina Lee Brown Envirome Institute launched the first-of-its-kind project in 2018 in partnership with The Nature Conservancy, Washington University in St. Louis, Hyphae Design Laboratory and others to study whether and how living among more densely greened surroundings contributes to better heart health. The design of the study closely mirrors clinical trials which test whether medical treatments are effective. The team applied the treatment -- the addition of large trees and shrubs -- to some participants' neighborhoods but not to others. They then compared residents' health data to see how the addition of the trees affected their health.

"The Green Heart Louisville Project is an excellent example of how our university's innovative and collaborative researchers are working to improve lives in our community and far beyond," UofL President Kim Schatzel said. "Trees are beautiful, but these results show that the trees around us are also beneficial to individual and community health. Through this and many other projects, the Envirome Institute is improving health at the community level, not just for individuals, but for everyone living in a neighborhood."

To understand the state of community's health at the start of the study, researchers took blood, urine, hair and nail samples and documented health data from 745 people living in a four-square-mile area of south Louisville. The researchers also took detailed measurements of tree coverage and levels of air pollution in the area.

Following this baseline data collection, the Envirome Institute worked with The Nature Conservancy and a host of local partners and contractors to plant more than 8,000 large trees and shrubs in designated neighborhoods within the project area. Those living in the greened area were considered the treated population and the results obtained from this population were compared with residents of adjacent neighborhoods, where the project team did not plant any trees.

After the plantings, the research team reassessed residents' health. They found that those living in the greened area had 13-20% lower levels of a biomarker of general inflammation, a measure called high-sensitivity C-reactive protein (hsCRP) than those living in the areas that did not receive any new trees or shrubs. Higher levels of hsCRP are strongly associated with a risk of cardiovascular disease and are an even stronger indicator of heart attack than cholesterol levels. Higher CRP levels also indicate a higher risk of diabetes and certain cancers.

A reduction of hsCRP by this percentage corresponds to nearly 10-15% reduction in the risk of heart attacks, cancer or dying from any disease.




"These results from the Green Heart Louisville Project indicate that trees contribute more to our lives than beauty and shade. They can improve the health of the people living around them," said Aruni Bhatnagar, director of the Envirome Institute and UofL professor of medicine. "Although several previous studies have found an association between living in areas of high surrounding greenness and health, this is the first study to show that a deliberate increase in greenness in the neighborhood can improve health. With these results and additional studies that we hope to report soon, we are closer to understanding the impact of local tree cover on residents' health. This finding will bolster the push to increase urban greenspaces."

As more is known about the health impacts of increased tree cover, increased greening in cities may emerge as a key method to improve public health.

"Most of us intuitively understand that nature is good for our health. But scientific research testing, verifying and evaluating this connection is rare," said Katharine Hayhoe, chief scientist of The Nature Conservancy. "These recent findings from the Green Heart Project build the scientific case for the powerful connections between the health of our planet and the health of all of us."

Earlier in August, the Green Heart Louisville Project was awarded an additional $4.6 million in funding from the National Institute of Environmental Health Sciences to support continued research over the next five years.

These findings were presented by Daniel Riggs, UofL assistant professor of environmental medicine, at the 36th Annual Conference of the International Society for Environmental Epidemiology in Santiago, Chile on Aug. 26.
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Game-changing needle-free COVID-19 intranasal vaccine | ScienceDaily
A next-generation COVID-19 mucosal vaccine is set to be a gamechanger not only when delivering the vaccine itself, but also for people who are needle-phobic.


						
New Griffith University research, published in Nature Communications, has been testing the efficacy of delivering a COVID-19 vaccine via the nasal passages.

Professor Suresh Mahalingam from Griffith's Institute for Biomedicine and Glycomics has been working on this research for the past four years.

"This is a live attenuated intranasal vaccine, called CDO-7N-1, designed to be administered intranasally, thereby inducing potential mucosal immunity as well as systemic immunity with just a single dose," Professor Mahalingam said.

"The vaccine induces strong memory responses in the nasal mucosa offering long-term protection for up to a year or more.

"It's been designed to be administered as single dose, ideally as a booster vaccine, as a safe alternative to needles with no adverse reactions in the short or long term."

Live-attenuated vaccines offer several significant advantages over other vaccine approaches.




They induce potent and long-lived humoral and cellular immunity, often with just a single dose.

Live-attenuated vaccines comprise the entire virus thereby providing broad immunity, in contrast to a single antigen which is used in many other vaccine platforms.

Lead author Dr Xiang Liu said the vaccine provides cross-protection against all variants of concern, and has neutralising capacity against SARS-CoV-1.

"The vaccine offers potent protection against transmission, prevents reinfection and the spread of the virus, while also reducing the generation of new variants," Dr Liu said.

"Unlike the mRNA vaccine which targets only the spike protein, CDO-7N-1 induces immunity to all major SARS-CoV-2 proteins and is highly effective against all major variants to date.

"Importantly, the vaccine remains stable at 4degC for seven months, making it ideal for low- and middle-income countries."

The vaccine has been licensed to Indian Immunologicals Ltd, a major vaccine manufacturer.




Dr. K. Anand Kumar, co-author of the publication and Managing Director of Indian Immunologicals Ltd. Said: "We are a leading 'One Health' company that has developed and launched several vaccines for human and animal use in India and are currently exporting to 62 countries."

"We have completed all the necessary studies of this novel COVID-19 vaccine which offers tremendous advantages over other vaccines.

"We now look forward to taking the vaccine candidate to clinical trials."

Professor Lee Smith, Acting Director of the Institute for Biomedicine and Glycomics, said he was delighted with the research findings.

"These results towards developing a next-generation COVID-19 vaccine are truly exciting," Professor Smith said.

"Our researchers are dedicated to providing innovative and, crucially, more accessible solutions to combat this high-impact disease."

The paper "A single-dose intranasal live-attenuated codon deoptimsed vaccine provides broad protection against SARS-CoV-2 and its variants" has been published in Nature Communications.
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Under the radar men's health red flags may point to heart problems | ScienceDaily
Adelaide researchers are calling for general practitioners to take a more proactive approach towards addressing erectile dysfunction (ED) and lower urinary tract symptoms (LUTS), in light of new findings suggesting these conditions may be linked to underlying cardiometabolic disorders.


						
A study, recently published in the Journal of Men's Health, led by the University of Adelaide's Professor Gary Wittert and Dr Sam Tafari from SA Health with funding from The Hospital Research Foundation Group, highlighted the importance of screening for urinary symptoms in men.

Professor Wittert, who's also the Director of the Freemason's Centre for Male Health and Wellbeing (FCMHW) at SAHMRI, said erectile dysfunction and nocturia (getting up at night to urinate) are red flags for the presence of co-existing heart problems, including a heightened risk of heart attacks.

"These are troublesome conditions; that both damage self-esteem and reduce quality of life. Nocturia causes sleep disruption and erectile dysfunction has adverse effects on intimate relationships," said Professor Wittert.

"Left untreated they get worse and that makes them harder to fix.

"By addressing these symptoms, healthcare practitioners can better identify and treat underlying cardiometabolic problems early, potentially reducing morbidity and mortality among men."

Dr Tafari said around 70 per cent of men with nocturia also have ED.




"Although we want GPs to routinely ask about these symptoms, it's also crucial for men to understand the significance of these issues and seek help when they notice them," said Dr Tafari.

"If men don't understand the significance of their symptoms, they may opt to take a wait and see approach."

The research shows young men are less likely to seek treatment for ED due to the belief that it may spontaneously resolve, whilst older men may accept it as a natural part of ageing.

Researchers are now developing a checklist to draw attention to these and other important symptoms and prompt getting health checks from a GP.

"Failure to seek or receive appropriate care represents a lost opportunity for prevention, diagnosis, and remediation of chronic disease," said Professor Wittert.

"We're encouraging GPs to ask their male patients about the presence of erectile dysfunction and nocturia and respond accordingly.

"Experts say men shoulder a disproportionate burden of chronic disease and have poorer outcomes from most chronic disorders.

"Routinely asking about erectile function and nocturia provides an opportunity to improve quality of life and mitigate health risks."

The research, conducted through Professor Wittert's Training Specialists in Men's Health project, has been financially supported by The Hospital Research Foundation Group with Dr Tafari the first specialist to receive a fellowship.
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Video gaming improves mental well-being, landmark study finds | ScienceDaily
A pioneering study titled "Causal effect of video gaming on mental well-being in Japan 2020-2022," published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.


						
Key Findings:
    	Analysis of 97,602 survey responses from Japanese residents aged 10 to 69 during the COVID-19 period
    	Game console ownership, along with increased gameplay, significantly improved mental well-being
    	Machine learning analysis revealed that different consoles had varying impacts: PlayStation 5 showed smaller benefits for adolescents and females, while Nintendo Switch demonstrated larger benefits for adolescents

The study found substantial improvements in mental well-being: owning a Nintendo Switch improved mental health by 0.60 standard deviations, while owning a PlayStation 5 improved it by 0.12 standard deviations. Additionally, PlayStation 5 ownership increased life satisfaction by 0.23 standard deviations.

The research team, comprising experts from Osaka University, Hamamatsu University School of Medicine, Takasaki City University of Economics, the National Graduate Institute for Policy Studies, and Nihon University, utilized a unique natural experimental design. By analyzing data from game console lotteries during COVID-19 supply shortages, they established a causal link between gaming and improved mental health.

"Our findings challenge common stereotypes about gaming being harmful or merely providing temporary euphoria," said lead author Hiroyuki Egami, PhD., Assistant Professor at Nihon University. "We've shown that gaming can improve mental health and life satisfaction across a broad spectrum of individuals."

Egami further explained, "Many earlier studies drew conclusions from correlational analysis with observational data, which can't distinguish between cause and effect. Our natural experimental design allows us to confidently say that gaming actually leads to improved well-being, rather than just being associated with it."

Md. Shafiur Rahman, PhD., Senior Assistant Professor at Hamamatsu University School of Medicine and second author of the study added: "As an epidemiologist, I've often seen concerns about gaming's negative impacts. However, this study's robust methodology challenges those preconceptions. It highlights the need for a more nuanced approach in studying digital media's effects on health."

Notably, the study found that while the PlayStation 5 offered relatively smaller psychological benefits for children, the Nintendo Switch provided larger psychological benefits. These findings question the stereotype that games are universally harmful to children and emphasize the importance of considering the multifaceted nature of gaming, including platforms, genres, and playing styles, in research and policymaking.

While the data for this study was collected during the COVID-19 period, the authors note the importance of future research to verify these results in different contexts. Nonetheless, the study's robust methodology provides compelling evidence for the causal relationship between video gaming and improved mental well-being.

This impactful research provides crucial evidence for policymakers and international organizations like WHO and UNICEF to develop more nuanced approaches to digital media consumption. It also paves the way for future research into personalized gaming experiences that could enhance well-being.
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AI spots cancer and viral infections at nanoscale precision | ScienceDaily
Researchers at the Centre for Genomic Regulation (CRG), the University of the Basque Country (UPV/EHU), Donostia International Physics Center (DIPC) and the Fundacion Biofisica Bizkaia (FBB, located in Biofisika Institute) have developed an artificial intelligence which can differentiate cancer cells from normal cells, as well as detect the very early stages of viral infection inside cells. The findings, published today in a study in the journal Nature Machine Intelligence, pave the way for improved diagnostic techniques and new monitoring strategies for disease.


						
The tool, AINU (AI of the NUcleus), scans high-resolution images of cells. The images are obtained with a special microscopy technique called STORM, which creates a picture that captures many finer details than what regular microscopes can see. The high-definition snapshots reveal structures at nanoscale resolution.

A nanometre (nm) is one-billionth of a metre, and a strand of human hair is about 100,000nm wide. The AI can detect rearrangements inside cells as small as 20nm, or 5,000 times smaller than the width of a human hair. These alterations are too small and subtle for human observers to find with traditional methods alone.

"The resolution of these images is powerful enough for our AI to recognise specific patterns and differences with remarkable accuracy, including changes in how DNA is arranged inside cells, helping spot alterations very soon after they occur. We think that, one day, this type of information can buy doctors valuable time to monitor disease, personalise treatments and improve patient outcomes," says ICREA Research Professor Pia Cosma, co-corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

'Facial recognition' at the molecular level

AINU is a convolutional neural network, a type of AI specifically designed to analyse visual data like images. Examples of convolutional neural networks include AI tools which enables users to unlock smartphones with their face, or others used by self-driving cars to understand and navigate environments by recognising objects on the road.

In medicine, convolutional neural networks are used to analyse medical images like mammograms or CT scans and identify signs of cancer that might be missed by the human eye. They can also help doctors detect abnormalities in MRI scans or X-ray images, helping make a faster and more accurate diagnosis.




AINU detects and analyses tiny structures inside cells at the molecular level. The researchers trained the model by feeding it with nanoscale-resolution images of the nucleus of many different types of cells in different states. The model learned to recognize specific patterns in cells by analysing how nuclear components are distributed and arranged in three-dimensional space.

For example, cancer cells have distinct changes in their nuclear structure compared to normal cells, such as alterations to how their DNA is organised or the distribution of enzymes within the nucleus. After training, AINU could analyse new images of cell nuclei and classify them as cancerous or normal based on these features alone.

The nanoscale resolution of the images enabled the AI detect changes in a cell's nucleus as soon as one hour after it was infected by the herpes simplex virus type-1. The model could detect the presence of the virus by finding slight differences in how tightly DNA is packed, which happens when a virus starts to alter the structure of the cell's nucleus.

"Our method can detect cells that have been infected by a virus very soon after the infection starts. Normally, it takes time for doctors to spot an infection because they rely on visible symptoms or larger changes in the body. But with AINU, we can see tiny changes in the cell's nucleus right away," says Ignacio Arganda-Carreras, co-corresponding author of the study and Ikerbasque Research Associate at UPV/EHU and affiliated with the FBB-Biofisika Institute and the DIPC in San Sebastian/Donostia.

"Researchers can use this technology to see how viruses affect cells almost immediately after they enter the body, which could help in developing better treatments and vaccines. hospitals and clinics, AINU could be used to quickly diagnose infections from a simple blood or tissue sample, making the process faster and more accurate," adds Limei Zhong, co-first author of the study and researcher at the Guangdong Provincial People's Hospital (GDPH) in Guangzhou, China.

Laying the groundwork for clinical readiness

The researchers have to overcome important limitations before the technology is ready to be tested or deployed in a clinical setting. For example, STORM images can only be taken with specialized equipment normally only found in biomedical research labs. Setting up and maintaining the imaging systems required by the AI is a significant investment in both equipment and technical expertise.




Another constraint is that STORM imaging typically analyses only a few cells at a time. For diagnostic purposes, especially in clinical settings where speed and efficiency are crucial, doctors would need to capture many more numbers of cells in a single image to be able to detect or monitor a disease.

"There are many rapid advances in the field of STORM imaging which mean that microscopes may soon be available in smaller or less specialized labs, and eventually, even in the clinic. The limitations of accessibility and throughput are more tractable problems than we previously thought and we hope to carry out preclinical experiments soon," says Dr. Cosma.

Though clinical benefits might be years away, AINU is expected to accelerate scientific research in the short term. The researchers found the technology could identify stem cells with very high precision. Stem cells can develop into any type of cell in the body, an ability known as pluripotency. Pluripotent cells are studied for their potential in helping repair or replace damaged tissues.

AINU can make the process of detecting pluripotent cells quicker and more accurate, helping make stem cell therapies safer and more effective. "Current methods to detect high-quality stem cells rely on animal testing. However, all our AI model needs to work is a sample that is stained with specific markers that highlight key nuclear features. As well as being easier and faster, it can accelerate stem cell research while contributing to the shift in reducing animal use in science," says Davide Carnevali, first author of the research and researcher at the CRG.
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Metal baseball bats still help Little Leaguers hit a little better | ScienceDaily
While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal "sweet spot."


						
After testing wood bats and two types of metal bats with youth players, Washington State University researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the hits were on less optimal areas that there was a bigger difference.

"There's more of a penalty when you're not on the sweet spot with wood bats than with the other metal bats," said Lloyd Smith, director of WSU's Sport Science Laboratory and lead author on the study published in The Journal of Sports Engineering and Technology.

Smith's team has been working with USA Baseball to develop a new wood-like metal bat standard. This study further investigated the performance of the bats designed to meet that standard with lab and field studies -- in comparison to wood bats as well as the metal bats previously used in youth baseball, known as BPF 1.15.

The researchers had 52 players, with an average age of 12, take several swings with each type of bat in a batting cage for a total of more than 1,500 swings. The players, bats and balls all had motion sensors attached to measure speed of the swing as well as the balls' exit speed.

As expected, baseballs hit with the BPF 1.15 metal bats had higher exit speeds than the wood bats, since these metal bats were discontinued in youth leagues because of their performance advantage. For the USA Baseball standard bats, the exit speeds were closer to that of wood but were still on average higher. The data analysis revealed that the difference was in hits that were outside the highest performance spot on the bat.

Metal bats were adopted in amateur baseball leagues back in the 1970s in part because wood bats break and can be costly over time. Soon players noticed the hollow metal bats conferred an advantage from their "trampoline effect" -an advantage that grew as companies competed to make a better bat. Seeing potential hazards and changes to the game from these metal bats, league officials tried to reign this in starting in the 1990s, ultimately restricting the use of metal bats to those that performed in a similar way to wood.




As this study shows, a small performance advantage remains even with the USA Baseball bat, but it is one that is acceptable to officials. There are also good reasons for leagues and coaches to use them over wood bats, Smith said. Namely, that performance advantage and their lighter weight can mean better batting averages for young players which can help leagues keep kids more excited about the game.

"Wood is still heavy. Part of baseball is hitting the ball far, but the other part is just hitting the ball," he said. "If you have a heavy bat, you're going to have a harder time making contact because it's harder to control."

Notably, despite the bat performance differences in this study, the skill of the hitters was still the biggest factor in how fast the ball came off the bat. Smith emphasized that if players really want to improve their batting average, the best thing to do is not to improve their bat, but themselves.

"If you're really trying to hit the ball far, you're going to get a much bigger payoff by working out and getting stronger, especially if you're a young kid and growing fast. That's going to have a much larger effect on how hard you hit the ball, then on what bat you buy," he said.
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A human-centered AI tool to improve sepsis management | ScienceDaily
A proposed artificial intelligence tool to support clinician decision-making about hospital patients at risk for sepsis has an unusual feature: accounting for its lack of certainty and suggesting what demographic data, vital signs and lab test results it needs to improve its predictive performance.


						
The system, called SepsisLab, was developed based on feedback from doctors and nurses who treat patients in the emergency departments and ICUs where sepsis, the body's overwhelming response to an infection, is most commonly seen. They reported dissatisfaction with an existing AI-assisted tool that generates a patient risk prediction score using only electronic health records, but no input data from clinicians.

Scientists at The Ohio State University designed SepsisLab to be able to predict a patient's sepsis risk within four hours -- but while the clock ticks, the system identifies missing patient information, quantifies how essential it is, and gives a visual picture to clinicians of how specific information will affect the final risk prediction. Experiments using a combination of publicly available and proprietary patient data showed that adding 8% of the recommended data improved the system's sepsis prediction accuracy by 11%.

"The existing model represents a more a traditional human-AI competition paradigm, generating numerous annoying false alarms in ICUs and emergency rooms without listening to clinicians," said senior study author Ping Zhang, associate professor of computer science and engineering and biomedical informatics at Ohio State.

"The idea is we need to involve AI in every intermediate step of decision-making by adopting the 'AI-in-the-human-loop' concept. We're not just developing a tool -- we also recruited physicians into the project. This is a real collaboration between computer scientists and clinicians to develop a human-centered system that puts the physician in the driver's seat."

The research was published Aug. 24 in KDD '24: Proceedings of the 30th ACM SIGKDD Conference on Knowledge Discovery and Data Mining and will be presented orally Wednesday (Aug. 28) at SIGKDD 2024 in Barcelona, Spain.

Sepsis is a life-threatening medical emergency -- it can rapidly lead to organ failure -- but it's not easy to diagnose because its symptoms of fever, low blood pressure, increasing heart rate and breathing problems can look like a lot of other conditions. This work builds upon a previous machine learning model developed by Zhang and colleagues that estimated the optimal time to give antibiotics to patients with a suspected case of sepsis.




SepsisLab is designed to come up with a risk prediction quickly, but produces a new prediction every hour after new patient data has been added to the system.

"When a patient first comes in, there are many missing values, especially for lab tests," said first author Changchang Yin, a computer science and engineering PhD student in Zhang's Artificial Intelligence in Medicine lab.

In most AI models, missing data points are accounted for with a single assigned value -- a process called imputation -- "but the imputation model could suffer from uncertainty that can be propagated to the downstream prediction model," Yin said.

"If the imputation model cannot accurately impute the missing value and it's a very important value, the variable should be observed. Our active sensing algorithm aims to find such missing values and tell clinicians what additional variables they might need to observe -- variables that can make the prediction model more accurate."

Equally important to removing uncertainty from the system over the passage of time is providing clinicians with actionable recommendations. These include lab tests rank-ordered based on their value to the diagnostic process and estimates of how a patient's sepsis risk would change depending on specific clinical treatments.

Experiments showed adding 8% of the new data from lab tests, vital signs and other high-value variables reduced the propagated uncertainty in the model by 70% -- contributing to its 11% improvement in sepsis risk accuracy.




"The algorithm can select the most important variables, and the physician's action reduces the uncertainty," said Zhang, also a core faculty member in Ohio State's Translational Data Analytics Institute. "This fundamental mathematics work is the most important technical innovation -- the backbone of the research."

Zhang sees human-centered AI as part of the future of medicine -- but only if AI interacts with clinicians in a way that makes them trust the system.

"This is not about building an AI system that can conquer the world," he said. "The center of medicine is hypothesis testing and making decisions minute after minute that are not just 'yes' or 'no.' We envision a person at the center of the interaction using AI to help that human feel superhuman."

This research was supported by the National Science Foundation, the National Institutes of Health and an Ohio State President's Research Excellence Accelerator Grant. Zhang has received additional NIH funding to continue collaborating with clinicians on this work.

Additional co-authors include Jeffrey Caterino of The Ohio State University Wexner Medical Center, Bingsheng Yao and Dakuo Wang of Northeastern University, and Pin-Yu Chen of IBM Research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240827104942.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Dungeons and Dragons can help autistic people gain confidence and find their inner hero | ScienceDaily
Dungeons and Dragons is a hugely popular roleplaying game enjoyed by millions of people all over the world, both in person and online, every day.


						
New research has found it could be particularly beneficial for people with autism, giving them a safe space to engage in social interactions away from some of the challenges they face in their daily lives.

The study, published in the journal Autism, was led by researchers from the University of Plymouth's School of Psychology along with colleagues at Edge Hill University and Dalarna University in Sweden.

It saw researchers working with a group of autistic adults and aimed to explore whether finding a social situation where people felt comfortable could help them to excel.

After some initial familiarisation with Dungeons and Dragons, the participants -- under the guidance of a games master -- played out scenarios within small groups over the space of six weeks.

They were then interviewed individually by the researchers about the ways they felt their autism might have interacted with their experiences and, in turn, whether taking part in the game impacted their lives.

In those interviews, the participants spoke at length about their social desires and motivations, but how this came with challenges such as a lack of confidence in their communication with others, and insecurities about how other people would perceive them. This, they said, often resulted in them masking, or hiding, autistic traits.




Playing Dungeons and Dragons, they said, provided them with a friendly environment in which they very quickly felt a sense of innate kinship with others taking part.

Understanding common issues linked to activities inside and outside of the game allowed them to relax without feeling pressure to act in a certain way, and as a result they felt included in -- and able to better contribute to -- the group's interactions.

The participants also felt able to take some of the traits from their new character outside of the game, where it enabled them to feel differently about themselves.

Dr Gray Atherton, Lecturer in Psychology at the University of Plymouth and the study's lead author, said: "There are many myths and misconceptions about autism, with some of the biggest suggesting that those with it aren't socially motivated, or don't have any imagination. Dungeons and Dragons goes against all that, centring around working together in a team, all of which takes place in a completely imaginary environment. Those taking part in our study saw the game as a breath of fresh air, a chance to take on a different persona and share experiences outside of an often-challenging reality. That sense of escapism made them feel incredibly comfortable, and many of them said they were now trying to apply aspects of it in their daily lives."

Dr Atherton and Dr Liam Cross, also a Lecturer in Psychology in Plymouth and the current study's senior author, have been working for many years to understand the impact of gaming on people with autism and other similar conditions.

Another recently published study showed that those with autism enjoy board games because they took the pressure off the uncertainty around meeting and interacting with people, removing the need for small talk.

Dr Cross added: "Autism comes with several stigmas, and that can lead to people being met with judgement or disdain. We also hear from lots of families who have concerns about whether teenagers with autism are spending too much time playing things like video games. A lot of the time that is because people have a picture in their minds of how a person with autism should behave, but that is based on neurotypical experiences. Our studies have shown that there are everyday games and hobbies that autistic people do not simply enjoy but also gain confidence and other skills from. It might not be the case for everyone with autism, but our work suggests it can enable people to have positive experiences that are worth celebrating."
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New photoacoustic probes enable deep brain tissue imaging | ScienceDaily
To understand the brain better, we need new methods to observe its activity.


						
That is at the heart of a molecular engineering project, spearheaded by two research groups at the European Molecular Biology Laboratory (EMBL), that has resulted in a novel approach to create photoacoustic probes for neuroscience applications. The findings were published in the Journal of the American Chemical Society.

"Photoacoustics offer a way to capture imagery of an entire mouse brain, but we just lacked the right probes to visualise a neuron's activity," said Robert Prevedel, an EMBL group leader and a senior author on this paper. To overcome this technological challenge, he worked with Claire Deo, another EMBL group leader and also a senior author on the paper. She and her team specialise in chemical engineering.

"We have been able to show that we can actually label neurons in specific brain areas with probes bright enough to be detected by our customised photoacoustic microscope," Prevedel said.

Scientists can learn more about biological processes by tracking certain chemicals, such as ions or biomolecules. Photoacoustic probes can act as 'reporters' for hard-to-detect chemicals by binding to them specifically. The probes can then absorb light when excited by lasers and emit sound waves that can be detected by specialised imaging equipment. For neuroscience applications, however, researchers have so far been unable to engineer targeted reporters that can visualise brain functions tailored for photoacoustics.

While researchers have experimented with using synthetic dyes as photoacoustic reporters of neuronal activity, controlling where the dye goes and what might be labelled has been challenging. Proteins have been particularly useful as probes for tagging specific molecules, but have not yet led to effective photoacoustic probes to monitor neural activity across the entire brain.

"In our case, we took the best of both of these sensors, combining a protein with a rationally designed synthetic dye, and we can now label and visualise neurons in specific regions of interest," said Alexander Cook, first author of the study and a predoctoral fellow in the Deo group. In rational design approaches, researchers use existing knowledge and principles to build molecules with the desired properties, instead of blindly making and testing random compounds. "Also, we're not just talking about a static observation, but instead this probe shows a reversible, dynamic response to calcium, which is a marker of neuron activity," Cook added.




According to Deo, an important challenge stood in the way of this technological development. Because photoacoustic probes have not been extensively studied, the researchers lacked a way to evaluate the probes they were building.

Consequently, the project began with Nikita Kaydanov, co-author of the study and predoctoral fellow in the Prevedel Group, who custom-made a spectroscopy setup. "There is no commercial setup that can measure photoacoustic signals of a probe in test tubes or cuvettes, so we had to build one," Kaydanov said. "We created our own photoacoustic spectrometer to assess and optimise the probes."

"This allowed us to evaluate and characterise the different probes we made to assess a few things," Deo said. "Did they produce a detectable photoacoustic signal? Are they sensitive enough? That's how we inferred the next steps."

But just producing probes that work in a vial wasn't where the researchers wanted to stop. They then wanted to see how the probes worked in practice. They figured out a way to deliver the probes into a mouse brain and successfully detected photoacoustic signals from neurons inside the targeted brain regions.

"While we are excited about the progress, we need to be clear that this is just the first generation of these probes," Deo said. "While they offer a very promising approach, we have a lot more work to do, but it's a good first demonstration of what this system can enable and the potential it has in better understanding brain function."

In fact, those next steps include improving the dye delivery system and confirming the ability to use them for dynamic imaging inside cells.

"It is really one of the advantages of EMBL that it brings together so many people with different kinds of expertise," Prevedel said. "We're both developers in our own way -- my group works more on instrumentation, and Claire's group does more molecular tools. And combining this with neuroscientists who then truly test the tools -- this is a special and unique way of doing research, only possible at EMBL."
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Public trust in drinking water safety is low globally | ScienceDaily
A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. Led by global health experts at Northwestern University and the University of North Carolina at Chapel Hill, the study sought to understand public perceptions of drinking water safety.


						
Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

"If we think our water is unsafe, we will avoid using it," said Sera Young, professor of anthropology and global health at Northwestern and senior author of the new study.

"When we mistrust our tap water, we buy packaged water, which is wildly expensive and hard on the environment; drink soda or other sugar-sweetened beverages, which is hard on the teeth and the waistline; and consume highly processed prepared foods or go to restaurants to avoid cooking at home, which is less healthy and more expensive," Young said. "Individuals exposed to unsafe water also experience greater psychological stress and are at greater risk of depression."

Young is a Morton O. Schapiro Faculty Fellow at the Institute for Policy Research, a faculty fellow at the Paula M. Trienens Institute for Sustainability and Energy, and co-lead of the Making Water Insecurity Visible Working Group at the Buffett Institute for Global Affairs.

Using nationally representative data from 148,585 adults in 141 countries from the 2019 Lloyd's Register Foundation World Risk Poll, the authors found a high prevalence of anticipated harm from water supply, with the highest in Zambia, the lowest in Singapore and an overall mean of 52.3%.

They also identified key characteristics of those who thought they would be harmed by their drinking water. Women, city dwellers, individuals with more education, and those struggling on their current income were more likely to anticipate being harmed by their drinking water.




The researchers found that, surprisingly, higher corruption perception index scores were the strongest predictor of anticipated harm from drinking water, more so than factors like infrastructure and Gross Domestic Product.

Further, even within countries with consistent access to basic drinking water services, doubts about the safety of water were widespread. This includes the U.S. where 39% of those polled anticipated serious harm from drinking water in the short term.

"Our research highlights that it is imperative both to deliver safe drinking water and to make sure that people have confidence in their water source," said Joshua Miller, a doctoral student at the UNC Gillings School of Global Public Health and the study's first author.

The researchers note that it is difficult for consumers to judge the hazards and safety of their water supply because many contaminants are invisible, odorless and tasteless. Without adequate information, many are left to evaluate the safety of their water based on prior experiences, media reports, and personal values and beliefs.

"It's also possible that people correctly judge the safety of their water," Young said. "The good people of Flint didn't trust their water and they were spot on."

The co-authors suggest actions officials can take to improve public trust around drinking water, including efforts to make testing more readily available, translate test results, replace lead pipes and provide at-home water filters when contaminants are detected, as well as provide improved access to safe drinking water.

"This is the kind of work that can catalyze greater attention and political will to prioritize these services in national development plans and strategies, and get us closer to achieving universal access to safe drinking water," said Aaron Salzberg, director of the Water Institute at the UNC Gillings School of Global Public Health.

Salzberg previously served as the special coordinator for water resources in the U.S. Department of State, where he was responsible for managing the development and implementation of U.S. foreign policy on drinking water and sanitation, water resources management and transboundary water issues.
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Gut bacteria composition influences rotavirus vaccine efficacy | ScienceDaily
Certain types of gut bacteria can hinder the efficacy of the rotavirus vaccine, according to researchers in the Institute for Biomedical Sciences at Georgia State University.


						
The findings, led by Drs. Vu L. Ngo and Andrew T. Gewirtz, published in the journal Cellular and Molecular Gastroenterology and Hepatology, indicate that gut microbiota, particularly the trillions of bacteria that live in an individual's gut, can influence rotavirus vaccine responsiveness and sometimes result in children remaining prone to rotavirus infection and severe disease despite having been vaccinated.

Rotavirus is a virus that spreads easily among infants and young children, causing severe diarrhea, vomiting, fever and abdominal pain. Children who are infected with rotavirus disease can become dehydrated and may require hospitalization. Rotavirus vaccines have proven highly effective at protecting children in the United States and Europe but have relatively low efficacy in some low-income countries.

Rotavirus vaccines are orally administered, live, attenuated viruses that must infect their host's intestine to elicit protective immunity. The protection provided by rotavirus vaccines is highly dissimilar among individuals leading the researchers to hypothesize that the composition of gut microbiota, amidst which the viral vaccine must infect, influence rotavirus vaccine efficacy.

In this study, the researchers investigated the influence of human microbiomes on rotavirus vaccination by administering to mice microbial transplants from children with robust or minimal rotavirus vaccine responsiveness. They found that mice receiving microbial transplants from individuals who were highly responsive to the rotavirus vaccine abundantly shed rotavirus antigens and robustly generated anti-rotavirus antibodies. In contrast, mice receiving microbial transplants from children who had not responded to rotavirus vaccination exhibited only a modest increase in antibodies to rotavirus following vaccination and thus remained prone to rotavirus challenge.

Analysis of the microbiomes by DNA sequencing suggested involvement of Clostridium perfringens, which are bacteria known to occasionally cause overt illness but can also be present without causing disease in some humans and animals. Oral administration of cultured C. perfringens to mice partially mimicked the rotavirus vaccine non-responder traits. Re-analysis of published data found that abundance of C. perfringens in children is modestly associated with failure of the rotavirus vaccine.

In conclusion, the researchers determined that microbiota composition influences rotavirus vaccine efficacy with C. perfringens being one, perhaps of many, examples of human microbiota capable of promoting rotavirus vaccine failure.

"Our findings reflect that C. perfringens may be one of a panel of microbes, including bacteria and viruses, that can impact infection of and, consequently, immune responses elicited by rotavirus vaccine viruses," Gewirtz said.

Additional authors of the study include Yanling Wang, Yadong Wang and Jun Zou of the Institute for Biomedical Sciences at Georgia State; Zhenda Shi of the Institute for Biomedical Sciences at Georgia State, Cherokee Federal and the Centers for Disease Control and Prevention; Robert Britton and Sasirekha Ramani of the Baylor College of Medicine; and Baoming Jiang of the Centers for Disease Control and Prevention.

The study was funded by the National Institutes of Health.
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Increased risk of dementia after acute kidney injury | ScienceDaily
Acute kidney injury is associated with an increased risk of developing dementia, according to a new study published in the journal Neurology by researchers at Karolinska Institutet and others.


						
Acute kidney injury (AKI), a sudden deterioration in kidney function, is relatively common in older people and is associated with increased morbidity and mortality. Previous studies have suggested a potential link between AKI and brain injury.

The current study examined the association between AKI and different types of dementia. The researchers analysed data from more than 300,000 individuals over 65 years of age from the Stockholm CREAtinine Measurement (SCREAM) project in Sweden. About one out of four participants experienced at least one AKI episode during an average follow-up of 12 years, and 16 per cent were diagnosed with dementia.

Those who suffered acute kidney injury had a 49 per cent higher risk of developing any form of dementia. When each type of dementia was analysed separately, the risk increase was 88 per cent for Lewy body dementia or dementia caused by Parkinson's disease, 47 per cent for vascular dementia and 31 per cent for Alzheimer's disease. The risk increase was higher in people with severe kidney damage requiring hospitalisation or inpatient care.

"Our findings suggest that AKI is not just an isolated event affecting kidney function but may have broader implications, particularly for brain health," says Hong Xu, assistant professor at the Department of Neurobiology, Care Sciences and Society, Karolinska Institutet and first author of the paper.

"Identifying acute kidney injury as a risk factor for dementia can lead to earlier intervention, preventive treatment and better patient care," adds Juan Jesus Carrero, professor at the Department of Medical Epidemiology and Biostatistics Karolinska Institutet and last author of the paper.

The next phase of the research aims to explore the biological mechanisms linking AKI to dementia. The researchers will also evaluate whether different medicines, lifestyle changes and monitoring procedures after acute kidney injury can reduce the risk of developing dementia.

The study was financed by StratNeuro, CIMED, KI foundations, and the Swedish Research Council. The corresponding author Yang Xu, researcher at Peking University Health Science Center and Karolinska Institutet, received funding from the Young Scientists Fund and the National Natural Science Foundation of China. The authors have declared no conflicts of interest related to this study.
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New way to potentially slow cancer growth | ScienceDaily
Fighting cancer effectively often involves stopping cancer cells from multiplying, which requires understanding proteins that the cells rely on to survive. Protein profiling plays a critical role in this process by helping researchers identify proteins -- and their specific parts -- that future drugs should target. But when used on their own, past approaches haven't been detailed enough to spotlight all potential protein targets, leading to some being missed.


						
Now, by combining two methods of protein analysis, a team of chemists at Scripps Research has mapped more than 300 small molecule-reactive cancer proteins, as well as their small molecule binding sites. Revealing key protein targets that, when disrupted with certain chemical compounds (or small molecules), halt cancer cell growth may eventually enable the development of more effective and precise cancer treatments. The findings were published in Nature Chemistry on August 13, 2024.

"One method gave us a broad view of which proteins were interacting with the chemicals, and the second method showed exactly where those interactions were happening," says co-senior author Benjamin Cravatt, PhD, the Norton B. Gilula Chair in Biology and Chemistry at Scripps Research.

Both methods are forms of activity-based protein profiling (ABPP), a technique that Cravatt pioneered to capture protein activity on a global scale. The research team used their dual approach to flag both the proteins and protein sites that interacted with a library of stereoprobes -- chemical compounds designed to permanently bind to proteins in a selective manner. Stereoprobes are used to study protein functions and identify possible drug targets.

"We made a conscious effort to design our stereoprobes with chemical features that tend to be underrepresented in compounds typically used in drug discovery settings," says co-senior author Bruno Melillo, PhD, an institute investigator in the Department of Chemistry at Scripps Research. "This strategy increases our chances of making discoveries that can advance biology, and eventually translate into improvements to human health."

The research team's stereoprobes were electrophilic, meaning they were designed to irreversibly bind to proteins -- specifically to cysteine. This amino acid is pervasive in proteins, including those found in cancer cells, and it helps form important structural bonds. When chemicals react with cysteine, they can disrupt these bonds and cause proteins to malfunction, which interferes with cell growth, and many cancer drugs irreversibly bind to cysteines on proteins.

"We also focused on cysteine because it's the most nucleophilic amino acid," says first author Evert Njomen, PhD, an HHMI Hanna H. Gray Fellow at Scripps Research and a postdoctoral research associate in Cravatt's lab.




To find out which specific proteins would bond with the stereoprobes, the team turned to a method known as protein-directed ABPP. Using this approach, the researchers uncovered more than 300 individual proteins that reacted with the stereoprobe compounds. But still, they wanted to dig deeper and identify the reactions' precise locations.

The second method, called cysteine-directed ABPP, pinpointed exactly where the stereoprobes were binding on the proteins. This allowed the team to "zoom in" on a specific protein pocket and examine whether the cysteine within reacted with the stereoprobes, similar to focusing on a single spot on a puzzle board to see if a particular piece fits.

Each stereoprobe molecule had two main components: the binding part and the electrophilic part. Once the binding component recognizes the cancer cell protein pocket, hopefully, the stereoprobe molecule can enter -- like how a key needs to fit in a lock. When a stereoprobe remained in a pocket that's critical to the cancer cell's function, it blocked the protein from binding to other proteins -- ultimately preventing cell division.

"By targeting these very specific stages in the cell cycle, there's potential to slow down the growth of cancer cells," says Njomen. "A cancer cell would stay in what is almost a state of two cells, and your body's immune system would detect it as defective and direct it to die."

Identifying precise protein regions that are critical to cancer cell survival could help researchers develop more targeted treatments to stop cells from multiplying.

Among the team's other key findings was confirming that their double-pronged approach painted a more accurate picture of protein-stereoprobe reactivity than a single method.




"We've always known that both methods had their drawbacks, but we didn't know exactly how much information was lost by using just one technique," says Njomen. "It was surprising to see that a substantial number of protein targets were missed when we used one platform over the other."

The team hopes that their findings will one day inform new cancer therapies targeting cell division. In the meantime, Njomen wants to design new stereoprobe libraries to uncover protein pockets implicated in illnesses beyond cancer, including inflammatory disorders.

"Many proteins have been implicated in diseases, but we don't have stereoprobes to research them," she said. "Moving forward, I'd like to find more protein pockets that we can study for drug discovery purposes."

In addition to Cravatt, Njomen and co-senior author Bruno Melillo, authors of the study, "Multi-Tiered Chemical Proteomic Maps of Tryptoline Acrylamide-Protein Interactions in Cancer Cells" are Rachel E. Hayward, Kristen E. DeMeester, Daisuke Ogasawara and Melissa M. Dix of Scripps Research; Tracey Nguyen, Paige Ashby and Gabriel M. Simon of Vividion Therapeutics; and Stuart L. Schreiber of the Broad Institute.

This work and the researchers involved were supported by funding from the National Institutes of Health (U19 AI142784 and R35 CA231991); Cancer Research UK (CGCATF-2021/100012 and CGCATF-2021/100021) the National Cancer Institute (OT2CA278688 and OT2CA278692); the Howard Hughes Medical Institute Hanna H. Gray Fellowship (NGT15176), the Jane Coffin Childs Memorial Fellowship, and Vividion Therapeutics.
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Closing the RNA loop holds promise for more stable, effective RNA therapies | ScienceDaily
New methods to shape RNA molecules into circles could lead to more effective and long-lasting therapies, shows a study by researchers at the University of California San Diego. The advance holds promise for a range of diseases, offering a more enduring alternative to existing RNA therapies, which often suffer from short-lived effectiveness in the body.


						
The work was published Aug. 26 in Nature Biomedical Engineering.

RNA molecules have emerged as powerful tools in modern medicine. They can silence genes through small interfering RNAs (siRNAs) or serve as templates for making therapeutic proteins, as seen with messenger RNAs (mRNAs). Unlike gene editing technologies, which make permanent changes to DNA, RNA therapies offer a temporary but highly targeted approach.

However, one major challenge is RNAs do not last long in the body, which limits their effectiveness. The concept of circular RNAs (cRNAs) have gained traction as a solution to this challenge. Circular RNAs, unlike their linear counterparts, have a closed-loop structure that renders them more resistant to degradation. The problem is that existing methods for creating circular RNAs are complex and inefficient.

To overcome these hurdles, researchers led by Prashant Mali, a professor in the Shu Chien-Gene Lay Department of Bioengineering at UC San Diego, developed two new methods for producing circular RNAs that are simple and scalable. One method occurs inside cells using a naturally occurring protein called RtcB, to splice RNA strands into loops. The other method, in contrast, uses a type of bacterial enzyme known as group II introns to form circular RNAs outside of cells. The researchers also developed simple purification steps that significantly boost the yield of circular RNAs. These advancements mean that circular RNAs can be produced with greater ease and quantities than previously possible.

The circular RNAs were tested in heart muscle cells and neurons. They displayed enhanced stability and biological activity, outperforming traditional linear RNAs in both cell types. These findings suggest that circular RNAs could be beneficial in treating conditions that affect the heart and nervous system.

Next, researchers are working to extend these studies into additional in vivo settings.
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Sharing expands caring: Study finds solution to a major source of doctor burnout | ScienceDaily
Who hasn't sat in a medical office, listening to computer keys clacking while their provider rapidly types up notes, wondering what they are spending so much time writing about? For doctors, who have always written clinical care notes but increasingly must spend time cataloging billing details, this additional documentation is a major source of job dissatisfaction and burnout. A new study out today by University of Maryland's School of Public Health illuminates a solution that can meaningfully reduce the amount of time doctors spend writing notes, without losing vital information.


						
"Providers are already stretched thin and under intense pressure to see more patients all while documenting large amounts of information. So we looked at how using medical scribes and other forms of teamwork for documentation can reduce that burden," says Nate Apathy, assistant professor of Health Policy and Management. Apathy's current research focuses on sources of technology-based burden in health care and strategies to reduce it.

Apathy's study, "Physician EHR Time and Visit Volume Following Adoption of Team-Based Documentation Support," was published today in JAMA Internal Medicine with collaborators from the University of California, San Francisco, and the University of Minnesota. The results show that collaborating on clinical documentation with other team members can help give doctors and other providers more time to spend on patient care. In this study, "team-based documentation" refers to scribes or other clinicians contributing to clinical notes, whether in the room or connected virtually, but does not include AI scribes.

The longitudinal study considered documentation practices and weekly visit volume of more than 18,000 outpatient doctors -- mostly primary care physicians and some medical and surgical specialists -- across more than 300 health care organizations across the United States over a 9-month period. Of this total, 1,024 doctors adopted some kind of teamwork for clinical note-writing.

"We found the vital thing is not just having teamwork for documentation, it is how much the non-physician collaborators are doing," Apathy said.

Of those providers using scribes and other forms of documentation collaboration, all of them were able to increase their volume of weekly patient visits. But only those whose teams wrote at least 40% of their note content actually reduced the doctor's time spent writing notes.

On average, visit volume increased by 6% and documentation time decreased by 9.1%. After a 20-week learning period, visit volume increased by 10.8% and documentation time decreased by 16.2%. For high-intensity adopters (those who had others write more than 40% of their notes), weekly documentation time went down by more than an hour (28.1% decrease), a relatively large time savings.




"Our research shows that when doctors use teamwork to complete their notes, whether that's with a medical scribe in the room, a virtual note-taking service, or just shared note-writing with other clinical team members in their offices, they can see more patients and, crucially, spend significantly less time with their nose in a computer," says Apathy.

For every visit, providers must complete clinical notes that contain everything from a patient's vital signs to test results to insurance billing data. While some of these notes are essential in tracking a patient's health, spending time on administrative documentation to ensure insurance companies pay the bills is an especially heavy burden and can have implications for quality of care.

Doctors generally report that they frequently have to catch up on notes after hours or in between appointments, adding more stress and work hours to an already overloaded occupation. The scribe can be a lifeline, especially when used sufficiently.

This study is the first to examine the real-world impact of medical scribes at such a scale. Apathy says innovations like virtual scribes are popular among primary care physicians because they are relatively cheap and easy to implement and scale, and the cost of a scribe can be offset with the increased income from more patient visits.

Even outside of the COVID pandemic, healthcare workers report high levels of stress and burnout, more than most other industries.

"So it's a triple win -- for managing the business side of a clinic, for a health system with a huge demand from patients and a major shortage of providers, and for easing the administrative workload of already overburdened doctors," Apathy said.
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        Thermochromic material could make indoor temperature control more energy-efficient
        Engineers have developed a smart material that could significantly enhance energy efficiency for indoor space cooling. The new thermochromic polymer blend has an estimated lifespan of 60 years and is lower cost than existing thermochromics.

      

      
        Ultrasound devise shows promise for treating chronic pain
        Engineers have developed a device that noninvasively stimulates deep brain regions, potentially disrupting the faulty signals that lead to chronic pain. Preliminary trials show the therapy relieves pain after a single treatment.

      

      
        Dark matter could have helped make supermassive black holes in the early universe
        Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form. Astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole. In addition to explaining the existence of very early supermassive black holes, the findi...

      

      
        Using high resolution mass spectrometry to study fuel chemistry
        Researchers have developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.

      

      
        New pancreatic cancer treatment proves effective in shrinking, clearing tumors
        Researchers have demonstrated in mice a new method to combat pancreatic cancer. The study outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.

      

      
        Research cracks the autism code, making the neurodivergent brain visible
        A researcher's mathematical modeling approach for brain imaging analysis reveals links between genes, brain structure and autism.

      

      
        Breaking open the AI black box, team finds key chemistry for solar energy and beyond
        Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the 'AI black box.' By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.

      

      
        Robotic arm can be used to perform remote echocardiograms, study shows
        New research shows that echocardiograms performed remotely using robot arm technology have similar accuracy to those performed in person by cardiologists, providing new options for patients with poor access.

      

      
        Work toward a cleaner way to purify critical metals
        Over the past three years, a team of researchers has been pioneering an environmentally friendly method to separate critical rare-earth elements from watery mixtures.

      

      
        Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care
        A research team evaluated the reliability of human experts in comparison to an automated algorithm in assessing the quality of intracranial electroencephalography (iEEG) data.

      

      
        NREL advances method for recyclable wind turbine blades
        Researchers see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.

      

      
        Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed
        Scientists have observed new details of how plasma interacts with magnetic fields, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.

      

      
        Highest-resolution observations yet from the surface of Earth
        Astronomers have achieved the highest resolution ever obtained from the surface of Earth. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. They estimate that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more bla...

      

      
        How much microplastic are you drinking? New tool can tell you in minutes
        Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, too. Now, researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

      

      
        Scientists develop AI-driven method to enhance electron microscopy imaging capabilities of complex biological systems
        Electron microscope (EM) has revolutionized our ability to visualize the intricate details inside cells. The advancement to 3D electron microscopy, known as volume EM (vEM), has further expanded this three-dimensional, nanoscale imaging capacity. However, trade-offs between imaging speed, quality, and sample size still limit the achievable imaging area and volume. Concurrently, artificial intelligence (AI) is emerging as a pivotal force across various scientific domains, driving breakthroughs and...

      

      
        Video gaming improves mental well-being, landmark study finds
        A pioneering study titled 'Causal effect of video gaming on mental well-being in Japan 2020-2022,' published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.

      

      
        Hidden magmatism discovered at the Chang'e-6 lunar landing site
        Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrica...

      

      
        Six new rogue worlds: Star birth clues
        The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planet-like masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it. The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

      

      
        AI spots cancer and viral infections at nanoscale precision
        Researchers have developed an artificial intelligence which can differentiate cancer cells from normal cells, as well as detect the very early stages of viral infection inside cells. The findings pave the way for improved diagnostic techniques and new monitoring strategies for disease. The AI can detect rearrangements inside cells as small as 20nm, or 5,000 times smaller than the width of a human hair. These alterations are too small and subtle for human observers to find with traditional methods...

      

      
        Metal baseball bats still help Little Leaguers hit a little better
        While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal 'sweet spot.' After testing wood bats and two types of metal bats with youth players, researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the h...

      

      
        Insights from satellite data pave the way to better solar power generation
        Fluctuations in solar radiation are a problem for solar power plants as they cause problems in the power grid and other reliability issues. In a recent study, scientists aimed to deepen our understanding of variations in solar irradiance in time and space over the Asia Pacific region by analyzing satellite data. Their findings provide valuable insights that could help us optimize the position of future solar power plants.

      

      
        A human-centered AI tool to improve sepsis management
        A proposed artificial intelligence tool to support clinician decision-making about hospital patients at risk for sepsis has an unusual feature: accounting for its lack of certainty and suggesting what demographic data, vital signs and lab test results it needs to improve its predictive performance.

      

      
        New photoacoustic probes enable deep brain tissue imaging
        Neuroscientists have sought to better understand brain function but lacked the capability to observe neuronal activity deep within the brain. Scientists have applied rational molecular engineering to develop photoacoustic probes that can be used deep within brain tissue to label and visualize neurons. This imaging approach expands significantly on what neuroscientists have been able to see with conventional light microscopy, offering the potential to report on deep neuron activity and better unde...

      

      
        Physicists ease path to entanglement for quantum sensing
        A quantum mechanical trick called 'spin squeezing' is widely recognized to hold promise for supercharging the capabilities of the world's most precise quantum sensors, but it's been notoriously difficult to achieve. In new research, physicists describe how they've put spin squeezing within better reach.

      

      
        Scientists use evolution to bioengineer new pathways to sustainable energy, pharmaceuticals
        Using evolution as a guiding principle, researchers have successfully engineered bacteria-yeast hybrids to perform photosynthetic carbon assimilation, generate cellular energy and support yeast growth without traditional carbon feedstocks like glucose or glycerol. By engineering photosynthetic cyanobacteria to live symbiotically inside yeast cells, the bacteria-yeast hybrids can produce important hydrocarbons, paving new biotechnical pathways to non-petroleum-based energy, other synthetic biology...

      

      
        Using machine learning to speed up simulations of irregularly shaped particles
        Simulating particles is a relatively simple task when those particles are spherical. In the real world, however, most particles are not perfect spheres but take on irregular and varying shapes and sizes. Simulating these particles becomes a much more challenging and time-consuming task.

      

      
        Controlling molecular electronics with rigid, ladder-like molecules
        As electronic devices continue to get smaller and smaller, physical size limitations are beginning to disrupt the trend of doubling transistor density on silicon-based microchips approximately every two years according to Moore's law. Molecular electronics -- the use of single molecules as the building blocks for electronic components -- offers a potential pathway for the continued miniaturization of small-scale electronic devices. Devices that utilize molecular electronics require precise contro...

      

      
        First low frequency search for alien technology in distant galaxies
        Researchers have announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. The research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours.

      

      
        Astrophysicists use AI to precisely calculate universe's 'settings'
        The new estimates of the parameters that form the basis of the standard model of cosmology are far more precise than previous approaches using the same galaxy distribution data.

      

      
        Early galaxies were not too big for their britches after all
        According to a new study, some of the earliest galaxies observed with the James Webb Space Telescope are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are. This helps resolve the debate over whether the size of early galaxies requires a revision of the standard model of cosmology.

      

      
        Bicycle rolling-stop laws don't lead to unsafe behavior by riders or motorists, research shows
        Laws that let bicyclists treat stop signs as yield signs lead neither riders nor motorists to act unsafely, according to a groundbreaking study.

      

      
        New record in search for dark matter
        New results from the world's most sensitive dark matter detector put the best-ever limits on particles called WIMPs, a leading candidate for what makes up our universe's invisible mass.

      

      
        CRISPR-based genome editing in Nile grass rats
        A team of researchers has discovered a set of methods that enabled the first successful CRISPR-based genome editing in Nile grass rats.

      

      
        Unconventional interface superconductor could benefit quantum computing
        A multi-institutional team of scientists has developed a new superconductor material that could potentially be used in quantum computing and be a candidate 'topological superconductor.'

      

      
        NASA's DART impact permanently changed the shape and orbit of asteroid moon
        A new study provides insights on the geophysics behind asteroid formation and evolution.

      

      
        Scientists propose guidelines for solar geoengineering research
        To guide future research into solar geoengineering, an international group of scientists is making specific recommendations for evaluating proposals in order to identify the most feasible and legitimate scenarios for stratospheric aerosol intervention.

      

      
        Langbeinites show talents as 3D quantum spin liquids
        A 3D quantum spin liquid has been discovered in the vicinity of a member of the langbeinite family. The material's specific crystalline structure and the resulting magnetic interactions induce an unusual behavior that can be traced back to an island of liquidity. An international team has made this discovery with experiments at the ISIS neutron source and theoretical modelling on a nickel-langbeinite sample.

      

      
        Kagome superconductor makes waves
        Superconductivity theory proposed by physics team validated in international experiment: Cooper pairs display wave-like distribution in Kagome metals, enabling new technological applications like superconducting diodes.

      

      
        Artificial intelligence improves lung cancer diagnosis
        A team of researchers has created a digital pathology platform based on artificial intelligence. The platform uses new algorithms developed by the team and enables fully automated analysis of tissue sections from lung cancer patients. The platform makes it possible to analyze digitized tissue samples on the computer for lung tumors more quickly and accurately than before.

      

      
        Toward a code-breaking quantum computer
        Building on a landmark algorithm, researchers propose a way to make a smaller and more noise-tolerant quantum factoring circuit for cryptography.

      

      
        New gels could protect buildings during wildfires
        Researchers have developed a sprayable gel that creates a shield to protect buildings from wildfire damage. It lasts longer and is more effective than existing commercial options.

      

      
        AI tackles one of the most difficult challenges in quantum chemistry
        New research using neural networks, a form of brain-inspired AI, proposes a solution to the tough challenge of modelling the states of molecules.

      

      
        Physicists shine new light on ultra-fast atomic processes
        Scientists report incredibly small time delays in a molecule's electron activity when the particles are exposed to X-rays. To measure these tiny high-speed events, known as attoseconds, researchers used a laser to generate intense X-ray flashes that allowed them to map the inner workings of an atom.

      

      
        Engineers design lookalike drug carrier to evade lung's lines of defense
        Managing hard-to-treat respiratory illnesses like asthma and pulmonary fibrosis just got easier if a new drug-carrying molecule is as sneaky as its inventors think.
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Thermochromic material could make indoor temperature control more energy-efficient | ScienceDaily
Rice University researchers have developed a smart material that adjusts its transparency with changes in temperature, outperforming similar materials in terms of durability, transparency and responsiveness. The new polymer blend could significantly enhance energy efficiency for indoor space cooling, according to a new study published in Joule.


						
Cooling off can be a matter of life or death, but air conditioning -- when and if available -- already accounts for 7% of the world's energy use and 3% of carbon emissions. With temperatures hitting record highs and heat waves growing more frequent worldwide, the need for more efficient ways to keep indoor temperatures in check has also grown more urgent.

One way to mitigate the issue involves coating windows with materials that keep heat out while still allowing light to pass through. One such class of materials is thermochromics, yet existing varieties are still too expensive and short-lived to make a feasible choice for use in buildings, vehicles and wherever else needed.

The new salted polymer blend system developed by Rice engineers in the Nanomaterials Laboratory led by Pulickel Ajayan overcomes these challenges, potentially enabling the large-scale deployment of thermochromics as an energy-efficient indoor space cooling technology.

"Imagine a window that becomes less transparent as the day gets warmer, keeping interiors cool without consuming energy," said Sreehari Saju, a materials science and nanoengineering doctoral student at Rice who is a co-lead author on the study. "Our formulation leverages both organic and inorganic components to overcome the limitations of existing thermochromic materials such as short lifespans and high costs.

"Moreover, this material's thermic response is well-matched to real-world environmental demands. We think that smart windows made from this material could significantly reduce energy consumption in buildings, making a tangible impact on both energy costs and carbon footprint."

The researchers combined experimental methods with computational simulations to understand the material's behavior under different environmental and architectural settings. For instance, they assessed how the material would perform in specific urban areas around the world to get a sense of its potential impact when deployed at scale.




"Our approach was unique because it required a precise balance of materials and techniques that had not been previously explored in this combination, offering a new pathway for developing smart materials," said Anand Puthirath, a research scientist in the Ajayan research group and co-lead author on the study. "We conducted comprehensive experiments to characterize the properties of the material, as well environmental stability and durability testing, showing that our blend can outperform existing thermochromics."

The researchers synthesized the material by mixing two polymers with a type of salt and worked on optimizing the composition to achieve smooth transitions between transparent and opaque states with temperature fluctuations. Their findings show that the new thermochromic blend is not only highly effective in regulating solar radiation but also remarkably durable with an estimated lifespan of 60 years.

"These research findings set new benchmarks in thermochromics' durability and performance and particularly in a simple practically viable system," said Ajayan, the corresponding author on the study and Rice's Benjamin M. and Mary Greenwood Anderson Professor of Engineering and professor and department chair of materials science and nanoengineering. "Our work addresses a critical challenge in sustainable architecture, offering a practical and scalable solution for enhancing energy efficiency in buildings."

The thermochromic behavior of the material was studied in collaboration with Professor Yi Long and her doctoral student, Shancheng Wang, from the Department of Electronic Engineering at the Chinese University of Hong Kong, Sha Tin.
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Ultrasound devise shows promise for treating chronic pain | ScienceDaily
Pain is a necessary biological signal, but a variety of conditions can cause those signals to go awry. For people with chronic pain, the root is often faulty signals emerging deep within the brain, giving false alarms about a wound that has since healed, a limb that has since been amputated, or other intricate, hard-to-explain scenarios.


						
Patients with this kind of life-altering pain are constantly looking for new treatment options; now a new device from the University of Utah may represent a practical long-sought solution.

Researchers at the university's John and Marcia Price College of Engineering and Spencer Fox Eccles School of Medicine have published promising findings about an experimental therapy that has given many participants relief after a single treatment session. They are now recruiting participants for a final round of trials.

At the core of this research is Diadem, a new biomedical device that uses ultrasound to noninvasively stimulate deep brain regions, potentially disrupting the faulty signals that lead to chronic pain.

The findings from a recent clinical trial are published in the journal Pain. This study constitutes a translation of two previous studies, published in Nature Communications Engineering and IEEE Transactions on Biomedical Engineering, which describe the unique features and characteristics of the device and demonstrate its efficacy.

The study was conducted by Jan Kubanek, a professor in Price's Department of Biomedical Engineering, and Thomas Riis, a postdoctoral researcher in his lab. They collaborated with Akiko Okifuji, professor of Anesthesiology in the School of Medicine, as well as Daniel Feldman, graduate student in the departments of Biomedical Engineering and Psychiatry, and laboratory technician Adam Losser.

The randomized sham-controlled study recruited 20 participants with chronic pain, who each experienced two 40-minute sessions with Diadem, receiving either real or sham ultrasound stimulation. Patients described their pain a day and a week after their sessions, with 60% of the experimental group receiving real treatment reporting a clinical meaningful reduction in symptoms at both points.




"We were not expecting such strong and immediate effects from only one treatment," Riis said.

"The rapid onset of the pain symptom improvements as well as their sustained nature are intriguing, and open doors for applying these noninvasive treatments to the many patients who are resistant to current treatments," Kubanek added.

Diadem's approach is based on neuromodulation, a therapeutic technique that seeks to directly regulate the activity of certain brain circuits. Other neuromodulation approaches are based on electric currents and magnetic fields, but those methods cannot selectively reach the brain structure investigated in the researchers' recent trial: the anterior cingulate cortex.

After an initial functional MRI scan to map the target region, the researchers adjusted Diadem's ultrasound emitters to correct for the way the waves deflect off the skull and other brain structures. This procedure was published in Nature Communications Engineering.

The team is now preparing for a Phase 3 clinical trial, the final step before approval from the Food and Drug Administration to use Diadem as a treatment for the general public.

"If you or your relatives suffer from chronic pain that does not respond to treatments, please reach out to us; we need to recruit many participants so that these treatments can be approved for the general public," Kubanek said. "With your help, we think chronic pain can be effectively silenced. And with new pain treatment options, we can tackle the opioid crisis, too."
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Dark matter could have helped make supermassive black holes in the early universe | ScienceDaily
Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.


						
It takes a long time for supermassive black holes, like the one at the center of our Milky Way galaxy, to form. Typically, the birth of a black hole requires a giant star with the mass of at least 50 of our suns to burn out -- a process that can take a billion years -- and its core to collapse in on itself.

Even so, at only about 10 solar masses, the resulting black hole is a far cry from the 4 million-solar-masses black hole, Sagittarius A*, found in our Milky Way galaxy, or the billion-solar-mass supermassive black holes found in other galaxies. Such gigantic black holes can form from smaller black holes by accretion of gas and stars, and by mergers with other black holes, which take billions of years.

Why, then, is the James Webb Space Telescope discovering supermassive black holes near the beginning of time itself, eons before they should have been able to form? UCLA astrophysicists have an answer as mysterious as the black holes themselves: Dark matter kept hydrogen from cooling long enough for gravity to condense it into clouds big and dense enough to turn into black holes instead of stars. The finding is published in the journal Physical Review Letters.

"How surprising it has been to find a supermassive black hole with a billion solar mass when the universe itself is only half a billion years old," said senior author Alexander Kusenko, a professor of physics and astronomy at UCLA. "It's like finding a modern car among dinosaur bones and wondering who built that car in the prehistoric times."

Some astrophysicists have posited that a large cloud of gas could collapse to make a supermassive black hole directly, bypassing the long history of stellar burning, accretion and mergers. But there's a catch: Gravity will, indeed, pull a large cloud of gas together, but not into one large cloud. Instead, it gathers sections of the gas into little halos that float near each other but don't form a black hole.

The reason is because the gas cloud cools too quickly. As long as the gas is hot, its pressure can counter gravity. However, if the gas cools, pressure decreases, and gravity can prevail in many small regions, which collapse into dense objects before gravity has a chance to pull the entire cloud into a single black hole.




"How quickly the gas cools has a lot to do with the amount of molecular hydrogen," said first author and doctoral student Yifan Lu. "Hydrogen atoms bonded together in a molecule dissipate energy when they encounter a loose hydrogen atom. The hydrogen molecules become cooling agents as they absorb thermal energy and radiate it away. Hydrogen clouds in the early universe had too much molecular hydrogen, and the gas cooled quickly and formed small halos instead of large clouds."

Lu and postdoctoral researcher Zachary Picker wrote code to calculate all possible processes of this scenario and discovered that additional radiation can heat the gas and dissociate the hydrogen molecules, altering how the gas cools.

"If you add radiation in a certain energy range, it destroys molecular hydrogen and creates conditions that prevent fragmentation of large clouds," Lu said.

But where does the radiation come from?

Only a very tiny portion of matter in the universe is the kind that makes up our bodies, our planet, the stars and everything else we can observe. The vast majority of matter, detected by its gravitational effects on stellar objects and by the bending of light rays from distant sources, is made of some new particles, which scientists have not yet identified.

The forms and properties of dark matter are therefore a mystery that remains to be solved. While we don't know what dark matter is, particle theorists have long speculated that it could contain unstable particles which can decay into photons, the particles of light. Including such dark matter in the simulations provided the radiation needed for the gas to remain in a large cloud while it is collapsing into a black hole.

Dark matter could be made of particles that slowly decay, or it could be made of more than one particle species: some stable and some that decay at early times. In either case, the product of decay could be radiation in the form of photons, which break up molecular hydrogen and prevent hydrogen clouds from cooling too quickly. Even very mild decay of dark matter yielded enough radiation to prevent cooling, forming large clouds and, eventually, supermassive black holes.

"This could be the solution to why supermassive black holes are found very early on," Picker said. "If you're optimistic, you could also read this as positive evidence for one kind of dark matter. If these supermassive black holes formed by the collapse of a gas cloud, maybe the additional radiation required would have to come from the unknown physics of the dark sector."

Key takeaways
    	Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.
    	UCLA astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole.
    	In addition to explaining the existence of very early supermassive black holes, the finding lends support for the existence of a kind of dark matter capable of decaying into particles such as photons.
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Using high resolution mass spectrometry to study fuel chemistry | ScienceDaily
U.S. Naval Research Laboratory researcher Mark Romanczyk, Ph.D., developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.


						
The approaches Romanczyk utilizes enable highly detailed qualitative analysis of complex mixtures in minutes. One recent method facilitated the investigation of chemical changes that occurred in weathered crude oil in terrestrial environments. Several of the methods were recently published in the science journal Fuel.

"Despite the accidental rise of oil spilled onto landmasses, less research has been dedicated to evaluating the compositional changes/fate of oil prior to its introduction into bodies of water" said Romanczyk. "The lack of information affords an opportunity to investigate and qualitatively characterize oil as a function of weathering time in the absence of an aqueous environment. These studies may provide highly useful information for oil spill cleanup and exposure concerns."

Upon direct sun exposure, the lightest aromatic hydrocarbons (i.e., alkylbenzenes, alkyltetralins with total carbons of approximately twelve) in the crude oil evolved in the first 24 hours of weathering. After 24 hours, a thin film formed on the surface trapping the lightest aromatic hydrocarbons where the overall composition remained unchanged.

However, the heaviest aromatic hydrocarbons (i.e., naphthalenes, anthracenes) showed evidence of photooxidation, despite film formation. The results demonstrate that the compositional changes of oil in a terrestrial environment may differ from that of an aquatic environment as wave action will likely stir the oil, preventing film formation.

Additional methods have been used to detect and characterize heteroatom-containing compounds (HCCs) in fuels. HCCs are a concern for fuel stability as they initiate adverse chemical reactions. The novel methods discovered new classes of HCCs not previously documented and aids at linking the composition of fuel to performance and properties.

"The approaches Mark and his colleagues are developing enable highly detailed analysis of fuel composition in minutes," said Kevin J. Johnson, Ph.D., head, Navy Technology Center for Safety and Survivability. "I think this is going to lead to significant advancements in the near future in how we formulate and handle fuels in the Navy and Department of Defense."

Romanczyk was recently awarded by the International Association for Fuel Stability and Handling (IASH) the Chevron Research Award of Excellence in honor of John Bacha at the IASH 2024 International Symposium this September in Louisville, Kentucky.




Bacha was a consulting scientist with Chevron Products Company. He was a strong supporter of IASH and was internationally recognized for his studies on diesel fuel and residual fuel chemistry. He was dedicated to encouraging the younger generation to join and enrich the industry.

Romanczyk is a leading expert in complex mixture analysis, including petroleum-derived fuels, crude oils, and alternative fuels. Currently, he is developing novel links between fuel compositions and stability properties and analytical techniques that detect PFAS (Per- and polyfluoroalkyl substances) at the parts per billion level. He also studies the weathering of crude oil. He has sixteen publications in top-tier journals and has hundreds of citations. He is a member of the American Chemical Society, IASH and American Society for Mass Spectrometry.

The Chemical Sensing and Fuel Technology Section conducts research aimed at increasing the Navy's understanding of chemical processes which lead to the development of novel sensing and analytical data analysis methods. Projects include chemical and biological detection, hazardous chemical detection, intelligent data fusion, chemometrics applied to sensor systems and analytical methods.

This program consists of research projects involving novel state-of-the-art methods for the detection of hazardous chemicals, Navy mobility fuel properties, trace chemical analysis and damage control events such as fire and flooding. These R&D projects require expertise in organic chemistry, chemical analysis, instrument design, high resolution mass spectrometry research, analytical method development, computational modeling, chemometrics, and system verification.

The research areas address environmental and workplace detection needs using chemical sensors, personal dosimetry, and area monitoring. Another major area of research is the application of artificial intelligence techniques to data interpretation problems associated with hazardous material detection and improved situational awareness of fuels, and the formulation of novel chemometric algorithms to enable the development of sensing technologies for automated fuel quality diagnostics and prognostics.
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New pancreatic cancer treatment proves effective in shrinking, clearing tumors | ScienceDaily
Researchers at the University of Massachusetts Amherst and UMass Chan Medical School have demonstrated in mice a new method to combat pancreatic cancer. The study, published in Science Translational Medicine, outlines the synergistic effects of a novel nanoparticle drug-delivery system to activate an immune pathway in combination with tumor-targeting agents.


						
Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic cancer. With a dismal,13% five-year survival rate, it is the third leading cause of cancer deaths.

One major challenge is the microenvironment surrounding the tumor. This environment is characterized by dense tissue creating a barrier around the tumor that inhibits blood vessel formation and blocks immune infiltration.

"Drug delivery is a huge challenge due to the architecture of these difficult-to-treat tumors' microenvironment," says Prabhani Atukorale, assistant professor of biomedical engineering at UMass Amherst and one of the corresponding authors of the paper. She adds that the environment also blocks the activation of the body's immune cells and their penetration into the tumor.

"Pancreas cancer, unfortunately, doesn't respond to most conventional therapies like chemotherapy, or even immunotherapy, which has revolutionized a lot of cancer therapy in the last 10 years," says Marcus Ruscetti, assistant professor of molecular, cell and cancer biology at UMass Chan Medical School, and the other corresponding author.

Ruscetti's previous research demonstrated that two cancer drugs (MEK inhibitor trametinib and CDK4/6 inhibitor palbociclib, or T/P) can promote blood vessel development, enabling greater T cell (as well as chemotherapy) delivery into the tumor. However, the cancer "tricks" the immune system into thinking that the tumor is just a regular, healthy clump of cells. Since the T cells aren't activated, simply having more of them present won't clear the cancer.

Here's where the researchers want to implement a trick of their own. The first pathway is called the stimulator of interferon genes (STING) pathway. STING recognizes viral infections in the body. "If we can trick the immune system into thinking that there is a viral-type infection, then we harness a very robust anti-tumor immune response to bring in for tumor immunotherapy," Atukorale explains.




The researchers also wanted to activate the TRL4 pathway because it boosts the effects of STING activation. They use agonists, which are any chemicals that can trigger a biological response; in this case, in immune stimulatory pathways. But getting these immunity-triggering chemicals through the tumor's microenvironment is still a challenge.

The researchers' solution: encapsulating the STING and TRL4 agonists in a novel design of lipid-based nanoparticles. The nanoparticles have several benefits. First, the research demonstrated that they are highly effective at delivering the agonists into the challenging tumor microenvironment.

The design also allows both of the agonists to be packaged together -- a challenge since these two mix as well as oil and water. "It ensures that they are carried within the blood circulation together, they reach the same target cell together and are taken up together by the same target cell," says Atukorale.

"We're using biocompatible, lipid-based materials to encapsulate drugs that functionally work together, but don't like to be next to each other, and then we are able to use engineering capabilities to build in various functionalities to direct them where they need to go," she says.

The synergistic effect of the two agonists plus the T/P therapy proved effective: eight out of nine of the mice saw tumor necrosis and shrinkage. "And we had two mice that had complete responses, meaning the tumors completely went away, which is pretty striking," says Ruscetti. "We've never seen that in this model before."

There is still work to be done because the tumors returned after the mice were taken off of the treatment, but Ruscetti says it is still a very encouraging step toward a cure.

"If you go beyond pancreas cancer to other cancer types, you need a combination therapy to target the tumor and to target the immune system," he adds. "This is a strategy to be able to do that." Treatments for cancers like PDAC that could be derived from this study include mutations of colon cancer, lung cancer, liver cancer and cholangiocarcinoma (cancer of the bile ducts).

Prabhani adds that the modular nature of this design allows for therapies that can be easily personalized for patients. "It's sort of plug and play," she says. "We can tailor the agonist ratios, the drug combinations, the targeting molecules, but keeping essentially the same platform. This is what will make it hopefully translational, but also tunable on a per patient basis, because many of these cancer therapies need to be personalized."

Finally, she nods to the power of collaboration between the two UMass institutions, saying, "This type of system is easily built when you have complementary, but multidisciplinary and cross-disciplinary, expertise."
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Research cracks the autism code, making the neurodivergent brain visible | ScienceDaily
A multi-university research team co-led by University of Virginia engineering professor Gustavo K. Rohde has developed a system that can spot genetic markers of autism in brain images with 89 to 95% accuracy.


						
Their findings suggest doctors may one day see, classify and treat autism and related neurological conditions with this method, without having to rely on, or wait for, behavioral cues. And that means this truly personalized medicine could result in earlier interventions.

"Autism is traditionally diagnosed behaviorally but has a strong genetic basis. A genetics-first approach could transform understanding and treatment of autism," the researchers wrote in a paper published June 12 in the journal Science Advances.

Rohde, a professor of biomedical and electrical and computer engineering, collaborated with researchers from the University of California San Franscisco and the Johns Hopkins University School of Medicine, including Shinjini Kundu, Rohde's former Ph.D. student and first author of the paper.

While working in Rohde's lab, Kundu -- now a physician at the Johns Hopkins Hospital -- helped develop a generative computer modeling technique called transport-based morphometry, or TBM, which is at the heart of the team's approach.

Using a novel mathematical modeling technique, their system reveals brain structure patterns that predict variations in certain regions of the individual's genetic code -- a phenomenon called "copy number variations," in which segments of the code are deleted or duplicated. These variations are linked to autism.

TBM allows the researchers to distinguish normal biological variations in brain structure from those associated with the deletions or duplications.




"Some copy number variations are known to be associated with autism, but their link to brain morphology -- in other words, how different types of brain tissues such as gray or white matter, are arranged in our brain -- is not well known," Rohde said. "Finding out how CNV relates to brain tissue morphology is an important first step in understanding autism's biological basis."

How TBM Cracks the Code

Transport-based morphometry is different from other machine learning image analysis models because the mathematical models are based on mass transport -- the movement of molecules such as proteins, nutrients and gases in and out of cells and tissues. "Morphometry" refers to measuring and quantifying the biological forms created by these processes.

Most machine learning methods, Rohde said, have little or no relation to the biophysical processes that generated the data. They rely instead on recognizing patterns to identify anomalies.

But Rohde's approach uses mathematical equations to extract the mass transport information from medical images, creating new images for visualization and further analysis.

Then, using a different set of mathematical methods, the system parses information associated with autism-linked CNV variations from other "normal" genetic variations that do not lead to disease or neurological disorders -- what the researchers call "confounding sources of variability."

These sources previously prevented researchers from understanding the "gene-brain-behavior" relationship, effectively limiting care providers to behavior-based diagnoses and treatments.




According to Forbes magazine, 90% of medical data is in the form of imaging, which we don't have the means to unlock. Rohde believes TBM is the skeleton key.

"As such, major discoveries from such vast amounts of data may lie ahead if we utilize more appropriate mathematical models to extract such information."

The researchers used data from participants in the Simons Variation in Individuals Project, a group of subjects with the autism-linked genetic variation.

Control-set subjects were recruited from other clinical settings and matched for age, sex, handedness and non-verbal IQ while excluding those with related neurological disorders or family histories.

"We hope that the findings, the ability to identify localized changes in brain morphology linked to copy number variations, could point to brain regions and eventually mechanisms that can be leveraged for therapies," Rohde said.

Publication

Discovering the gene-brain-behavior link in autism via generative machine learning was published June 12, 2024, in Science Advances.

Additional co-authors are Haris Sair of the Johns Hopkins School of Medicine and Elliott H. Sherr and Pratik Mukherjee of the University of California San Francisco's Department of Radiology.

The research received funding from the National Science Foundation, National Institutes of Health, Radiological Society of North America and the Simons Variation in Individuals Foundation.
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Breaking open the AI black box, team finds key chemistry for solar energy and beyond | ScienceDaily
Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the "AI black box." By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers at the University of Illinois Urbana-Champaign has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.


						
The result produced light-harvesting molecules four times more stable than the starting point, as well as crucial new insights into what makes them stable -- a chemical question that has stymied materials development.

The interdisciplinary team of researchers was co-led by U. of I. chemistry professor Martin Burke, chemical and biomolecular engineering professor Ying Diao, chemistry professor Nicholas Jackson and materials science and engineering professor Charles Schroeder, in collaboration with along with University of Toronto chemistry professor Alan Aspuru-Guzik. They published their results in the journal Nature.

"New AI tools have incredible power. But if you try to open the hood and understand what they're doing, you're usually left with nothing of use," Jackson said. "For chemistry, this can be very frustrating. AI can help us optimize a molecule, but it can't tell us why that's the optimum -- what are the important properties, structures and functions? Through our process, we identified what gives these molecules greater photostability. We turned the AI black box into a transparent glass globe."

The researchers were motivated by the question of how to improve organic solar cells, which are based on thin, flexible materials, as opposed to the rigid, heavy, silicon-based panels that now dot rooftops and fields.

"What has been hindering commercialization of organic photovoltaics is problems with stability. High-performance materials degrade when exposed to light, which is not what you want in a solar cell," said Diao. "They can be made and installed in ways not possible with silicon and can convert heat and infrared light to energy as well, but the stability has been a problem since the 1980s."

The Illinois method, called "closed-loop transfer," begins with an AI-guided optimization protocol called closed-loop experimentation. The researchers asked the AI to optimize the photostability of light-harvesting molecules, Schroeder said. The AI algorithm provided suggestions about what kinds of chemicals to synthesize and explore in multiple rounds of closed-loop synthesis and experimental characterization. After each round, the new data were incorporated back into the model, which then provided improved suggestions, with each round moving closer to the desired outcome.




The researchers produced 30 new chemical candidates over five rounds of closed-loop experimentation, thanks to building block-like chemistry and automated synthesis pioneered by Burke's group. The work was done at the Molecule Maker Lab housed in the Beckman Institute for Advanced Science and Technology at the U. of I.

"The modular chemistry approach beautifully complements the closed-loop experiment. The AI algorithm requests new data with maximized learning potential, and the automated molecule synthesis platform can generate the new required compounds very quickly. Those compounds are then tested, the data goes back into the model, and the model gets smarter -- again and again," said Burke, who also is a professor in the Carle Illinois College of Medicine. "Until now, we've been largely focused on structure. Our automated modular synthesis now has graduated to the realm of exploring function."

Instead of simply ending the query with the final products singled out by the AI, as in a typical AI-led campaign, the closed-loop transfer process further sought to uncover the hidden rules that made the new molecules more stable.

As the closed-loop experiment ran, another set of algorithms was continuously looking at the molecules made, developing models of chemical features predictive of stability in light, Jackson said. Once the experiment concluded, the models provided new lab-testable hypotheses.

"We're using AI to generate hypotheses that we can validate to then spark new human-driven campaigns of discovery," Jackson said. "Now that we have some physical descriptors of what makes molecules photostable, that makes the screening process for new chemical candidates dramatically simpler than blindly searching around chemical space."

To test their hypothesis about photostability, the researchers investigated three structurally different light-harvesting molecules with the chemical property they identified -- a particular high-energy region -- and confirmed that choosing the proper solvents made the molecules up to four times more light-stable.

"This is a proof of principle for what can be done. We're confident we can address other material systems, and the possibilities are only limited by our imagination. Eventually, we envision an interface where researchers can input a chemical function they want and the AI will generate hypotheses to test," Schroeder said. "This work could only happen with a multidisciplinary team, and the people, resources and facilities we have at Illinois, and our collaborator in Toronto. Five groups came together to generate new scientific insight that would not have been possible with any one of the sub teams working in isolation."

This work was supported by the Molecule Maker Lab Institute, an AI Research Institutes program supported by the U.S. National Science Foundation under grant no. 2019897 .
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Robotic arm can be used to perform remote echocardiograms, study shows | ScienceDaily
New research presented at this year's ESC Congress 2024 in London, UK (30 Aug -- 2 Sept) shows that performing echocardiograms remotely using a 5G cellular network has similar accuracy to those performed in person by cardiologists.


						
"Comprehensive echocardiographic exam with a 5G cellular network and robotic arm-based remote system is feasible with relatively good diagnostic accuracy," said study author Dr Yu Liu, Zhongshan Hospital, Shanghai, China.

Echocardiography is the test-of-choice for the initial evaluation of many cardiac diseases and requires the expertise of a cardiologist for interpretation. However, this expertise is often limited or unavailable in rural or indeed smaller urban areas. Robotic arm-assisted remote echocardiograms have been attempted for teleconsultation in previous studies, but analysis was limited to heart failure patients, primarily due to the network delay in telecommunications and the subsequent inadequate control of the robotic arm equipment.

In this study, the authors assessed the feasibility and diagnostic accuracy of a 5G cellular network and robotic arm-based remote echocardiographic system in an outpatient clinic based 20 kilometres away from Zhongshan Hospital. A total of 51 patients were enrolled from the outpatient cardiology clinic. All underwent standard comprehensive echocardiography on a 5G cellular network robotic arm-based remote echocardiographic system, as well as a conventional echocardiographic platform (at Zhongshan Hospital) successively.

The order in which patients were examined on the remote and conventional instruments was randomly determined. There was no interval between the two examinations, and examinations of the same patient were performed by experienced but different cardiologists, who were blinded to each other's diagnosis. The doctor who used the remote system was also randomly allocated and had not been previously specifically trained. The examinations were real time and diagnoses were made immediately after the examinations.

From the 51 patients, the image quality was sufficient for diagnosis in 50 patients (24 (48%) female). A single patient was excluded because some key views could not be obtained using the remote system, meaning 98% of the examinations had been technically successful.

Around one third (17 patients) had a heart problem identified using conventional in person echocardiography, including 10 with a primary diagnosis of valvulopathy (1 Barlow's syndrome, 1 bicuspid aortic valve and 8 less-than-moderate regurgitation), 2 cardiac surgery follow-ups (1 case of aortic valve replacement and septal myectomy, and 1 case of mitral valve replacement and tricuspid annuloplasty), and 2 hypertrophy cardiomyopathy (including 1 case of obstruction at papillary muscle level), 2 with abnormal left ventricular wall motion (including 1 case of apical mural thrombus), and 1 with congenital heart disease (secumdum atrial septal defect).




Echocardiograms using the robotic arm resulted in the same diagnosis as conventional in-person echocardiography in 98% of cases (papillary muscle level obstruction was missed in one case).

Time for image acquisition using remote echocardiography was significantly longer (around 50% longer) than conventional (24 mins 36 secs vs. 16 mins 15 secs).

A previous version of the robotic arm has been cleared for clinical use in scanning the abdomen (China, Europe, Australia and Singapore), which requires less complex scanning manoeuvres. However, the authors say a multi-centre study at a larger scale with both other local hospital and referral centres involved should be carried out before this new technology should be used.

Although 5G technology is not available everywhere, lead-author Xianhong Shu, also of Zhongshan Hospital, said: "This system would increase the accessibility of better medical resources as patients may travel less to get diagnosis and medical advice from cardiologists based in referral centres."

She adds there are further potential advantages: "A remote robotic echo system may help protect more health professionals from the risk of exposure during pandemics like the COVID-19 as the cardiologist may not need to be in close contact with the patient if only echocardiogram consultation is required."
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Work toward a cleaner way to purify critical metals | ScienceDaily
Rare-earth elements are everywhere in modern life, found in everything from the smart device you're reading this on to the LED lightbulbs overhead and neodymium magnets in electric vehicles and wind turbines.


						
However, purifying these critical metals from ores with complex mixtures is a nasty business involving strong acids and hazardous solvents, and is primarily conducted in China. Over the past three years, a team of researchers from Sandia National Laboratories has been pioneering an environmentally friendly method to separate these rare-earth elements from watery mixtures.

Initially, the team made and modified tinker-toy-like molecules called metal-organic frameworks or MOFs to test their ability to adsorb these vital metals. They then used computer simulations and X-ray-based experiments to investigate how the rare-earth elements interact with the synthesized "sponges." The team's ultimate goal is to design sponges that selectively absorb one rare earth metal while excluding others. Their findings were recently published in a series of scientific papers, including one in the scientific journal ACS Applied Materials and Interfaces on August 26.

"We synthesized MOFs with variable surface chemistry and were able to show through adsorption experiments that these MOFs can pick out rare-earth elements from a mixture of other metals," said Anastasia Ilgen, a Sandia geochemist and project lead. "They are more selective for the rare earths -- that's good. Importantly, we illustrated that their ability to pick out metals can be fine-tuned by adding chemical groups on their surfaces."

Synthesizing stable sponges

The researchers selected two zirconium-based tinker-toy-like MOFs for the project. These MOFs are highly stable in water and easily adjustable, according to Dorina Sava Gallis, a Sandia materials chemist involved in the project.

MOFs consist of metal "hubs" and carbon-based linker "rods," which can be interchanged to create nanosized "sponges" with different properties. Also, chemists can add different chemical groups within MOFs to modify their properties or engineer structures with missing rods, Sava Gallis said.




In their study, published in the scientific journal Chemical Communications, Sava Gallis and her team experimented with two types of MOFs featuring zirconium hubs. They attached new chemical groups to the linkers in one MOF building block, while attaching them to the metal hub in another.

The team found that the MOFs with missing linkers bound more of the two rare-earth elements compared to those without missing linkers, as expected. The addition of an amino group to the linker had minimal impact on the adsorption of any of the metals. However, incorporating a negatively charged chemical group called phosphonate into the linker improved the adsorption of all the metals. Interestingly, in the MOF structure where the chemical groups were attached to the metal hubs, the additional chemical groups did not make much of a difference on the adsorption of the rare-earth elements. However, they greatly increased the selectivity for nickel over cobalt, Sava Gallis said.

"We are seeing that both approaches we implemented effectively tune the selectivity for different ions," Sava Gallis said. "We're looking into designing new materials, combining the knowledge we have gained from studying these two material systems, to intentionally tailor the adsorption selectivity for each metal of interest."

Modeling molecular interactions

To further guide the design of MOFs selective for specific rare-earth metals, Sandia computational materials scientist Kevin Leung used two different computer modeling techniques. First, he conducted molecular dynamics simulations to understand the environment of rare-earth elements in water, with or without other chemicals, or within a MOF structure. Then he performed detailed density functional theory modeling to calculate the energy for 14 rare-earth elements from cerium to lutetium going from water to a binding site with various surface chemistries. These findings were published in Physical Chemistry Chemical Physics.

Consistent with the earlier experimental work, Leung found that rare-earth elements do not exhibit a preference for binding with amines over water. However, they do show a preference for negatively charged chemicals like sulfate or phosphate compared to water. Leung found this preference is stronger for heavier rare-earth elements such as lutetium compared to lighter elements like cerium and neodymium.




The goal was to find a chemical that would allow them to select one metal, but unfortunately everything modeled had a uniform trend, Leung said. He hypothesized that combining a slightly positively charged surface chemical with a negatively charged surface chemical would be able to select for one metal. However, this approach has not yet been attempted.

X-ray illumination and next steps

To see precisely how the rare-earth metals interact with MOFs, Ilgen used X-ray spectroscopy to examine the chemical environment of three rare-earth elements in zirconium-based MOFs and chromium-based MOFs. Using synchrotron-based X-ray absorption fine structure spectroscopy at Argonne National Laboratory, Ilgen observed that the rare-earth element chemically bonded to the metal hub in both zirconium and chromium MOFs. In the MOF with a phosphonate surface group, the rare-earth metals bound to the phosphonate instead of the metal hub.

"My spectroscopy work is the first to identify the surface complexes formed by rare-earth elements in MOFs," Ilgen said. "No one had done X-ray spectroscopy before. Previous studies inferred surface complexes based on adsorption trends, but no one had 'seen' them. I saw them with my X-ray eyes."

Ilgen also saw that the rare-earth element bound to the metal hub in the same manner in MOFs with missing linkers as in MOFs with all the linkers. This is significant because MOFs without defects are more stable and potentially more reusable than MOFs with missing linkers.

In the paper, Ilgen proposed that metal hubs with a mixture of metals could create MOF sponges that prefer to adsorb one rare-earth element over others, but she said this approach has not been attempted yet.

Armed with their extensive knowledge of rare-earth elements' interactions with MOFs, the team has numerous avenues to explore in designing selective sponges.

"There are several possible design strategies for ion-selective MOFs, specifically for separating individual rare-earth elements from one another," Ilgen said. "One strategy involves tuning the chemistry of the metal hub, potentially incorporating multiple types of metals to optimize the binding site for a specific rare earth. Another strategy focuses on surface group chemistry, where strong surface groups outcompete the metal hubs, creating ion-specific pockets associated with the surface groups. Lastly, the pore dimensions of the MOF itself can be adjusted, as nanosized pores alter local chemistry to favor specific elements."

The project was funded by Sandia's Laboratory Directed Research and Development program.
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Cutting-edge algorithm improves intracranial EEG accuracy to improve future patient care | ScienceDaily

iEEG is a procedure that measures brain activity by placing electrodes directly on or inside the brain. This detailed information is crucial for diagnosing and treating conditions like epilepsy, where pinpointing the exact source of seizures is essential for effective treatment.

For this study, the research team enlisted 16 experts, including EEG technologists and fellowship-trained neurologists, to rate 1,440 iEEG channels as "good" or "bad." In this study, good meant recording brain activity and bad meant not recording brain activity. Their evaluations were compared to themselves, each other and against the Automated Bad Channel Detection (ABCD) algorithm, which was developed by the Herman Darrow Human Neuroscience Lab at the University of Minnesota.

The ABCD algorithm demonstrated higher accuracy (95.2%) and better overall performance compared to human raters, particularly in identifying channels with high-frequency noise.

"Our findings highlight potential biases and limitations in human-based EEG assessments. The ABCD algorithm's performance suggests a future where automated methods can aid clinicians in improving the accuracy and efficiency of seizure detection, ultimately enhancing patient care," said Alexander Herman, MD, PhD, an assistant professor at the U of M Medical School and attending psychiatrist with M Health Fairview.

This research underscores the potential of automated solutions to enhance the reliability and efficiency of iEEG data interpretation -- critical for seizure localization and improved patient outcomes.

"This research demonstrates the potential of automated algorithms to outperform human experts in identifying bad EEG channels. By reducing the workload and variability in assessments, we can focus more on clinical decision-making and patient care," said David Darrow, MD, MPH, an assistant professor at the U of M Medical School and neurosurgeon with M Health Fairview

Future research should aim to refine these automated methods further and explore their application in real-time clinical settings.

Funding was provided by the Institute for Translational Neuroscience and MnDRIVE Brain Conditions.
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NREL advances method for recyclable wind turbine blades | ScienceDaily
Researchers at the U.S. Department of Energy's National Renewable Energy Laboratory (NREL) see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.


						
The findings are published in the new issue of the journal Science. The new resin, which is made of materials produced using bio-derivable resources, performs on par with the current industry standard of blades made from a thermoset resin and outperforms certain thermoplastic resins intended to be recyclable.

The researchers built a prototype 9-meter blade to demonstrate the manufacturability of an NREL-developed biomass-derivable resin nicknamed PECAN. The acronym stands for PolyEster Covalently Adaptable Network, and the manufacturing process dovetails with current methods. Under existing technology, wind blades last about 20 years, and afterward they can be mechanically recycled such as shredded for use as concrete filler. PECAN marks a leap forward because of the ability to recycle the blades using mild chemical processes.

The chemical recycling process allows the components of the blades to be recaptured and reused again and again, allowing the remanufacture of the same product, according to Ryan Clarke, a postdoctoral researcher at NREL and first author of the new paper. "It is truly a limitless approach if it's done right."

He said the chemical process was able to completely break down the prototype blade in six hours.

The paper, "Manufacture and testing of biomass-derivable thermosets for wind blade recycling," involved work from investigators at five NREL research hubs, including the National Wind Technology Center and the BOTTLE Consortium. The researchers demonstrated an end-of-life strategy for the PECAN blades and proposed recovery and reuse strategies for each component.

"The PECAN method for developing recyclable wind turbine blades is a critically important step in our efforts to foster a circular economy for energy materials," said Johney Green, NREL's associate laboratory director for Mechanical and Thermal Engineering Sciences.




The research into the PECAN resin began with the end. The scientists wanted to make a wind blade that could be recyclable and began experimenting with what feedstock they could use to achieve that goal. The resin they developed using bio-derivable sugars provided a counterpoint to the conventional notion that a blade designed to be recyclable will not perform as well.

"Just because something is bio-derivable or recyclable does not mean it's going to be worse," said Nic Rorrer, one of the two corresponding authors of the Science paper. He said one concern others have had about these types of materials is that the blade would be subject to greater "creep," which is when the blade loses its shape and deforms over time. "It really challenges this evolving notion in the field of polymer science, that you can't use recyclable materials because they will underperform or creep too much."

Composites made from the PECAN resin held their shape, withstood accelerated weatherization validation, and could be made within a timeframe similar to the existing cure cycle for how wind turbine blades are currently manufactured.

While wind blades can measure the length of a football field, the size of the prototype provided proof of the process.

"Nine meters is a scale that we were able to demonstrate all of the same manufacturing processes that would be used at the 60-, 80-, 100-meter blade scale," said Robynne Murray, the second corresponding author.

The other coauthors, all from NREL, are Erik Rognerud, Allen Puente-Urbina, David Barnes, Paul Murdy, Michael McGraw, Jimmy Newkirk, Ryan Beach, Jacob Wrubel, Levi Hamernik, Katherine Chism, Andrea Baer, and Gregg Beckham.

The U.S. Department of Energy jointly funded the research through its Advanced Materials and Manufacturing Technologies Office and Bioenergy Technologies Office and their support of the BOTTLE Consortium. Additional research and funding will allow the investigators to build larger blades and to explore more bio-derived formulations.

NREL is the U.S. Department of Energy's primary national laboratory for renewable energy and energy efficiency research and development. NREL is operated for DOE by the Alliance for Sustainable Energy LLC.
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Bubbling, frothing and sloshing: Long-hypothesized plasma instabilities finally observed | ScienceDaily
Whether between galaxies or within doughnut-shaped fusion devices known as tokamaks, the electrically charged fourth state of matter known as plasma regularly encounters powerful magnetic fields, changing shape and sloshing in space. Now, a new measurement technique using protons, subatomic particles that form the nuclei of atoms, has captured details of this sloshing for the first time, potentially providing insight into the formation of enormous plasma jets that stretch between the stars.


						
Scientists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) created detailed pictures of a magnetic field bending outward because of the pressure created by expanding plasma. As the plasma pushed on the magnetic field, bubbling and frothing known as magneto-Rayleigh Taylor instabilities arose at the boundaries, creating structures resembling columns and mushrooms.

Then, as the plasma's energy diminished, the magnetic field lines snapped back into their original positions. As a result, the plasma was compressed into a straight structure resembling the jets of plasma that can stream from ultra-dense dead stars known as black holes and extend for distances many times the size of a galaxy. The results suggest that those jets, whose causes remain a mystery, could be formed by the same compressing magnetic fields observed in this research.

"When we did the experiment and analyzed the data, we discovered we had something big," said Sophia Malko, a PPPL staff research physicist and lead scientist on the paper. "Observing magneto-Rayleigh Taylor instabilities arising from the interaction of plasma and magnetic fields had long been thought to occur but had never been directly observed until now. This observation helps confirm that this instability occurs when expanding plasma meets magnetic fields. We didn't know that our diagnostics would have that kind of precision. Our whole team is thrilled!"

"These experiments show that magnetic fields are very important for the formation of plasma jets," said Will Fox, a PPPL research physicist and principal investigator of the research reported in Physical Review Research. "Now that we might have insight into what generates these jets, we could, in theory, study giant astrophysical jets and learn something about black holes."

PPPL has world-renowned expertise in developing and building diagnostics, sensors that measure properties like density and temperature in plasma in a range of conditions. This achievement is one of several in recent years that illustrates how the Lab is advancing measurement innovation in plasma physics.

Using a new technique to produce unprecedented detail

The team improved a measurement technique known as proton radiography by creating a new variation for this experiment that would allow for extremely precise measurements. To create the plasma, the team shone a powerful laser at a small disk of plastic. To produce protons, they shone 20 lasers at a capsule containing fuel made of varieties of hydrogen and helium atoms. As the fuel heated up, fusion reactions occurred and produced a burst of both protons and intense light known as X-rays.




The team also installed a sheet of mesh with tiny holes near the capsule. As the protons flowed through the mesh, the outpouring was separated into small, separate beams that were bent because of the surrounding magnetic fields. By comparing the distorted mesh image to an undistorted image produced by X-rays, the team could understand how the magnetic fields were pushed around by the expanding plasma, leading to whirl-like instabilities at the edges.

"Our experiment was unique because we could directly see the magnetic field changing over time," Fox said. "We could directly observe how the field gets pushed out and responds to the plasma in a type of tug of war."

Diversifying a research portfolio

The findings exemplify how PPPL is expanding its focus to include research focused on high energy density (HED) plasma. Such plasmas, like the one created in this experiment's fuel capsule, are hotter and denser than those used in fusion experiments. "HED plasma is an exciting area of growth for plasma physics," Fox said. "This work is part of PPPL's efforts to advance this field. The results show how the Laboratory can create advanced diagnostics to give us new insights into this type of plasma, which can be used in laser fusion devices, as well as in techniques that use HED plasma to create radiation for microelectronics manufacturing."

"PPPL has an enormous amount of knowledge and experience in magnetized plasmas that can contribute to the field of laser-produced HED plasmas and help make significant contributions," Fox said.

"HED science is complex, fascinating and key to understanding a wide range of phenomena," said Laura Berzak Hopkins, PPPL's associate laboratory director for strategy and partnerships and deputy chief research officer. "It's incredibly challenging to both generate these conditions in a controlled manner and develop advanced diagnostics for precision measurements. These exciting results demonstrate the impact of integrating PPPL's breadth of technical expertise with innovative approaches."

More experiments and better simulations




The researchers plan to work on future experiments that will help improve models of expanding plasma. "Scientists have assumed that in these situations, density and magnetism vary directly, but it turns out that that's not true," Malko said.

"Now that we have measured these instabilities very accurately, we have the information we need to improve our models and potentially simulate and understand astrophysical jets to a higher degree than before," Malko said. "It's interesting that humans can make something in a laboratory that usually exists in space."

Collaborators included researchers from the University of California-Los Angeles, the Sorbonne University, Princeton University and the University of Michigan. The research was funded by the DOE's Laboratory-Directed Research and Development program under contract number DE-AC02-09CH11466. The experiment was conducted using the University of Rochester's Omega Laser Facility under DOE/National Nuclear Security Administration contract number DE-NA0003856.
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Highest-resolution observations yet from the surface of Earth | ScienceDaily
The Event Horizon Telescope (EHT) Collaboration has conducted test observations, using the Atacama Large Millimeter/submillimeter Array (ALMA) and other facilities, that achieved the highest resolution ever obtained from the surface of Earth [1]. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. The Collaboration estimates that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more black holes than they have done so far. The new detections, part of a pilot experiment, were published today in The Astronomical Journal.


						
The EHT Collaboration released images of M87*, the supermassive black hole at the centre of the M87 galaxy, in 2019, and of Sgr A*, the black hole at the heart of our Milky Way galaxy, in 2022. These images were obtained by linking together multiple radio observatories across the planet, using a technique called very long baseline interferometry (VLBI), to form a single 'Earth-sized' virtual telescope.

To get higher-resolution images, astronomers typically rely on bigger telescopes -- or a larger separation between observatories working as part of an interferometer. But since the EHT was already the size of Earth, increasing the resolution of their ground-based observations called for a different approach. Another way to increase the resolution of a telescope is to observe light of a shorter wavelength -- and that's what the EHT Collaboration has now done.

"With the EHT, we saw the first images of black holes using the 1.3-mm wavelength observations, but the bright ring we saw, formed by light bending in the black hole's gravity, still looked blurry because we were at the absolute limits of how sharp we could make the images," said the study's co-lead Alexander Raymond, previously a postdoctoral scholar at the Center for Astrophysics | Harvard & Smithsonian (CfA), and now at the Jet Propulsion Laboratory, both in the United States. "At 0.87 mm, our images will be sharper and more detailed, which in turn will likely reveal new properties, both those that were previously predicted and maybe some that weren't."

To show that they could make detections at 0.87 mm, the Collaboration conducted test observations of distant, bright galaxies at this wavelength [2]. Rather than using the full EHT array, they employed two smaller subarrays, both of which included ALMA and the Atacama Pathfinder EXperiment (APEX) in the Atacama Desert in Chile. The European Southern Observatory (ESO) is a partner in ALMA and co-hosts and co-operates APEX. Other facilities used include the IRAM 30-meter telescope in Spain and the NOrthern Extended Millimeter Array (NOEMA) in France, as well as the Greenland Telescope and the Submillimeter Array in Hawai'i.

In this pilot experiment, the Collaboration achieved observations with detail as fine as 19 microarcseconds, meaning they observed at the highest-ever resolution from the surface of Earth. They have not been able to obtain images yet, though: while they made robust detections of light from several distant galaxies, not enough antennas were used to be able to accurately reconstruct an image from the data.

This technical test has opened up a new window to study black holes. With the full array, the EHT could see details as small as 13 microarcseconds, equivalent to seeing a bottle cap on the Moon from Earth. This means that, at 0.87 mm, they will be able to get images with a resolution about 50% higher than that of previously released M87* and SgrA* 1.3-mm images. In addition, there's potential to observe more distant, smaller and fainter black holes than the two the Collaboration has imaged thus far.




EHT Founding Director Sheperd "Shep" Doeleman, an astrophysicist at the CfA and study co-lead, says: "Looking at changes in the surrounding gas at different wavelengths will help us solve the mystery of how black holes attract and accrete matter, and how they can launch powerful jets that stream over galactic distances."

This is the first time that the VLBI technique has been successfully used at the 0.87 mm wavelength. While the ability to observe the night sky at 0.87 mm existed before the new detections, using the VLBI technique at this wavelength has always presented challenges that took time and technological advances to overcome. For example, water vapour in the atmosphere absorbs waves at 0.87 mm much more than it does at 1.3 mm, making it more difficult for radio telescopes to receive signals from black holes at the shorter wavelength. Combined with increasingly pronounced atmospheric turbulence and noise buildup at shorter wavelengths, and an inability to control global weather conditions during atmospherically sensitive observations, progress to shorter wavelengths for VLBI -- especially those that cross the barrier into the submillimetre regime -- has been slow. But with these new detections, that's all changed.

"These VLBI signal detections at 0.87 mm are groundbreaking since they open a new observing window for the study of supermassive black holes," states Thomas Krichbaum, a co-author of the study from the Max Planck Institute for Radio Astronomy in Germany, an institution that operates the APEX telescope together with ESO. He adds: "In the future, the combination of the IRAM telescopes in Spain (IRAM-30m) and France (NOEMA) with ALMA and APEX will enable imaging of even smaller and fainter emission than has been possible thus far at two wavelengths, 1.3 mm and 0.87 mm, simultaneously."

Notes

[1] There have been astronomical observations with higher resolution, but these were obtained by combining signals from telescopes on the ground with a telescope in space: https://www.mpifr-bonn.mpg.de/pressreleases/2022/2. The new observations released today are the highest-resolution ones ever obtained using only ground-based telescopes.

[2] To test their observations, the EHT Collaboration pointed the antennas to very distant 'active' galaxies, which are powered by supermassive black holes at their cores and are very bright. These types of sources help to calibrate the observations before pointing the EHT to fainter sources, like nearby black holes.
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How much microplastic are you drinking? New tool can tell you in minutes | ScienceDaily
Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, from testicles to brain matter.


						
Now, University of British Columbia researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

The device, paired with an app, uses fluorescent labeling to detect plastic particles ranging from 50 nanometres to 10 microns in size -- too small to be detected by the naked eye -- and delivers results in minutes.

The method and findings are detailed in ACS Sensors.

"The breakdown of larger plastic pieces into microplastics and nanoplastics presents significant threats to food systems, ecosystems, and human health," said Dr. Tianxi Yang, an assistant professor in the faculty of land and food systems, who developed the tool. "This new technique allows quick, cheap detection of these plastics, which could help protect our health and ecosystems."

Nano and microplastics are byproducts of degrading plastic materials such as lunchboxes, cups and utensils. As very small particles with a large surface area, nanoplastics are particularly concerning to human health due to their increased ability to absorb toxins and penetrate biological barriers within the human body.

Detecting these plastics typically requires skilled personnel and expensive equipment. Dr. Yang's team wanted to make detection faster, more accessible and more reliable.




They created a small, biodegradable, 3D-printed box containing a wireless digital microscope, green LED light and an excitation filter. To measure the plastics, they customized MATLAB software with machine-learning algorithms and combined it with image capture software.

The result is a portable tool that works with a smartphone or other mobile device to reveal the number of plastic particles in a sample. The tool only needs a tiny liquid sample -- less than a drop of water -- and makes the plastic particles glow under the green LED light in the microscope to visualize and measure them. The results are easy to understand, whether by a technician in a food processing lab or just someone curious about their morning cup of coffee.

For the study, Dr. Yang's team tested disposable polystyrene cups. They filled the cups with 50 mL of distilled, boiling water and let it cool for 30 minutes. The results showed that the cups released hundreds of millions of nano-sized plastic particles, roughly one-hundredth the width of a human hair and smaller.

"Once the microscope in the box captures the fluorescent image, the app matches the image's pixel area with the number of plastics," said co-author Haoming (Peter) Yang, a master's student in the faculty of land and food systems. "The readout shows if plastics are present and how much. Each test costs only 1.5 cents."

The tool is currently calibrated to measure polystyrene, but the machine-learning algorithm could be tweaked to measure different types of plastics like polyethylene or polypropylene. Next, the researchers aim to commercialize the device to analyze plastic particles for other real-world applications.

The long-term impacts of ingesting plastic from beverages, food, and even from airborne plastic particles are still being studied but show cause for concern.

"To reduce plastic ingestion, it is important to consider avoiding petroleum-based plastic products by opting for alternatives like glass or stainless steel for food containers. The development of biodegradable packaging materials is also important for replacing traditional plastics and moving towards a more sustainable world," said Dr. Yang.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240827105019.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists develop AI-driven method to enhance electron microscopy imaging capabilities of complex biological systems | ScienceDaily
Electron microscope (EM) has revolutionised our ability to visualise the intricate details inside cells. The advancement to 3D electron microcopy, known as volume EM (vEM), has further expanded this three-dimensional, nanoscale imaging capacity. However, trade-offs between imaging speed, quality, and sample size still limit the achievable imaging area and volume. Concurrently, artificial intelligence (AI) is emerging as a pivotal force across various scientific domains, driving breakthroughs and serving as a vital tool in the scientific process.


						
Inspired by the recent breakthroughs in AI-powered image generation models, specifically the development of advanced diffusion models, a research team led by Professor Haibo JIANG from the Department of Chemistry and Professor Xiaojuan QI from the Department of Electrical and Electronic Engineering at The University of Hong Kong (HKU) has developed a suite of diffusion model-based algorithms called EMDiffuse. This innovative solution aims to enhance imaging capabilities and resolve the trade-offs faced by EM and vEM. Their findings have recently been published in Nature Communications.

For conventional 2D EM, EMDiffuse excels at restoring realistic, high-quality visuals with high-resolution ultrastructural details, even from noisy or low-resolution inputs. Unlike other deep learning-based denoising or super-resolution methods, EMDiffuse adopts a unique approach by sampling the solution from the target distribution. EMDiffuse incorporates low-quality images as a condition or constraint at each step of its diffusion-based process to ensure the accuracy of the generated structure. This means the low-quality input is actively used to guide and shape the restoration rather than just being the starting point. Diffusion model can effectively prevent blurriness, maintaining resolution comparable to ground truth, which is crucial for detailed ultrastructural studies. Moreover, the generalisability and transferability of EMDiffuse allow its application to various datasets directly or after minimal fine-tuning with just one pair of training images.

In vEM, current hardware often struggles to capture high-resolution 3D images of large samples, especially in the depth (or 'z-direction'), making it difficult to fully study the 3D structure of important cell components like mitochondria and the endoplasmic reticulum.

EMDiffuse addresses this issue with two flexible approaches. It can use 'isotropic' training data -- 3D image datasets with uniform, high resolution in all dimensions -- to learn how to enhance the axial resolution of other 3D data. Alternatively, EMDiffuse can analyse existing 3D images and improve their depth resolution through self-supervised techniques without requiring specialised training data. This versatility allows EMDiffuse to enhance the quality and usefulness of 3D electron microscopy data across different research applications.

The restored volumes demonstrate exceptional accuracy in studying ultrastructural details, such as mitochondrial cristae and interactions between mitochondria and the ER, which are challenging to observe in original anisotropic volumes. Since EMDiffuse does not require isotropic training data, it can be directly applied to any existing anisotropic volume to improve its axial resolution.

EMDiffuse represents an important advancement in the imaging capabilities of both EM and vEM, enhancing image quality and axial resolution of the data produced. 'With this foundation, we can envision further development and acceleration of the EMDiffuse algorithm, paving the way for in-depth investigations into the intricate subcellular nanoscale ultrastructure within large biological systems,' said Professor Haibo Jiang, one of the corresponding authors of the paper. 'As this AI-powered imaging technology matures, we are excited to see how it enables researchers to uncover the previously undiscovered operational mechanisms within biological systems,' echoed Professor Xiaojuan Qi, another corresponding author of the paper.
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Video gaming improves mental well-being, landmark study finds | ScienceDaily
A pioneering study titled "Causal effect of video gaming on mental well-being in Japan 2020-2022," published in Nature Human Behaviour, has conducted the most comprehensive investigation to date on the causal relationship between video gaming and mental well-being. This research, the first to demonstrate this relationship using real-life data, challenges commonly held views about the effects of gaming.


						
Key Findings:
    	Analysis of 97,602 survey responses from Japanese residents aged 10 to 69 during the COVID-19 period
    	Game console ownership, along with increased gameplay, significantly improved mental well-being
    	Machine learning analysis revealed that different consoles had varying impacts: PlayStation 5 showed smaller benefits for adolescents and females, while Nintendo Switch demonstrated larger benefits for adolescents

The study found substantial improvements in mental well-being: owning a Nintendo Switch improved mental health by 0.60 standard deviations, while owning a PlayStation 5 improved it by 0.12 standard deviations. Additionally, PlayStation 5 ownership increased life satisfaction by 0.23 standard deviations.

The research team, comprising experts from Osaka University, Hamamatsu University School of Medicine, Takasaki City University of Economics, the National Graduate Institute for Policy Studies, and Nihon University, utilized a unique natural experimental design. By analyzing data from game console lotteries during COVID-19 supply shortages, they established a causal link between gaming and improved mental health.

"Our findings challenge common stereotypes about gaming being harmful or merely providing temporary euphoria," said lead author Hiroyuki Egami, PhD., Assistant Professor at Nihon University. "We've shown that gaming can improve mental health and life satisfaction across a broad spectrum of individuals."

Egami further explained, "Many earlier studies drew conclusions from correlational analysis with observational data, which can't distinguish between cause and effect. Our natural experimental design allows us to confidently say that gaming actually leads to improved well-being, rather than just being associated with it."

Md. Shafiur Rahman, PhD., Senior Assistant Professor at Hamamatsu University School of Medicine and second author of the study added: "As an epidemiologist, I've often seen concerns about gaming's negative impacts. However, this study's robust methodology challenges those preconceptions. It highlights the need for a more nuanced approach in studying digital media's effects on health."

Notably, the study found that while the PlayStation 5 offered relatively smaller psychological benefits for children, the Nintendo Switch provided larger psychological benefits. These findings question the stereotype that games are universally harmful to children and emphasize the importance of considering the multifaceted nature of gaming, including platforms, genres, and playing styles, in research and policymaking.

While the data for this study was collected during the COVID-19 period, the authors note the importance of future research to verify these results in different contexts. Nonetheless, the study's robust methodology provides compelling evidence for the causal relationship between video gaming and improved mental well-being.

This impactful research provides crucial evidence for policymakers and international organizations like WHO and UNICEF to develop more nuanced approaches to digital media consumption. It also paves the way for future research into personalized gaming experiences that could enhance well-being.
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Hidden magmatism discovered at the Chang'e-6 lunar landing site | ScienceDaily
Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrical understandings of the Moon and disclosing the lunar dichotomy conundrum.


						
Earlier this year, the Chang'e-6 mission of the Chinese Lunar Exploration Program, successfully launched on May 3, landed on the lunar surface on June 2, and returned to the Earth on June 25 carrying a total of 1935.3g of lunar soils. It is the world's first lunar farside sample-return mission, which landed in the south of the Apollo basin within the SPA basin on the farside. These precious samples would open a window to solve the long-standing question of lunar dichotomy, even reshape human's knowledge of our closest neighbour. However, compared with the well-known mare volcanism surrounding the Chang'e-6 landing site, the intrusive magmatic activities have a much more obscure presence and origin, impeding future sample analyses when they are available for application.

In a recent research paper published in The Astrophysical Journal Letters, Dr Yuqi QIAN, Professor Joseph MICHALSKI and Professor Guochun ZHAO from the Department of Earth Sciences at The University of Hong Kong (HKU) and their domestic and international collaborators have comprehensively studied the intrusive magmatism of the Chang'e-6 landing site and its surroundings based on remote sensing data. The study revealed their extensive distributions and obscure nature with significant implications for the petrogenesis of lunar plutonic rocks and the Chang'e-6 mission, which will facilitate scientists' further study of lunar farside.

The study has found that intrusive magmatism is widespread in the SPA basin. They occur in various forms including sills beneath floor-modified craters, linear and ring dikes shown by gravity data, and Mg-suite intrusions with characteristic spectral absorptions. These observations agree with the intermediate-thick crust of SPA where intrusion is favored. Landing in the SPA basin, Chang'e-6 likely collected plutonic rocks, excavated and transported by adjacent impact craters to the sampling site, that could be examined by the ongoing sample studies. They have discovered two heavily degraded floor-fractured craters, inspiring to identify more similar features on the Moon. All indicate that intrusive magmatism is abundant in the Chang'e-6 sampling region.

This study has traced potential plutonic materials in the Chang'e-6 samples and found that Mg-suite materials highly likely exist, primarily from the western peak ring of the Apollo basin delivered by Chaffee S crater. These Mg-rich materials contain crucial information on the origin of mysterious KREEP-poor Mg-suite rocks. Samples from both the intrusive and extrusive magmatism from the never sampled farside, especially the mysterious Mg-suite, will shed further light on solving the lunar dichotomy conundrum and a series of fundamental scientific questions relating to secondary crust building and early evolution of the Moon.

Professor Xianhua LI, an academician of the Chinese Academy of Science (CAS), and a leader of China's lunar sample studies from the Institute of Geology and Geophysics (CAS), said: 'The results of this research set a significant geological framework to study plutonic rocks in the Chang'e-6 samples, especially Mg-suite rocks.' Professor Li emphasised: 'Their petrogenesis and timing are unclear, and this research would dramatically help to understand their origin mechanism.'

'This research is an excellent example of HKU's deep involvement in the China's Lunar Exploration Program,' said Professor Guochun ZHAO, an academician of the Chinese Academy of Science and Chair Professor of Earth Sciences (HKU). 'Lunar and space exploration programs are an important component of China's goal to become a scientific and technological power, and HKU's proactive involvement in these programs will bring additional resources for Hong Kong to become an international centre for science and innovation,' he continued.

HKU is the first university in Hong Kong that possesses lunar samples obtained by the Chang'e-5 mission. Building on the foundation of this work, the geologists from HKU will also pursue opportunities to study Chang'e-6 samples in the future and be more deeply involved in the Chinese Lunar Exploration Program.
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Six new rogue worlds: Star birth clues | ScienceDaily
The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planetlike masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it.


						
The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

"We are probing the very limits of the star forming process," said lead author Adam Langeveld, an astrophysicist at Johns Hopkins University. "If you have an object that looks like a young Jupiter, is it possible that it could have become a star under the right conditions? This is important context for understanding both star and planet formation."

The findings come from Webb's deepest survey of the young nebula NGC1333, a star-forming cluster about a thousand light-years away in the Perseus constellation. A new image from the survey released today by the European Space Agency shows NGC1333 glowing with dramatic displays of interstellar dust and clouds. A paper detailing the survey's findings has been accepted for publication in The Astronomical Journal.

Webb's data suggest the discovered worlds are gas giants 5-10 times more massive than Jupiter. That means they are among the lowest-mass objects ever found to have grown from a process that would generally produce stars and brown dwarfs, objects straddling the boundary between stars and planets that never ignite hydrogen fusion and fade over time.

"We used Webb's unprecedented sensitivity at infrared wavelengths to search for the faintest members of a young star cluster, seeking to address a fundamental question in astronomy: How light an object can form like a star?" said Johns Hopkins Provost Ray Jayawardhana, an astrophysicist and senior author of the study. "It turns out the smallest free-floating objects that form like stars overlap in mass with giant exoplanets circling nearby stars."

The telescope's observations revealed no objects lower than five Jupiter masses despite possessing sufficient sensitivity to detect such bodies. That's a strong indication that any stellar objects lighter than this threshold are more likely to form the way planets do, the authors concluded.




"Our observations confirm that nature produces planetary mass objects in at least two different ways -- from the contraction of a cloud of gas and dust, the way stars form, and in disks of gas and dust around young stars, as Jupiter in our own solar system did," Jayawardhana said.

The most intriguing of the starless objects is also the lightest, having an estimated mass of five Jupiters (about 1,600 Earths). The presence of a dusty disk means the object almost certainly formed like a star, as space dust generally spins around a central object in the early stages of star formation, said Langeveld, a postdoctoral researcher in Jayawardhana's group.

Disks are also a prerequisite for the formation of planets, suggesting the observations may also have important implications for potential "mini" planets.

"Those tiny objects with masses comparable to giant planets may themselves be able to form their own planets," said co-author Aleks Scholz, an astrophysicist at the University of St Andrews. "This might be a nursery of a miniature planetary system, on a scale much smaller than our solar system."

Using the NIRISS instrument on Webb, the astronomers measured the infrared light profile (or spectrum) of every object in the observed portion of the star cluster and reanalyzed 19 known brown dwarfs. They also discovered a new brown dwarf with a planetary-mass companion, a rare finding that challenges theories of how binary systems form.

"It's likely that such a pair formed the way binary star systems do, from a cloud fragmenting as it contracted," Jayawardhana said. "The diversity of systems that nature has produced is remarkable and pushes us to refine our models of star and planet formation."

Rogue worlds may originate from collapsing molecular clouds that lack the mass for the nuclear fusion that powers stars. They can also form when gas and dust in disks around stars coalesce into planetlike orbs that are eventually ejected from their star systems, probably because of gravitational interactions with other bodies.




These free-floating objects blur classifications of celestial bodies because their masses overlap with gas giants and brown dwarfs. Even though such objects are considered rare in the Milky Way galaxy, the new Webb data show they account for about 10% of celestial bodies in the targeted star cluster.

In the coming months, the team will study more of the faint objects' atmospheres and compare them to heavier brown dwarfs and gas giant planets. They have also been awarded time on the Webb telescope to study similar objects with dusty disks to explore the possibility of forming mini planetary systems resembling Jupiter's and Saturn's numerous moons.

Other authors are Koraljka Muzi? and Daniel Capela of Universidade de Lisboa; Loic Albert, Rene Doyon, and David Lafreniere of Universite de Montreal; Laura Flagg of Johns Hopkins; Matthew de Furio of University of Texas at Austin; Doug Johnstone of Herzberg Astronomy and Astrophysics Research Centre; and Michael Meyer of University of Michigan, Ann Arbor.

The Deep Spectroscopic Survey for Young Brown Dwarfs and Free-Floating Planets used the Near Infrared Imager and Slitless Spectrograph (NIRISS) instrument on the James Webb Space Telescope, a collaboration between NASA, the European Space Agency, and the Canadian Space Agency.

The authors acknowledge support from the UKRI Science and Technology Facilities Council, the Fundacao para a Ciencia e a Tecnologia (FCT), the U.S. National Science Foundation, and the National Research Council of Canada.
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AI spots cancer and viral infections at nanoscale precision | ScienceDaily
Researchers at the Centre for Genomic Regulation (CRG), the University of the Basque Country (UPV/EHU), Donostia International Physics Center (DIPC) and the Fundacion Biofisica Bizkaia (FBB, located in Biofisika Institute) have developed an artificial intelligence which can differentiate cancer cells from normal cells, as well as detect the very early stages of viral infection inside cells. The findings, published today in a study in the journal Nature Machine Intelligence, pave the way for improved diagnostic techniques and new monitoring strategies for disease.


						
The tool, AINU (AI of the NUcleus), scans high-resolution images of cells. The images are obtained with a special microscopy technique called STORM, which creates a picture that captures many finer details than what regular microscopes can see. The high-definition snapshots reveal structures at nanoscale resolution.

A nanometre (nm) is one-billionth of a metre, and a strand of human hair is about 100,000nm wide. The AI can detect rearrangements inside cells as small as 20nm, or 5,000 times smaller than the width of a human hair. These alterations are too small and subtle for human observers to find with traditional methods alone.

"The resolution of these images is powerful enough for our AI to recognise specific patterns and differences with remarkable accuracy, including changes in how DNA is arranged inside cells, helping spot alterations very soon after they occur. We think that, one day, this type of information can buy doctors valuable time to monitor disease, personalise treatments and improve patient outcomes," says ICREA Research Professor Pia Cosma, co-corresponding author of the study and researcher at the Centre for Genomic Regulation in Barcelona.

'Facial recognition' at the molecular level

AINU is a convolutional neural network, a type of AI specifically designed to analyse visual data like images. Examples of convolutional neural networks include AI tools which enables users to unlock smartphones with their face, or others used by self-driving cars to understand and navigate environments by recognising objects on the road.

In medicine, convolutional neural networks are used to analyse medical images like mammograms or CT scans and identify signs of cancer that might be missed by the human eye. They can also help doctors detect abnormalities in MRI scans or X-ray images, helping make a faster and more accurate diagnosis.




AINU detects and analyses tiny structures inside cells at the molecular level. The researchers trained the model by feeding it with nanoscale-resolution images of the nucleus of many different types of cells in different states. The model learned to recognize specific patterns in cells by analysing how nuclear components are distributed and arranged in three-dimensional space.

For example, cancer cells have distinct changes in their nuclear structure compared to normal cells, such as alterations to how their DNA is organised or the distribution of enzymes within the nucleus. After training, AINU could analyse new images of cell nuclei and classify them as cancerous or normal based on these features alone.

The nanoscale resolution of the images enabled the AI detect changes in a cell's nucleus as soon as one hour after it was infected by the herpes simplex virus type-1. The model could detect the presence of the virus by finding slight differences in how tightly DNA is packed, which happens when a virus starts to alter the structure of the cell's nucleus.

"Our method can detect cells that have been infected by a virus very soon after the infection starts. Normally, it takes time for doctors to spot an infection because they rely on visible symptoms or larger changes in the body. But with AINU, we can see tiny changes in the cell's nucleus right away," says Ignacio Arganda-Carreras, co-corresponding author of the study and Ikerbasque Research Associate at UPV/EHU and affiliated with the FBB-Biofisika Institute and the DIPC in San Sebastian/Donostia.

"Researchers can use this technology to see how viruses affect cells almost immediately after they enter the body, which could help in developing better treatments and vaccines. hospitals and clinics, AINU could be used to quickly diagnose infections from a simple blood or tissue sample, making the process faster and more accurate," adds Limei Zhong, co-first author of the study and researcher at the Guangdong Provincial People's Hospital (GDPH) in Guangzhou, China.

Laying the groundwork for clinical readiness

The researchers have to overcome important limitations before the technology is ready to be tested or deployed in a clinical setting. For example, STORM images can only be taken with specialized equipment normally only found in biomedical research labs. Setting up and maintaining the imaging systems required by the AI is a significant investment in both equipment and technical expertise.




Another constraint is that STORM imaging typically analyses only a few cells at a time. For diagnostic purposes, especially in clinical settings where speed and efficiency are crucial, doctors would need to capture many more numbers of cells in a single image to be able to detect or monitor a disease.

"There are many rapid advances in the field of STORM imaging which mean that microscopes may soon be available in smaller or less specialized labs, and eventually, even in the clinic. The limitations of accessibility and throughput are more tractable problems than we previously thought and we hope to carry out preclinical experiments soon," says Dr. Cosma.

Though clinical benefits might be years away, AINU is expected to accelerate scientific research in the short term. The researchers found the technology could identify stem cells with very high precision. Stem cells can develop into any type of cell in the body, an ability known as pluripotency. Pluripotent cells are studied for their potential in helping repair or replace damaged tissues.

AINU can make the process of detecting pluripotent cells quicker and more accurate, helping make stem cell therapies safer and more effective. "Current methods to detect high-quality stem cells rely on animal testing. However, all our AI model needs to work is a sample that is stained with specific markers that highlight key nuclear features. As well as being easier and faster, it can accelerate stem cell research while contributing to the shift in reducing animal use in science," says Davide Carnevali, first author of the research and researcher at the CRG.
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Metal baseball bats still help Little Leaguers hit a little better | ScienceDaily
While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal "sweet spot."


						
After testing wood bats and two types of metal bats with youth players, Washington State University researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the hits were on less optimal areas that there was a bigger difference.

"There's more of a penalty when you're not on the sweet spot with wood bats than with the other metal bats," said Lloyd Smith, director of WSU's Sport Science Laboratory and lead author on the study published in The Journal of Sports Engineering and Technology.

Smith's team has been working with USA Baseball to develop a new wood-like metal bat standard. This study further investigated the performance of the bats designed to meet that standard with lab and field studies -- in comparison to wood bats as well as the metal bats previously used in youth baseball, known as BPF 1.15.

The researchers had 52 players, with an average age of 12, take several swings with each type of bat in a batting cage for a total of more than 1,500 swings. The players, bats and balls all had motion sensors attached to measure speed of the swing as well as the balls' exit speed.

As expected, baseballs hit with the BPF 1.15 metal bats had higher exit speeds than the wood bats, since these metal bats were discontinued in youth leagues because of their performance advantage. For the USA Baseball standard bats, the exit speeds were closer to that of wood but were still on average higher. The data analysis revealed that the difference was in hits that were outside the highest performance spot on the bat.

Metal bats were adopted in amateur baseball leagues back in the 1970s in part because wood bats break and can be costly over time. Soon players noticed the hollow metal bats conferred an advantage from their "trampoline effect" -an advantage that grew as companies competed to make a better bat. Seeing potential hazards and changes to the game from these metal bats, league officials tried to reign this in starting in the 1990s, ultimately restricting the use of metal bats to those that performed in a similar way to wood.




As this study shows, a small performance advantage remains even with the USA Baseball bat, but it is one that is acceptable to officials. There are also good reasons for leagues and coaches to use them over wood bats, Smith said. Namely, that performance advantage and their lighter weight can mean better batting averages for young players which can help leagues keep kids more excited about the game.

"Wood is still heavy. Part of baseball is hitting the ball far, but the other part is just hitting the ball," he said. "If you have a heavy bat, you're going to have a harder time making contact because it's harder to control."

Notably, despite the bat performance differences in this study, the skill of the hitters was still the biggest factor in how fast the ball came off the bat. Smith emphasized that if players really want to improve their batting average, the best thing to do is not to improve their bat, but themselves.

"If you're really trying to hit the ball far, you're going to get a much bigger payoff by working out and getting stronger, especially if you're a young kid and growing fast. That's going to have a much larger effect on how hard you hit the ball, then on what bat you buy," he said.
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Insights from satellite data pave the way to better solar power generation | ScienceDaily
Amidst the ongoing energy crisis and under the threat of climate change, exploiting renewable energy sources has quickly become a global necessity. Though our options are varied, solar energy seems to be our best bet -- experts estimate that it may become our main energy source well before the turn of the century.


						
Despite its clear advantages, solar energy generation has some limitations. Much like the wind, solar irradiance in a given region can vary quickly depending on weather conditions, causing fluctuations in power output. These fluctuations not only pose a problem for power grids but also imply that meeting energy demands may not always be a guarantee. Thus, having a clear understanding of the possible variations in solar irradiance in time and space is crucial to determining the optimal locations for solar power plants.

Against this backdrop, a research team led by Specially Appointed Assistant Professor Hideaki Takenaka from the Center for Environmental Remote Sensing, Chiba University, set out to extend our knowledge of solar irradiance over the Asia Pacific region. In their latest study, made available online on June 13, 2024, and published in Volume 276 of Solar Energy in July 2024, they conducted an in-depth analysis of solar irradiance data gathered from geostationary satellites. Other team members included Kalingga Titon Nur Ihsan, Graduate School of Science and Engineering, and Atsushi Higuchi, Center for Environmental Remote Sensing, both from Chiba University, as well as Anjar Dimara Sakti and Ketut Wikantika from the Center for Remote Sensing at Institut Teknologi Bandung.

The data for the analysis came from Himawari-8 and Himawari-9, two Japanese satellites that collect images with high temporal and spatial resolution over the Asia Pacific region. The researchers used AMATERASS solar radiation data obtained from quasi-real time analysis of solar radiation synchronized with geostationary satellite observation. They were developed by Dr. Takenaka and colleagues to accurately estimate solar irradiance via high-speed radiative transfer calculations using neural networks. AMATERASS operation started in July 2007, and analysis data was archived continuously for over 16 years. This data was made publicly available by the Chiba University, CEReS DAAC (Distributed Active Archive Center), downloaded 186,465,724 times, and used in various research and Japanese national projects. By leveraging this technology, the team estimated solar irradiance variability in terms of spatial and temporal heterogeneity. Simply put, they calculated how drastically solar radiation varies in space and time by analyzing solar irradiance data over a 20 km by 20 km grid every ten minutes.

Their analysis revealed interesting facts about solar irradiance over the region. For example, the team found that locations near the equator experienced lower fluctuations in solar irradiance over time compared to higher latitude regions due to the effects of rain and cloud activity. Moreover, regions of higher elevation exhibited higher heterogeneity due to higher cloud activity. The area around the Tibetan Plateau showed high seasonal changes in the magnitude of the 'umbrella effect,' which quantifies how much solar energy is reflected back to space. "Our evaluations based on spatiotemporal data revealed characteristics that would've been impossible to achieve using a traditional approach that relies on simple long-term averages or TMY (Typical Meteorological Year) as a typical solar irradiance data," highlights Dr. Takenaka.

In addition to these insights, the research team assessed the performance of over 1,900 existing solar power plants using annual and seasonal data. They found that, due to umbrella effects caused by clouds, the production of a large portion of these plants is not optimum from June to August. This implies that the most affected zones should not rely entirely on solar power to meet increased demands during these months.

Finally, the researchers also investigated the optimal format for future solar power plants, concluding that more widely distributed solar energy generation is superior to more localized efforts. "Based on the spatial and temporal characteristics of solar irradiance, we suggest that it should be possible to suppress rapid fluctuations in solar power generation output by distributing small photovoltaic systems over a wide area rather than relying on large solar power plants," explains Dr. Takenaka. "Worth noting, these conclusions come from weather and climate research, not an engineering perspective." One way to achieve this vision might be through the use of rooftop solar panels, which is a growing trend in many countries.

Overall, the findings of this study will help us plan for the short- and long-term future of solar energy generation in the Asia Pacific region, bolstering sustainable energy technologies and aiding in our fight against climate change.
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A human-centered AI tool to improve sepsis management | ScienceDaily
A proposed artificial intelligence tool to support clinician decision-making about hospital patients at risk for sepsis has an unusual feature: accounting for its lack of certainty and suggesting what demographic data, vital signs and lab test results it needs to improve its predictive performance.


						
The system, called SepsisLab, was developed based on feedback from doctors and nurses who treat patients in the emergency departments and ICUs where sepsis, the body's overwhelming response to an infection, is most commonly seen. They reported dissatisfaction with an existing AI-assisted tool that generates a patient risk prediction score using only electronic health records, but no input data from clinicians.

Scientists at The Ohio State University designed SepsisLab to be able to predict a patient's sepsis risk within four hours -- but while the clock ticks, the system identifies missing patient information, quantifies how essential it is, and gives a visual picture to clinicians of how specific information will affect the final risk prediction. Experiments using a combination of publicly available and proprietary patient data showed that adding 8% of the recommended data improved the system's sepsis prediction accuracy by 11%.

"The existing model represents a more a traditional human-AI competition paradigm, generating numerous annoying false alarms in ICUs and emergency rooms without listening to clinicians," said senior study author Ping Zhang, associate professor of computer science and engineering and biomedical informatics at Ohio State.

"The idea is we need to involve AI in every intermediate step of decision-making by adopting the 'AI-in-the-human-loop' concept. We're not just developing a tool -- we also recruited physicians into the project. This is a real collaboration between computer scientists and clinicians to develop a human-centered system that puts the physician in the driver's seat."

The research was published Aug. 24 in KDD '24: Proceedings of the 30th ACM SIGKDD Conference on Knowledge Discovery and Data Mining and will be presented orally Wednesday (Aug. 28) at SIGKDD 2024 in Barcelona, Spain.

Sepsis is a life-threatening medical emergency -- it can rapidly lead to organ failure -- but it's not easy to diagnose because its symptoms of fever, low blood pressure, increasing heart rate and breathing problems can look like a lot of other conditions. This work builds upon a previous machine learning model developed by Zhang and colleagues that estimated the optimal time to give antibiotics to patients with a suspected case of sepsis.




SepsisLab is designed to come up with a risk prediction quickly, but produces a new prediction every hour after new patient data has been added to the system.

"When a patient first comes in, there are many missing values, especially for lab tests," said first author Changchang Yin, a computer science and engineering PhD student in Zhang's Artificial Intelligence in Medicine lab.

In most AI models, missing data points are accounted for with a single assigned value -- a process called imputation -- "but the imputation model could suffer from uncertainty that can be propagated to the downstream prediction model," Yin said.

"If the imputation model cannot accurately impute the missing value and it's a very important value, the variable should be observed. Our active sensing algorithm aims to find such missing values and tell clinicians what additional variables they might need to observe -- variables that can make the prediction model more accurate."

Equally important to removing uncertainty from the system over the passage of time is providing clinicians with actionable recommendations. These include lab tests rank-ordered based on their value to the diagnostic process and estimates of how a patient's sepsis risk would change depending on specific clinical treatments.

Experiments showed adding 8% of the new data from lab tests, vital signs and other high-value variables reduced the propagated uncertainty in the model by 70% -- contributing to its 11% improvement in sepsis risk accuracy.




"The algorithm can select the most important variables, and the physician's action reduces the uncertainty," said Zhang, also a core faculty member in Ohio State's Translational Data Analytics Institute. "This fundamental mathematics work is the most important technical innovation -- the backbone of the research."

Zhang sees human-centered AI as part of the future of medicine -- but only if AI interacts with clinicians in a way that makes them trust the system.

"This is not about building an AI system that can conquer the world," he said. "The center of medicine is hypothesis testing and making decisions minute after minute that are not just 'yes' or 'no.' We envision a person at the center of the interaction using AI to help that human feel superhuman."

This research was supported by the National Science Foundation, the National Institutes of Health and an Ohio State President's Research Excellence Accelerator Grant. Zhang has received additional NIH funding to continue collaborating with clinicians on this work.

Additional co-authors include Jeffrey Caterino of The Ohio State University Wexner Medical Center, Bingsheng Yao and Dakuo Wang of Northeastern University, and Pin-Yu Chen of IBM Research.
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New photoacoustic probes enable deep brain tissue imaging | ScienceDaily
To understand the brain better, we need new methods to observe its activity.


						
That is at the heart of a molecular engineering project, spearheaded by two research groups at the European Molecular Biology Laboratory (EMBL), that has resulted in a novel approach to create photoacoustic probes for neuroscience applications. The findings were published in the Journal of the American Chemical Society.

"Photoacoustics offer a way to capture imagery of an entire mouse brain, but we just lacked the right probes to visualise a neuron's activity," said Robert Prevedel, an EMBL group leader and a senior author on this paper. To overcome this technological challenge, he worked with Claire Deo, another EMBL group leader and also a senior author on the paper. She and her team specialise in chemical engineering.

"We have been able to show that we can actually label neurons in specific brain areas with probes bright enough to be detected by our customised photoacoustic microscope," Prevedel said.

Scientists can learn more about biological processes by tracking certain chemicals, such as ions or biomolecules. Photoacoustic probes can act as 'reporters' for hard-to-detect chemicals by binding to them specifically. The probes can then absorb light when excited by lasers and emit sound waves that can be detected by specialised imaging equipment. For neuroscience applications, however, researchers have so far been unable to engineer targeted reporters that can visualise brain functions tailored for photoacoustics.

While researchers have experimented with using synthetic dyes as photoacoustic reporters of neuronal activity, controlling where the dye goes and what might be labelled has been challenging. Proteins have been particularly useful as probes for tagging specific molecules, but have not yet led to effective photoacoustic probes to monitor neural activity across the entire brain.

"In our case, we took the best of both of these sensors, combining a protein with a rationally designed synthetic dye, and we can now label and visualise neurons in specific regions of interest," said Alexander Cook, first author of the study and a predoctoral fellow in the Deo group. In rational design approaches, researchers use existing knowledge and principles to build molecules with the desired properties, instead of blindly making and testing random compounds. "Also, we're not just talking about a static observation, but instead this probe shows a reversible, dynamic response to calcium, which is a marker of neuron activity," Cook added.




According to Deo, an important challenge stood in the way of this technological development. Because photoacoustic probes have not been extensively studied, the researchers lacked a way to evaluate the probes they were building.

Consequently, the project began with Nikita Kaydanov, co-author of the study and predoctoral fellow in the Prevedel Group, who custom-made a spectroscopy setup. "There is no commercial setup that can measure photoacoustic signals of a probe in test tubes or cuvettes, so we had to build one," Kaydanov said. "We created our own photoacoustic spectrometer to assess and optimise the probes."

"This allowed us to evaluate and characterise the different probes we made to assess a few things," Deo said. "Did they produce a detectable photoacoustic signal? Are they sensitive enough? That's how we inferred the next steps."

But just producing probes that work in a vial wasn't where the researchers wanted to stop. They then wanted to see how the probes worked in practice. They figured out a way to deliver the probes into a mouse brain and successfully detected photoacoustic signals from neurons inside the targeted brain regions.

"While we are excited about the progress, we need to be clear that this is just the first generation of these probes," Deo said. "While they offer a very promising approach, we have a lot more work to do, but it's a good first demonstration of what this system can enable and the potential it has in better understanding brain function."

In fact, those next steps include improving the dye delivery system and confirming the ability to use them for dynamic imaging inside cells.

"It is really one of the advantages of EMBL that it brings together so many people with different kinds of expertise," Prevedel said. "We're both developers in our own way -- my group works more on instrumentation, and Claire's group does more molecular tools. And combining this with neuroscientists who then truly test the tools -- this is a special and unique way of doing research, only possible at EMBL."
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Physicists ease path to entanglement for quantum sensing | ScienceDaily
Nothing in science can be achieved or understood without measurement. Today, thanks to advances in quantum sensing, scientists can measure things that were once impossible to even imagine: vibrations of atoms, properties of individual photons, fluctuations associated with gravitational waves.


						
A quantum mechanical trick called "spin squeezing" is widely recognized to hold promise for supercharging the capabilities of the world's most precise quantum sensors, but it's been notoriously difficult to achieve. In new research, Harvard physicists describe how they've put spin squeezing within better reach.

A type of quantum entanglement, spin squeezing constrains the way an ensemble of particles can fluctuate. This enables more precise measurements of certain observable signals, at the expense of measuring other, complementary signals as accurately -- think of how squeezing a balloon yields more height at the expense of width.

"Quantum mechanics can enhance our ability to measure very small signals," said Norman Yao, a physics professor and author of the new paper on spin squeezing in Nature Physics. "We have shown that it is possible to get such quantum-enhanced metrology in a much broader class of systems than was previously thought."

In the balloon metaphor, a circle represents the uncertainty intrinsic to any quantum measurement, explained Maxwell Block, co-author of the paper and a former Griffin Graduate School of Arts and Sciences student. "By squeezing this uncertainty, making the balloon more like an ellipse, one can reshape the sensitivity of measurements," Block said. "This means that certain measurements can be more precise than anything one could possibly do without quantum mechanics."

An analog of spin squeezing was used, for example, to increase the sensitivity of the Nobel-garnering gravitational wave detectors in the LIGO experiment.

The Harvard team's work built upon a landmark 1993 paper that first described the possibility of a spin-squeezed, entangled state brought about by "all-to-all" interactions between atoms. Such interactions are akin to a large Zoom meeting, in which each participant is interacting with every other participant at once. Between atoms, this type of connectivity easily enables the build-up of the quantum mechanical correlations necessary to induce a spin-squeezed state. However, in nature, atoms typically interact in a way that's more like a game of telephone, only speaking with a few neighbors at a time.




"For years, it has been thought that one can only get truly quantum-enhanced spin squeezing via all-to-all interactions," said Bingtian Ye, co-lead author of the paper and also a former Griffin Graduate School of Arts and Sciences student. "But what we have shown is that it is actually way easier."

In their paper, the researchers outline a new strategy for generating spin-squeezed entanglement. They intuited, and together with collaborators in France quickly confirmed via experiment that the ingredients for spin squeezing are present in a ubiquitous type of magnetism found often in nature -- ferromagnetism, which is also the force that makes refrigerator magnets stick. They posit that all-to-all interactions are not necessary to achieve spin squeezing, but rather, so long as the spins are connected well enough to sync into a magnetic state, they should also be able to dynamically generate spin squeezing.

The researchers are optimistic that by thus lowering the barrier to spin squeezing, their work will inspire new ways for quantum scientists and engineers to create more portable sensors, useful in biomedical imaging, atomic clocks, and more.

In that spirit, Yao is now leading experiments to generate spin-squeezing in quantum sensors made out of nitrogen-vacancy centers, which are a type of defect in the crystal structure of diamond that have long been recognized as ideal quantum sensors.

The research received federal support from: the Army Research Office, the Office of Naval Research, the Department of Energy, the Department of Defense, and the National Science Foundation.
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Scientists use evolution to bioengineer new pathways to sustainable energy, pharmaceuticals | ScienceDaily
Using evolution as a guiding principle, researchers have successfully engineered bacteria-yeast hybrids to perform photosynthetic carbon assimilation, generate cellular energy and support yeast growth without traditional carbon feedstocks like glucose or glycerol. By engineering photosynthetic cyanobacteria to live symbiotically inside yeast cells, the bacteria-yeast hybrids can produce important hydrocarbons, paving new biotechnical pathways to non-petroleum-based energy, other synthetic biology applications and the experimental study of evolution.


						
"All cells that have a nucleus also house a variety of organelles -- such as mitochondria and chloroplasts -- which perform specific functions and contain their own DNA," said University of Illinois Urbana-Champaign chemistry professor Angad Mehta, who led the all-Illinois research team. "Researchers had long theorized that complex life forms got their start when one of these types of cells fused with another in a process called endosymbiosis."

In a previous study, Mehta's team showed that lab-generated cyanobacteria-yeast chimeras, or endosymbionts, can supply photosynthetically generated ATP to the yeast but don't provide sugars. In the new study, the team engineered cyanobacteria to break down sugars and secrete glucose, then combined them with yeast cells to create chimeras that can grow in the presence of CO2, using the sugar and energy produced by the bacteria.

The study findings are published in the journal Nature Communications.

Armed with the ability to engineer a non-photosynthetic organism into a photosynthetic, chimeric life form, the team focused their research on determining how these chimeras could be used to bioengineer new metabolic pathways capable of producing valuable products like limonene, a simple hydrocarbon compound found in citrus fruits, under photosynthetic conditions.

"Limonene is a relatively simple but important molecule with a large market," said Mehta, who is also affiliated with the Carl R. Woese Institute for Genomic Biology. "This proof-of-concept study shows us that we can engineer pathways in our hybrids to photosynthetically produce limonene, which belongs to a class of molecules called terpenoids, which are also precursors to many high-value compounds such as fuels, anticancer and antimalarial drugs."

Mehta said that their goals for this line of research are to determine if their method can produce more complex compounds, like fuels and pharmaceuticals, and if so, work on scaling up the process to be marketable.

"I think it would be incredible to get to the point where we could assure that every bit of carbon in a high-value compound comes from CO2," Mehta said. "This could be one way to recycle CO2 waste in the future."

The team also said that in their quest to understand and perfect endosymbiotic systems to advance biotechnology, they will also answer many fundamental evolutionary questions along the way. "This will happen whether we intend it or not," Mehta said. "We are always keeping an eye on how our work can answer some of the mysteries behind how life evolved. In my view, the best way to engineer endosymbiotic systems will be by recreating the evolution process in the lab. Finding answers to some of biology's biggest questions will come naturally."

Illinois researchers Yang-le Gao, Jason Cournoyer, Bidhan De, Catherine Wallace, Alexander Ulanov and Michael La Frano also participated in this study. The National Institutes of Health supported this research.
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Using machine learning to speed up simulations of irregularly shaped particles | ScienceDaily
Simulating particles is a relatively simple task when those particles are spherical. In the real world, however, most particles are not perfect spheres but take on irregular and varying shapes and sizes. Simulating these particles becomes a much more challenging and time-consuming task.


						
The ability to simulate particles is critical to understanding how they behave. For example, microplastics are a new form of pollution as plastic waste has increased drastically and uncontrollably decays in the environment by either mechanical means or UV degradation. These very tiny particles are now found nearly everywhere in the world. To be able to remedy this environmental crisis, it is important to understand more about these particles and how they behave.

In an effort to combat this challenge, researchers at the University of Illinois Urbana-Champaign have trained neural networks to predict interactions between irregularly shaped particles to accelerate molecular dynamics simulations. With this method, simulations can be done up to 23 times faster compared to traditional simulation methods and can be applied to any irregular shape with sufficient training data.

"Microplastics are now present everywhere in the environment and most of them are not spheres, they are very heterogeneous, and they have corners and edges. Tackling the problem of how they behave in the environment requires us to develop new methods, finding ways to simulate them faster, cheaper and more efficiently," says Antonia Statt, professor of materials science and engineering.

Spheres are easy to simulate because the only parameter needed to determine how two particles interact is the distance between the centers each sphere. Moving from a sphere to more complicated shapes -- like cubes or cylinders -- requires knowing not only how far away two particles are from one another, but also the angles and the relative positions of each particle. The traditional method of simulating cubes, for example, involves building the cube out of many little spheres.

"It's a very roundabout way of describing a cube, to tessellate it with small spheres," Statt explains. "It's also expensive because you have to calculate the interactions of all the little spheres with each other. To bypass that, we used machine learning -- a feed forward neural net -- which is a fancy way of saying, 'let's fit a complicated function that we don't know.' And neural nets are really good at that. If you provide them with enough data, they can fit anything you like."

Using this method, all the distances between the little spheres don't need to be calculated individually. Only the cube center-to-center distance and its relative orientation is needed, making it much easier and faster. Further, this method is as accurate as traditional methods. It cannot be more accurate since it is trained on data produced from traditional methods, but it can be more efficient.




In the future, Statt would like to be able to simulate more complicated irregular shapes as well as mixtures of different shapes, like a cube and a cylinder rather than two cubes. "We will have to learn all the individual interactions, but the method is general enough that we will be able to do that," she says.

This research, "Molecular dynamics simulations of anisotropic particles accelerated by neural-net predicted interactions," was recently published in The Journal of Chemical Physics and was selected for the 2024 JCP Emerging Investigators Special Collection. It also features on the cover of this issue of JCP.

Antonia Statt is also an affiliate of the Materials Research Laboratory, the department of chemical and biomolecular engineering and the Beckman Institute for Advanced Science and Technology at Illinois.

Other contributors to this work include B. Rusen Argun (department of mechanical engineering, Illinois) and Yu Fu (department of physics, Illinois).

This research was funded by the Molecule Maker Lab Institute (MMLI): An AI Research Institutes program supported by the National Science Foundation.
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Controlling molecular electronics with rigid, ladder-like molecules | ScienceDaily
As electronic devices continue to get smaller and smaller, physical size limitations are beginning to disrupt the trend of doubling transistor density on silicon-based microchips approximately every two years according to Moore's law. Molecular electronics -- the use of single molecules as the building blocks for electronic components -- offers a potential pathway for the continued miniaturization of small-scale electronic devices. Devices that utilize molecular electronics require precise control over the flow of electrical current. However, the dynamic nature of these single molecule components affects device performance and impacts reproducibility.


						
University of Illinois Urbana-Champaign researchers report a unique strategy for controlling molecular conductance by using molecules with rigid backbones -- such as ladder-type molecules, known as being shape-persistent. Further, they have demonstrated a straightforward "one-pot" method for synthesizing such molecules. The principles were then applied to the synthesis of a butterfly-like molecule, showing the strategy's generality for controlling molecular conductance.

This new research, led by Charles Schroeder, the James Economy Professor of Materials Science and Engineering and Professor of Chemical and Biomolecular Engineering, along with postdoc Xiaolin Liu and graduate student Hao Yang, was recently published in the journal Nature Chemistry.

"In the field of molecular electronics, you have to consider the flexibility and the motion of the molecules and how that affects the functional properties," Schroeder says. "And it turns out that plays a significant role in the electronic properties of molecules. To overcome this challenge and achieve a constant conductivity regardless of the conformation, our solution was to prepare molecules with rigid backbones."

One of the main challenges for molecular electronics is that many organic molecules are flexible and have multiple molecular conformations -- the arrangement of atoms due to bond rotation -- with each conformation potentially resulting in a different electrical conductance. Liu explains, "For a molecule with multiple conformations, the variation in conductance is very large, sometimes 1000 times different. We decided to use ladder-type molecules, which are shape persistent, and they showed a stable set of rigid conformations so that we can achieve stable and robust molecular junction conductance."

Ladder-type molecules are a class of molecules that contain an uninterrupted sequence of chemical rings with at least two shared atoms between rings, which "locks" the molecule into a certain conformation. Such a structure provides shape-persistence and constrains the rotational movement of the molecule, which also minimizes conductance variation.

Having consistent conductance is particularly important when the ultimate goal of molecular electronics is for use in a functional device. This means billions of components that need to have the same electronic properties. "The variation in conductance is one of the issues that has prevented the successful commercialization of molecular electronic devices. It is very difficult to fabricate the large number of identical components necessary and control the molecular conductance in single molecule junctions," Yang explains. "If we are able to precisely do this, that can help push the commercialization and make electronic devices very small."

To control the molecular conductance of shape-persistent molecules, the team used a unique one-pot ladderization synthesis strategy that produced chemically diverse, charged ladder molecules. Traditional synthesis methods use costly starting materials and are usually two component reactions, which limits the diversity of the products. Using the one-pot multicomponent strategy, also called modular synthesis, the starting materials are much simpler and commercially available. "We can use many different combinations of those starting materials and make a rich diversity of product molecules suitable for molecular electronics," Liu says.




Further, Liu and Yang applied the rules they learned from ladder-type molecules and demonstrated the broad applicability of shape persistence by designing, synthesizing and characterizing the electronic properties of a butterfly-like molecule. These molecules have two "wings" of chemical rings, and like ladder molecules, butterfly molecules feature a locked backbone structure and constrained rotation. This will pave the way for the design of other functional materials and ultimately, for more reliable and efficient devices.

Charles Schroeder is also an affiliate of the departments of chemistry and bioengineering, the Materials Research Laboratory and the Beckman Institute for Advanced Science and Technology at Illinois.

Xiaolin Liu is affiliated with the department of chemistry and the Beckman Institute for Advanced Science and Technology at Illinois.

Hao Yang is affiliated with the department of materials science and engineering and the Beckman Institute for Advanced Science and Technology at Illinois.

Other contributors to this work include Jeffrey S. Moore (departments of chemistry and materials science and engineering, the Beckman Institute for Advanced Science and Technology, Illinois), Joaquin Rodriguez-Lopez (department of chemistry, the Beckman Institute for Advanced Science and Technology, Illinois), Qian Chen (departments of chemistry and materials science and engineering, the Beckman Institute for Advanced Science and Technology, Illinois), Adolfo I. B. Romo (department of chemistry, the Beckman Institute for Advanced Science and Technology, Illinois), Oliver Lin (department of chemistry, Illinois), Toby J. Woods (department of chemistry, Illinois), Rajarshi Samajdar (department of chemical and biomolecular engineering, the Beckman Institute for Advanced Science and Technology, Illinois), Hassan Harb (Materials Science Division, Argonne National Laboratory) and Rajeev S. Assary (Materials Science Division, Argonne National Laboratory).

This research was funded by the U.S. Department of Energy Office of Science.
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First low frequency search for alien technology in distant galaxies | ScienceDaily
The SETI Institute, the Berkeley SETI Research Center and the International Centre for Radio Astronomy Research announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. Led by Dr. Chenoa Tremblay of the SETI Institute and Prof. Steven Tingay of Curtin University, this research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This innovative study used the MWA's large field of view (FOV), allowing the team to cover about 2,800 galaxies in one observation, of which 1300 we know the distance to.


						
Usually, the search for extraterrestrial intelligence (SETI) has focused on signals within our galaxy. This new approach goes further, looking at distant galaxies. This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours. To send a signal from another galaxy, a civilization would need technology powerful enough to use the energy of their sun or several stars in their galaxy.

"This work represents a significant step forward in our efforts to detect signals from advanced extraterrestrial civilizations," said Tremblay. "The large field of view and low-frequency range of the MWA makes it an ideal tool for this kind of re- search, and the limits we set will guide future studies."

While this first study did not find any technosignatures (signs of alien technology), it provides insights that will help focus future searches. It shows how important it is to keep exploring different radio frequencies and using the unique capabilities of telescopes like the MWA.

"The MWA continues to open up new ways of exploring the Universe for intelligent civilizations and technosig- natures, while using the same data to study the astrophysics of stars and galaxies. This work is new and novel, but also paves the way for future observations with even more powerful telescopes," said Tingay, who is also the Director of the MWA.

This research highlights the importance of working together internationally and using advanced technology to expand our understanding of the Universe. The SETI Institute explores the cosmos for signs of intelligent life and works to increase our knowledge of the universe.

For more information about SETI Institute projects, please visit: https://www.seti.org/
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Astrophysicists use AI to precisely calculate universe's 'settings' | ScienceDaily
The standard model of the universe relies on just six numbers. Using a new approach powered by artificial intelligence, researchers at the Flatiron Institute and their colleagues extracted information hidden in the distribution of galaxies to estimate the values of five of these so-called cosmological parameters with incredible precision.


						
The results were a significant improvement over the values produced by previous methods. Compared to conventional techniques using the same galaxy data, the approach yielded less than half the uncertainty for the parameter describing the clumpiness of the universe's matter. The AI-powered method also closely agreed with estimates of the cosmological parameters based on observations of other phenomena, such as the universe's oldest light.

The researchers present their method, the Simulation-Based Inference of Galaxies (or SimBIG), in a series of recent papers, including a new study published August 21 in Nature Astronomy.

Generating tighter constraints on the parameters while using the same data will be crucial to studying everything from the composition of dark matter to the nature of the dark energy driving the universe apart, says study co-author Shirley Ho, a group leader at the Flatiron Institute's Center for Computational Astrophysics (CCA) in New York City. That's especially true as new surveys of the cosmos come online over the next few years, she says.

"Each of these surveys costs hundreds of millions to billions of dollars," Ho says. "The main reason these surveys exist is because we want to understand these cosmological parameters better. So if you think about it in a very practical sense, these parameters are worth tens of millions of dollars each. You want the best analysis you can to extract as much knowledge out of these surveys as possible and push the boundaries of our understanding of the universe."

The six cosmological parameters describe the amount of ordinary matter, dark matter and dark energy in the universe and the conditions following the Big Bang, such as the opacity of the newborn universe as it cooled and whether mass in the cosmos is spread out or in big clumps. The parameters "are essentially the 'settings' of the universe that determine how it operates on the largest scales," says Liam Parker, co-author of the Nature Astronomy study and a research analyst at the CCA.

One of the most important ways cosmologists calculate the parameters is by studying the clustering of the universe's galaxies. Previously, these analyses only looked at the large-scale distribution of galaxies.




"We haven't been able to go down to small scales," says ChangHoon Hahn, an associate research scholar at Princeton University and lead author of the Nature Astronomy study. "For a couple of years now, we've known that there's additional information there; we just didn't have a good way of extracting it."

Hahn proposed a way to leverage AI to extract that small-scale information. His plan had two phases. First, he and his colleagues would train an AI model to determine the values of the cosmological parameters based on the appearance of simulated universes. Then they'd show their model actual galaxy distribution observations.

Hahn, Ho, Parker and their colleagues trained their model by showing it 2,000 box-shaped universes from the CCA-developed Quijote simulation suite, with each universe created using different values for the cosmological parameters. The researchers even made the 2,000 universes appear like data generated by galaxy surveys -- including flaws from the atmosphere and the telescopes themselves -- to give the model realistic practice. "That's a large number of simulations, but it's a manageable amount," Hahn says. "If you didn't have the machine learning, you'd need hundreds of thousands."

By ingesting the simulations, the model learned over time how the values of the cosmological parameters correlate with small-scale differences in the clustering of galaxies, such as the distance between individual pairs of galaxies. SimBIG also learned how to extract information from the bigger-picture arrangement of the universe's galaxies by looking at three or more galaxies at a time and analyzing the shapes created between them, like long, stretched triangles or squat equilateral triangles.

With the model trained, the researchers presented it with 109,636 real galaxies measured by the Baryon Oscillation Spectroscopic Survey. As they hoped, the model leveraged small-scale and large-scale details in the data to boost the precision of its cosmological parameter estimates. Those estimates were so precise that they were equivalent to a traditional analysis using around four times as many galaxies. That's important, Ho says, because the universe only has so many galaxies. By getting higher precision with less data, SimBIG can push the limits of what's possible.

One exciting application of that precision, Hahn says, will be the cosmological crisis known as the Hubble tension. The tension arises from mismatched estimates of the Hubble constant, which describes how quickly everything in the universe is spreading out.

Calculating the Hubble constant requires estimating the universe's size using 'cosmic rulers.' Estimates based on the distance to exploding stars called supernovae in distant galaxies are around 10 percent higher than those based on the spacing of fluctuations in the universe's oldest light.

New surveys coming online in the next few years will capture more of the universe's history. Pairing data from those surveys with SimBIG will better reveal the extent of the Hubble tension, and whether the mismatch can be resolved or if it necessitates a revised model of the universe, Hahn says. "If we measure the quantities very precisely and can firmly say that there is a tension, that could reveal new physics about dark energy and the expansion of the universe," he says.

Hahn, Ho and Parker worked on the Nature Astronomy SimBIG study alongside Michael Eickenberg of the Flatiron Institute's Center for Computational Mathematics (CCM), Pablo Lemos of the CCA, Chirag Modi of the CCA and the CCM, Bruno Regaldo-Saint Blancard of the CCM, Simons Foundation president David Spergel, Jiamin Hou of the University of Florida, Elena Massara of the University of Waterloo, and Azadeh Moradinezhad Dizgah of the University of Geneva.
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Early galaxies were not too big for their britches after all | ScienceDaily
When astronomers got their first glimpses of galaxies in the early universe from NASA's James Webb Space Telescope, they were expecting to find galactic pipsqueaks, but instead they found what appeared to be a bevy of Olympic bodybuilders. Some galaxies appeared to have grown so massive, so quickly, that simulations could not account for them. Some researchers suggested this meant that something might be wrong with the theory that explains what the universe is made of and how it has evolved since the big bang, known as the standard model of cosmology.


						
According to a new study in The Astrophysical Journal led by University of Texas at Austin graduate student Katherine Chworowsky, some of those early galaxies are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are.

"We are still seeing more galaxies than predicted, although none of them are so massive that they 'break' the universe," Chworowsky said.

The evidence was provided by Webb's Cosmic Evolution Early Release Science (CEERS) Survey, led by Steven Finkelstein, a professor of astronomy at UT and study co-author.

Black Holes Add to Brightness

According to this latest study, the galaxies that appeared overly massive probably host black holes rapidly consuming gas. Friction in the fast-moving gas emits heat and light, making these galaxies much brighter than they would be if that light emanated just from stars. This extra light can make it appear that the galaxies contain many more stars, and hence are more massive, than we would otherwise estimate. When scientists remove these galaxies, dubbed "little red dots" (based on their red color and small size), from the analysis, the remaining early galaxies are not too massive to fit within predictions of the standard model.

"So, the bottom line is there is no crisis in terms of the standard model of cosmology," Finkelstein said. "Any time you have a theory that has stood the test of time for so long, you have to have overwhelming evidence to really throw it out. And that's simply not the case."

Efficient Star Factories




Although they've settled the main problem, a less thorny one remains: There are still about twice as many massive galaxies in Webb's data of the early universe as expected from the standard model. One possible reason might be that stars formed more quickly in the early universe than they do today.

"Maybe in the early universe, galaxies were better at turning gas into stars," Chworowsky said.

Star formation happens when hot gas cools enough to succumb to gravity and condense into one or more stars. But as the gas contracts, it heats up, generating outward pressure. In our region of the universe, the balance of these opposing forces tends to make the star formation process very slow. But perhaps, according to some theories, because the early universe was denser than it is today, it was harder to blow gas out during star formation, allowing the process to go faster.

More Evidence of Black Holes

Concurrently, astronomers have been analyzing the spectra of "little red dots" discovered with Webb, with researchers in both the CEERS team and others finding evidence of fast-moving hydrogen gas, a signature of black hole accretion disks. This supports the idea that at least some of the light coming from these compact, red objects comes from gas swirling around black holes rather than stars -- reinforcing the conclusion of Chworowsky's team that the stars are probably not as massive as astronomers initially thought. However, further observations of these intriguing objects are incoming and should help solve the puzzle about how much light comes from stars versus gas around black holes.

Often in science, when you answer one question, that leads to new questions. Although the researchers have shown that the standard model of cosmology probably is not broken, their work points to the need for new ideas in star formation.




"And so, there is still that sense of intrigue," Chworowsky said. "Not everything is fully understood. That's what makes doing this kind of science fun, because it'd be a terribly boring field if one paper figured everything out, or there were no more questions to answer."

Other UT authors are Michael Boylan-Kolchin, Anthony Taylor and Micaela Bagley. They, Finkelstein (as its director) and Chworowsky are members of UT's Cosmic Frontier Center, which seeks to improve our understanding of the early universe.

Other institutions participating in this research are Colby College, University of Toronto, Texas A&M University, the National Science Foundation's National Optical-Infrared Astronomy Research Laboratory, NASA Goddard Space Flight Center, University of Connecticut, European Space Astronomy Centre, University of Massachusetts Amherst, University of California at Irvine, Centro de Astrobiologia (Spain), The Hebrew University of Jerusalem, Cosmic Dawn Center (Denmark), University of Copenhagen, Flatiron Institute, University of Louisville, Universidad de la Laguna, Universite Paris Cite, Swiss Federal Institute of Technology Lausanne, Rochester Institute of Technology, University of Padua (Italy), INAF -- Padua Astronomical Observatory (Italy), University of California at Riverside, University of Sussex, University of Malta, University of Groningen, SRON Netherlands Institute for Space Research and National Astronomical Observatory of Japan.

This research was supported by NASA, the Space Telescope Science Institute and the National Science Foundation.

The James Webb Space Telescope is an international program led by NASA with its partners the European Space Agency and the Canadian Space Agency.
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Bicycle rolling-stop laws don't lead to unsafe behavior by riders or motorists, research shows | ScienceDaily
Laws that let bicyclists treat stop signs as yield signs lead neither riders nor motorists to act unsafely, according to a groundbreaking Oregon State University study.


						
The project by OSU College of Engineering researchers featured a novel experimental technique -- linking separate bicycle and motor vehicle simulators -- and the findings are important as more and more states consider bicycle rolling-stop legislation, said David Hurwitz, the study's leader.

"It required fully connecting two independent simulators, running subjects in pairs simultaneously and having each subject interacting with an avatar of the other in a shared virtual world," said Hurwitz, a transportation engineering professor. "We evaluated safety-relevant behaviors associated with laws stemming from the 'Idaho stop,' which was put on the books in 1982 but largely ignored around the country until not long ago."

Starting in 2017, seven states have followed Idaho's lead and enacted bicycle rolling-stop laws, including Oregon in 2019 and Washington in 2020. The others are Arkansas, Delaware, North Dakota, Oklahoma and Utah, and several additional states have considered legislation.

The laws vary in their specifics, but the basic idea is that cyclists are allowed to treat static stop signs as yield signs. The primary reason supporters like the laws is that they allow riders to keep their momentum, theoretically reducing intersection congestion and crash risk because the cyclists are getting through the intersection faster.

Nearly half of all bicycle-car crashes happen at intersections, Hurwitz said. In 2022, the latest year for which numbers are available, 1,105 bicyclists in the United States were killed in collisions with motor vehicles, according to the National Highway Traffic Safety Administration -- a 13% increase from the 976 killed in 2021.

"The focus of previous research has been crash-data analysis and why riders are motivated to do a rolling stop even when it's illegal in their state," he said. "No one has looked at how well bicycle rolling-stop laws work, or what happens when you educate people about them. Our networked simulator study design let us evaluate driver and rider behavior and their understanding of the law."

The study, which included Gonzaga University's Rhonda Young, an OSU graduate, and the University of Idaho's Kevin Chang, involved 60 people observed in pairs as they went through 16 "live-interaction" scenarios related to a bicyclist and motorist coming together at a four-way, stop-controlled intersection.




Previous research has indicated that drivers tend to be more aggressive toward cyclists when they think riders are breaking the law, Hurwitz said. In this study, time-space diagrams showed that after receiving education about the rolling-stop law, bicyclists preferred to yield rather than stop and went through intersections faster. Driving participants, meanwhile, approached intersections either more slowly or at a similar speed after being educated about the law.

"The findings suggest more outreach in regard to rolling-stop laws would be useful, and this research gives decision-makers information to support prospective legislative policies, set up educational programs and design robust enforcement practices," Hurwitz said.

That's particularly important in places like the Pacific Northwest, he added, noting Oregon and Washington have two of the largest percentages of bicycle commuters in the country. About 2% of Oregon workers get to their job via bicycle, and just under 1% of Washington workers.

The League of American Bicyclists' 2017 Report on American Community Survey shows Portland with the second-largest number of bicycle commuters in the United States, ranking behind only New York City. There are about 22,000 bicycle commuters in Portland, and about 17,000 in Seattle.
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New record in search for dark matter | ScienceDaily
Figuring out the nature of dark matter, the invisible substance that makes up most of the mass in our universe, is one of the greatest puzzles in physics. New results from the world's most sensitive dark matter detector, LUX-ZEPLIN (LZ), have narrowed down possibilities for one of the leading dark matter candidates: weakly interacting massive particles, or WIMPs.


						
LZ, led by the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab), hunts for dark matter from a cavern nearly one mile underground at the Sanford Underground Research Facility in South Dakota. The experiment's new results explore weaker dark matter interactions than ever searched before and further limit what WIMPs could be.

"These are new world-leading constraints by a sizable margin on dark matter and WIMPs," said Chamkaur Ghag, spokesperson for LZ and a professor at University College London (UCL). He noted that the detector and analysis techniques are performing even better than the collaboration expected. "If WIMPs had been within the region we searched, we'd have been able to robustly say something about them. We know we have the sensitivity and tools to see whether they're there as we search lower energies and accrue the bulk of this experiment's lifetime."

The collaboration found no evidence of WIMPs above a mass of 9 gigaelectronvolts/c2 (GeV/c2). (For comparison, the mass of a proton is slightly less than 1 GeV/c2.) The experiment's sensitivity to faint interactions helps researchers reject potential WIMP dark matter models that don't fit the data, leaving significantly fewer places for WIMPs to hide. The new results were presented at two physics conferences on August 26: TeV Particle Astrophysics 2024 in Chicago, Illinois, and LIDINE 2024 in Sao Paulo, Brazil. A scientific paper will be published in the coming weeks.

The results analyze 280 days' worth of data: a new set of 220 days (collected between March 2023 and April 2024) combined with 60 earlier days from LZ's first run. The experiment plans to collect 1,000 days' worth of data before it ends in 2028.

"If you think of the search for dark matter like looking for buried treasure, we've dug almost five times deeper than anyone else has in the past," said Scott Kravitz, LZ's deputy physics coordinator and a professor at the University of Texas at Austin. "That's something you don't do with a million shovels -- you do it by inventing a new tool."

LZ's sensitivity comes from the myriad ways the detector can reduce backgrounds, the false signals that can impersonate or hide a dark matter interaction. Deep underground, the detector is shielded from cosmic rays coming from space. To reduce natural radiation from everyday objects, LZ was built from thousands of ultraclean, low-radiation parts. The detector is built like an onion, with each layer either blocking outside radiation or tracking particle interactions to rule out dark matter mimics. And sophisticated new analysis techniques help rule out background interactions, particularly those from the most common culprit: radon.




This result is also the first time that LZ has applied "salting" -- a technique that adds fake WIMP signals during data collection. By camouflaging the real data until "unsalting" at the very end, researchers can avoid unconscious bias and keep from overly interpreting or changing their analysis.

"We're pushing the boundary into a regime where people have not looked for dark matter before," said Scott Haselschwardt, the LZ physics coordinator and a recent Chamberlain Fellow at Berkeley Lab who is now an assistant professor at the University of Michigan. "There's a human tendency to want to see patterns in data, so it's really important when you enter this new regime that no bias wanders in. If you make a discovery, you want to get it right."

Dark matter, so named because it does not emit, reflect, or absorb light, is estimated to make up 85% of the mass in the universe but has never been directly detected, though it has left its fingerprints on multiple astronomical observations. We wouldn't exist without this mysterious yet fundamental piece of the universe; dark matter's mass contributes to the gravitational attraction that helps galaxies form and stay together.

LZ uses 10 tonnes of liquid xenon to provide a dense, transparent material for dark matter particles to potentially bump into. The hope is for a WIMP to knock into a xenon nucleus, causing it to move, much like a hit from a cue ball in a game of pool. By collecting the light and electrons emitted during interactions, LZ captures potential WIMP signals alongside other data.

"We've demonstrated how strong we are as a WIMP search machine, and we're going to keep running and getting even better -- but there's lots of other things we can do with this detector," said Amy Cottle, lead on the WIMP search effort and an assistant professor at UCL. "The next stage is using these data to look at other interesting and rare physics processes, like rare decays of xenon atoms, neutrinoless double beta decay, boron-8 neutrinos from the sun, and other beyond-the-Standard-Model physics. And this is in addition to probing some of the most interesting and previously inaccessible dark matter models from the last 20 years."

LZ is a collaboration of roughly 250 scientists from 38 institutions in the United States, United Kingdom, Portugal, Switzerland, South Korea, and Australia; much of the work building, operating, and analyzing the record-setting experiment is done by early career researchers. The collaboration is already looking forward to analyzing the next data set and using new analysis tricks to look for even lower-mass dark matter. Scientists are also thinking through potential upgrades to further improve LZ, and planning for a next-generation dark matter detector called XLZD.

"Our ability to search for dark matter is improving at a rate faster than Moore's Law," Kravitz said. "If you look at an exponential curve, everything before now is nothing. Just wait until you see what comes next."

LZ is supported by the U.S. Department of Energy, Office of Science, Office of High Energy Physics and the National Energy Research Scientific Computing Center, a DOE Office of Science user facility. LZ is also supported by the Science & Technology Facilities Council of the United Kingdom; the Portuguese Foundation for Science and Technology; the Swiss National Science Foundation, and the Institute for Basic Science, Korea. Over 38 institutions of higher education and advanced research provided support to LZ. The LZ collaboration acknowledges the assistance of the Sanford Underground Research Facility.
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CRISPR-based genome editing in Nile grass rats | ScienceDaily
A team of researchers at Michigan State University has discovered a set of methods that enabled the first successful CRISPR-based genome editing in Nile grass rats.


						
The study, published in BMC Biology, is the first to successfully edit genomes in Nile grass rats. As diurnal rodents, Nile grass rats have similar sleep/awake patterns to humans which could be advantageous in preclinical or translational research.

Currently, preclinical research relies heavily on laboratory mice, which are nocturnal rodents who are active at night and sleep during the day. With these different sleep patterns, diurnal and nocturnal mammals have evolved differently, including having a distinct wiring of neural circuits and gene-regulatory networks.

"The differences between diurnal and nocturnal mammals present a significant translational flaw when applying the research findings obtained from mice to humans. Numerous therapeutic agents such as neuroprotectants proven effective in mouse or rat models of cerebral ischemia have failed in human clinical stroke trials, with mounting evidence suggesting the nocturnal and diurnal differences causing such failures," said Lily Yan, co-author of the study and professor in MSU's Department of Psychology.

Katrina Linning-Duffy and Jiaming Shi, also co-authors on the research, work in Yan's Lab.

Because the differences between diurnal and nocturnal animals are complex, the researchers believe a diurnal model is essential to untangle the relationship between genes and behaviors that are relevant to human health and disease.

The method developed includes a superovulation protocol that can yield nearly 30 eggs per female. They also developed protocols for in vitro -- outside of the body -- embryo culture and manipulation and in vivo -- in the living body -- gene targeting using GONAD, or Genome editing via Oviductal Nucleic Acids Delivery, methods.




The Nile grass rat colony is a unique resource available at MSU. Thanks to the joint efforts of the departments of Psychology and Integrative Biology and the Transgenic and Genome Editing Facility, a Nile grass rat colony was established on campus in 1993.

Research projects at MSU involving Nile grass rats have been continuously funded for more than 30 years. Animals from the MSU grass rat colony have been shared with over 20 research labs in the U.S., Canada, Belgium, China and Japan that study topics including circadian rhythms and sleep, mood and cognition, immune function, metabolic syndromes and evolutionary biology.

Huirong Xie is the program director of MSU's Transgenic and Genome Editing Facility.

"We hope that Nile grass rats will eventually become an alternative mammalian model to investigate genes' roles in any biological processes, particularly in which chronotype (diurnal vs. nocturnal) is a critical biological variable," Yan said. "This study will be an essential first step towards the far-reaching goal."

Co-authors on the research are Huirong Xie, program director of MSU Transgenic and Genome Editing Facility; Katrina Linning-Duffy and Jiaming Shi, who work in Yan's Lab.
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Unconventional interface superconductor could benefit quantum computing | ScienceDaily
A multi-institutional team of scientists in the United States, led by physicist Peng Wei at the University of California, Riverside, has developed a new superconductor material that could potentially be used in quantum computing and be a candidate "topological superconductor."


						
Topology is the mathematics of shape. A topological superconductor uses a delocalized state of an electron or hole (a hole behaves like an electron with positive charge) to carry quantum information and process data in a robust manner.

The researchers report today in Science Advances that they combined trigonal tellurium with a surface state superconductor generated at the surface of a thin film of gold. Trigonal tellurium is a chiral material, which means it cannot be superimposed on its mirror image, like our left and right hands. Trigonal tellurium is also non-magnetic. Nonetheless, the researchers observed quantum states at the interface that host well-defined spin polarization. The spin polarization allows the excitations to be potentially used for creating a spin quantum bit -- or qubit.

"By creating a very clean interface between the chiral material and gold, we developed a two-dimensional interface superconductor," said Wei, an associate professor of physics and astronomy. "The interface superconductor is unique as it lives in an environment where the energy of the spin is six times more enhanced than those in conventional superconductors."

The researchers observed that the interface superconductor undergoes a transition under a magnetic field and becomes more robust at high field compared with low field, which suggests a transition into a "triplet superconductor," which is more stable under a magnetic field.

Furthermore, through collaboration with scientists at the National Institute of Standards and Technology, the researchers showed that such a superconductor involving heterostructure gold and niobium thin films naturally suppresses decoherence sources from material defects such as niobium oxides that are a common challenge for niobium superconductors. They showed that the superconductor can be made into high-quality low-loss microwave resonators with a quality factor reaching 1 million.

The new technology has applications in quantum computing, a field that takes advantage of quantum mechanics to solve complex problems that classical computers or supercomputers can't solve or can't solve quickly enough, according to the multinational technology company IBM.




"We achieved this using materials that are one order of magnitude thinner than those typically used in the quantum computing industry," Wei said. "The low-loss microwave resonators are critical components of quantum computing and could lead to low-loss superconducting qubits. The biggest challenge in quantum computing is to reduce decoherence or quantum information loss in a qubit system."

Decoherence occurs when a quantum system interacts with its environment, leading to the system's information getting mixed up with the environment. Decoherence poses a challenge for realizing quantum computers.

Unlike previous methods that require magnetic materials, the researchers' new approach uses non-magnetic materials for a cleaner interface.

"Our material could be a promising candidate for developing more scalable and reliable quantum computing components," Wei said.

Wei was joined in the research by his graduate students at UCR.

The title of the paper is "Signatures of a Spin-Active Interface and Locally Enhanced Zeeman Field in a Superconductor-Chiral Material Heterostructure."

The UCR contribution to the research project was funded by Wei's NSF CAREER award, a NSF Convergence Accelerator Track-C grant shared by UCR and MIT, and a Lincoln Lab Line fund shared by UCR and MIT.

The technology has been disclosed to the UCR Office of Technology Partnerships and a provisional patent has been filed.

The University of California, Riverside is a doctoral research university, a living laboratory for groundbreaking exploration of issues critical to Inland Southern California, the state and communities around the world. Reflecting California's diverse culture, UCR's enrollment is more than 26,000 students. The campus opened a medical school in 2013 and has reached the heart of the Coachella Valley by way of the UCR Palm Desert Center. The campus has an annual impact of more than $2.7 billion on the U.S. economy. To learn more, visit www.ucr.edu.
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NASA's DART impact permanently changed the shape and orbit of asteroid moon | ScienceDaily
When NASA's Double Asteroid Redirection Test (DART) spacecraft collided with an asteroid moon called Dimorphos in 2022, the moon was significantly deformed -- creating a large crater and reshaping it so dramatically that the moon derailed from its original evolutionary progression -- according to a new study. The study's researchers believe that Dimorphos may start to "tumble" chaotically in its attempts to move back into gravitational equilibrium with its parent asteroid named Didymos.


						
"For the most part, our original pre-impact predictions about how DART would change the way Didymos and its moon move in space were correct," said Derek Richardson, a professor of astronomy at the University of Maryland and a DART investigation working group lead. "But there are some unexpected findings that help provide a better picture of how asteroids and other small bodies form and evolve over time."

The paper published in Planetary Science Journal on August 23, 2024 by a team led by Richardson detailed notable post-impact observations and described possible implications for future asteroid research.

One of the biggest surprises was how much the impact with DART changed the shape of Dimorphos. According to Richardson, the asteroid moon was originally oblate (shaped like a hamburger) but became more prolate (stretched out like a football) after the DART spacecraft collided with it.

"We were expecting Dimorphos to be prolate pre-impact simply because that's generally how we believed the central body of a moon would gradually accumulate material that's been shed off a primary body like Didymos. It would naturally tend to form an elongated body that would always point its long axis toward the main body," Richardson explained. "But this result contradicts that idea and indicates that something more complex is at work here. Furthermore, the impact-induced change in Dimorphos' shape likely changed how it interacts with Didymos."

Richardson noted that although DART only hit the moon, the moon and the main body are connected through gravity. The debris scattered by the spacecraft on impact also played a role in the disturbed equilibrium between the moon and its asteroid, shortening Dimorphos' orbit around Didymos. Interestingly, Didymos' shape remained the same -- a finding that indicates that the larger asteroid's body is firm and rigid enough to maintain its form even after losing mass to create its moon.

According to Richardson, Dimorphos' changes have important implications for future exploration efforts, including the European Space Agency's follow-up mission to the Didymos system slated for October 2024.




"Originally, Dimorphos was probably in a very relaxed state and had one side pointing toward the main body, Didymos, just like how Earth's moon always has one face pointing toward our planet," Richardson explained. "Now, it's knocked out of alignment, which means it may wobble back and forth in its orientation. Dimorphos might also be 'tumbling,' meaning that we may have caused it to rotate chaotically and unpredictably."

The team is now waiting to find out when the ejected debris will clear from the system, whether Dimorphos is still tumbling in space and when it will eventually regain its previous stability.

"One of our biggest questions now is if Dimorphos is stable enough for spacecraft to land and install more research equipment on it," he said. "It could take a hundred years to see noticeable changes in the system, but it's only been a few years since the impact. Learning about how long it takes Dimorphos to regain its stability tells us important things about its internal structure, which in turn informs future attempts to deflect hazardous asteroids."

Richardson and his team hope that Hera will provide more information about DART's impact. By late 2026, Hera will arrive at the binary asteroid system containing Dimorphos and Didymos to assess the internal properties of both asteroids for the first time, providing a more detailed analysis of the DART mission and its implications for the future.

"DART gave us insight into complicated gravitational physics that you can't do in a lab, and all of this research helps us calibrate our efforts to defend Earth in the event of an actual threat," Richardson said. "There's a nonzero chance that an asteroid or comet will approach and endanger the planet. Now, we have an additional line of defense against these kinds of external threats."
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Scientists propose guidelines for solar geoengineering research | ScienceDaily
Scientists for several years have studied the theoretical effectiveness of injecting sulfur dioxide into the stratosphere to reflect heat from the Sun and offset Earth's warming temperatures. But they also want to ensure that the solar geoengineering approaches being studied are evaluated for their technical feasibility, as well as their cooling potential and possible ecological and societal side effects.


						
To guide future work, an international team of scientists led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) has published a paper with specific recommendations for evaluating proposals to inject sulfur dioxide, which is known as stratospheric aerosol intervention (SAI). The paper also suggests criteria for discontinuing those scenarios that are not feasible because of scientific, technical, or societal issues.

"The goal is to work toward an assessment that can be used to identify the most feasible and legitimate scenarios, based on both how much they reduce natural and societal risks as well as any unwanted side effects," said NSF NCAR scientist Simone Tilmes, the lead author. "If society were to ever consider implementing SAI, it is imperative that we provide the best possible scientific understanding to policy makers and the public."

The paper, based on work funded by NSF and NOAA, was published in Oxford Open Climate Change.

Mimicking volcanic eruptions

Once injected into the stratosphere, sulfur dioxide would form sunlight-reflecting sulfate aerosols. Previous studies, drawing on computer modeling and observations of large volcanic eruptions, have shown these aerosols would have a cooling effect similar to that of a major volcanic eruption.

The injections could continue to cool Earth for decades or even centuries, buying time until heat-trapping greenhouse gases in the atmosphere return to lower levels.




The previous research, however, has also emphasized the potential risks of SAI, such as changing the stratospheric ozone layer and altering global precipitation patterns.

Since such injections cannot perfectly offset the impacts of greenhouse gas emissions, Tilmes and her co-authors write that informed policy decisions require a comprehensive understanding of the benefits and risks of SAI. They emphasize the need for a research and governance structure, with fair representation from both the Global South and North, to oversee SAI research and technology developments.

"Research on various solar geoengineering methods has been going on for a few decades now, but there hasn't been a formal assessment collating all the information in one place suitable for policy makers and the public," said NOAA scientist Karen Rosenlof, a co-author of the new paper. "It's time for such an assessment to occur, covering the criteria described in this paper, and repeated on a regular basis."

The paper proposes eight research criteria for assessing SAI developments. The criteria are:
    	Technical and economic limitations
    	Cooling potential
    	Ability to meet climate objectives
    	Infrastructure for monitoring, detection, and attribution
    	Large-scale and regional climate response
    	Impacts on human and natural systems
    	Societal risks
    	Mitigation of risks through governance

The paper recommends issuing assessment reports about SAI developments every few years with globally representative participation. The criteria can also be applicable to other solar radiation modification proposals, such as the brightening of marine clouds.

"The goal of these criteria is to promote optimal approaches from a climate perspective while carefully weighing the benefits and risks and making sure to include the perspectives of underrepresented groups and the Global South," Tilmes said.
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Langbeinites show talents as 3D quantum spin liquids | ScienceDaily
A 3D quantum spin liquid has been discovered in the vicinity of a member of the langbeinite family. The material's specific crystalline structure and the resulting magnetic interactions induce an unusual behaviour that can be traced back to an island of liquidity. An international team has made this discovery with experiments at the ISIS neutron source and theoretical modelling on a nickel-langbeinite sample.


						
When spins in a crystal lattice cannot align to reach a minimum energy together, this is called magnetic frustration. If this frustration becomes large enough, the spins continue to fluctuate in a disordered way, even as the temperature approaches zero and the material behaves as a quantum spin liquid. Quantum spin liquids (QSLs) have remarkable properties, including topologically protected phenomena, potentially useful, for example, for future, particularly stable qubits. Initially, quantum spin liquids were mainly studied in two-dimensional structures, but the phenomenon can also occur in 3D structures, although much less frequently.

The search for frustration

An international collaboration has now demonstrated this behaviour in a new class of materials with a 3D structure: Langbeinites are sulphate minerals, rarely found in nature; replacing one or two elements in the sum formula produces variations that all belong to this class of materials.

Artificial langbeinite crystals with the molecular formula K2Ni2(SO4)3 were created for the study. The magnetic element nickel plays a key role here: the nickel ions form two so-called trillium lattices that are entangled with each other. This creates the desired magnetic frustration, which is further enhanced when an external magnetic field is applied: The magnetic moments of the nickel ions cannot all align in an energetically favourable way, but fluctuate and form a quantum spin liquid.

Neutron data and theory: a nearly perfect fit

The team led by Ivica Zivkovic at the EPFL was able to measure the magnetic fluctuations at the British neutron source ISIS in Oxford. The samples behave like a quantum spin liquid, not only at extremely low temperatures, but even at "lukewarm" 2 Kelvin.

The team led by HZB theorist Johannes Reuther was able to explain the measured data using several theoretical methods. "Our theoretical phase diagram even identifies an "island of liquidity" at the centre of a strongly frustrated tetratrillium lattice," says Matias Gonzalez, first author of the study and postdoctoral researcher in Reuther's team, who carried out the Monte Carlo simulations. PhD student Vincent Noculak calculated the interactions between the spins using a method based on Feynman diagrams that Reuther developed several years ago (pseudo-fermion function renormalisation group, PFFRG). The agreement between the measured data and the theoretical results is surprisingly good. "Despite its extremely complex interactions, we can reproduce this system very well," says Reuther.

QSL-candidates in the Langbeinites

Langbeinites are a large and largely unexplored class of materials. The study shows that the search for quantum behaviour can be worthwhile here. The team led by HZB physicist Bella Lake has already synthesised new representatives of this class of materials, which could also be regarded as 3D quantum spin liquids. "This is still purely fundamental science," emphasises Johannes Reuther, "but with the growing interest in new types of quantum materials, the Langbeinite materials could become interesting for applications in quantum information."
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Kagome superconductor makes waves | ScienceDaily
For about fifteen years, Kagome materials with their star-shaped structure reminiscent of a Japanese basketry pattern have captivated global research. Only staring from 2018 scientists have been able to synthesize metallic compounds featuring this structure in the lab. Thanks to their unique crystal geometry, Kagome metals combine distinctive electronic, magnetic, and superconducting properties, making them promising for future quantum technologies. Professor Ronny Thomale of the Wurzburg-Dresden Cluster of Excellence ct.qmat -- Complexity and Topology in Quantum Matter, and Chair of Theoretical Physics at the University of Wurzburg (JMU) provided key insights in this class of materials with his early theoretical predictions. Recent findings published in Nature suggest these materials could lead to novel electronic components, such as superconducting diodes.


						
Kagome Superconductor Shakes Up Science

In a preprint online published on February 16, 2023, Professor Thomale's team proposed that a unique type of superconductivity could manifest in Kagome metals, with Cooper pairs distributing in a wave-like fashion within the sublattices. Each "star point" contains a different number of Cooper pairs. Thomale's theory has now been directly substantiated for the first time in an international experiment, causing a worldwide sensation. This overturns the earlier assumption that Kagome metals could only host uniformly distributed Cooper pairs (or waveforms). Cooper pairs -- named after physicist Leon Cooper -- are formed at very low temperatures by pairs of electrons, and are essential for superconductivity. Acting collectively, they can create a quantum state, and can also move through a Kagome superconductor without resistance.

"Initially, our research on Kagome metals like potassium vanadium antimony (KV3Sb5) focused on the quantum effects of individual electrons, which, although not superconducting, can exhibit wave-like behavior in the material," explains Thomale. "After experimentally confirming our initial theory on electron behavior with the detection of charge density waves two years ago, we tried to find additional quantum phenomena at ultralow temperatures. This led to the discovery of the Kagome superconductor. However, global physics research in Kagome materials is still in its infancy," Thomale notes.

Transmitting Wave Motion 

"Quantum physics is familiar with the pair-density wave phenomenon -- a special form of a superconducting condensate. As we all know from cooking, when steam cools, it condenses and becomes liquid. Something similar happens in Kagome metals. At ultra-low temperatures around -193 degrees Celsius, the electrons reorganize and distribute in waves in the material. This has been known since the discovery of charge density waves," explains doctoral student Hendrik Hohmann, a key contributor to the theoretical work alongside his colleague Matteo Durrnagel. "When the temperature drops to -272 degrees (almost absolute zero), electrons join together in pairs. These Cooper pairs condense into a quantum fluid that also spreads in waves through the material, enabling resistance-free superconductivity. This wave-like distribution is therefore transmitted from electrons to Cooper pairs."

Previous research on Kagome metals has demonstrated both superconductivity and the spatial distribution of Cooper pairs. The surprising new finding is that these pairs can be distributed not just evenly, but also in a wave-like pattern within the atomic sublattices, a phenomenon termed "sublattice-modulated superconductivity." Durrnagel adds: "The presence of pair density waves in KV3Sb5 is ultimately due to wave-like electron distribution at temperatures 80 degrees above superconductivity. This combination of quantum effects harbors significant potential."

The ct.qmat researchers are now searching for Kagome metals where Cooper pairs exhibit spatial modulation without charge density waves arising prior to superconductivity. Promising candidates are already under study.




Nobel Prize-Winning Josephson Effect Enables Breakthrough

The experiment, pioneering in its direct detection of Cooper pairs distributed in wave-like patterns within a Kagome metal, was developed by Jia-Xin Yin at the Southern University of Science and Technology in Shenzhen, China. It utilized a scanning tunneling microscope equipped with a superconducting tip capable of directly observing Cooper pairs. The design of this tip, ending in a single atom, is based on the Nobel Prize-winning Josephson effect. A superconducting current passes between the microscope tip and the sample, enabling the direct measurement of the Cooper pairs' distribution.

"The current findings are another milestone towards energy-efficient quantum devices. While these effects are currently observable only at the atomic level, once Kagome superconductivity is achievable on a macroscopic scale, novel superconducting components will become feasible. And this is what drives our basic research," states Professor Thomale.

Outlook

While the world's longest superconducting cable has been installed in Munich, intensive research is still being carried out on superconducting electronic components. The first superconducting diodes have already been developed in the laboratory, but they rely on a combination of different superconducting materials. By contrast, the unique Kagome superconductors, with their inherent spatial modulation of Cooper pairs, act as diodes themselves, offering exciting possibilities for superconducting electronics and loss-free circuits.
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Artificial intelligence improves lung cancer diagnosis | ScienceDaily
A team of researchers from the University of Cologne's Faculty of Medicine and University Hospital Cologne, led by Dr Yuri Tolkach and Professor Dr Reinhard Buttner, has created a digital pathology platform based on artificial intelligence. The platform uses new algorithms developed by the team and enables fully automated analysis of tissue sections from lung cancer patients. The platform makes it possible to analyse digitized tissue samples on the computer for lung tumours more quickly and accurately than before. The study 'Next generation lung cancer pathology: development and validation of diagnostic and prognostic algorithms' has been published in the journal Cell Reports Medicine.


						
Lung cancer is one of the most common tumours/cancers in humans and has a very high mortality rate. Today, the choice of treatment for patients with lung cancer is determined by pathological examination. Pathologists can also identify molecularly specific genetic changes that allow for personalized therapy. Over the past few years, pathology has undergone a digital transformation. As a result, microscopes are no longer needed. Typical tissue sections are digitized and then analysed on a computer screen. Digitalization is crucial for the application of advanced analytical methods based on artificial intelligence. By using artificial intelligence, additional information about the cancer can be extracted from pathological tissue sections -- something that would not be possible without AI technology.

"We also show how the platform could be used to develop new clinical tools. The new tools can not only improve the quality of diagnosis, but also provide new types of information about the patient's disease, such as how the patient is responding to treatment," explained physician Dr Yuri Tolkach from the Institute of General Pathology and Pathological Anatomy at University Hospital Cologne, who led the study.

In order to prove the broad applicability of the platform, the research team will conduct a validation study together with five pathological institutes in Germany, Austria and Japan.
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Toward a code-breaking quantum computer | ScienceDaily
The most recent email you sent was likely encrypted using a tried-and-true method that relies on the idea that even the fastest computer would be unable to efficiently break a gigantic number into factors.


						
Quantum computers, on the other hand, promise to rapidly crack complex cryptographic systems that a classical computer might never be able to unravel. This promise is based on a quantum factoring algorithm proposed in 1994 by Peter Shor, who is now a professor at MIT.

But while researchers have taken great strides in the last 30 years, scientists have yet to build a quantum computer powerful enough to run Shor's algorithm.

As some researchers work to build larger quantum computers, others have been trying to improve Shor's algorithm so it could run on a smaller quantum circuit. About a year ago, New York University computer scientist Oded Regev proposed a major theoretical improvement. His algorithm could run faster, but the circuit would require more memory.

Building off those results, MIT researchers have proposed a best-of-both-worlds approach that combines the speed of Regev's algorithm with the memory-efficiency of Shor's. This new algorithm is as fast as Regev's, requires fewer quantum building blocks known as qubits, and has a higher tolerance to quantum noise, which could make it more feasible to implement in practice.

In the long run, this new algorithm could inform the development of novel encryption methods that can withstand the code-breaking power of quantum computers.

"If large-scale quantum computers ever get built, then factoring is toast and we have to find something else to use for cryptography. But how real is this threat? Can we make quantum factoring practical? Our work could potentially bring us one step closer to a practical implementation," says Vinod Vaikuntanathan, the Ford Foundation Professor of Engineering, a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL), and senior author of a paper describing the algorithm.




The paper's lead author is Seyoon Ragavan, a graduate student in the MIT Department of Electrical Engineering and Computer Science. The research will be presented at the 2024 International Cryptology Conference.

Cracking cryptography

To securely transmit messages over the internet, service providers like email clients and messaging apps typically rely on RSA, an encryption scheme invented by MIT researchers Ron Rivest, Adi Shamir, and Leonard Adleman in the 1970s (hence the name "RSA"). The system is based on the idea that factoring a 2,048-bit integer (a number with 617 digits) is too hard for a computer to do in a reasonable amount of time.

That idea was flipped on its head in 1994 when Shor, then working at Bell Labs, introduced an algorithm which proved that a quantum computer could factor quickly enough to break RSA cryptography.

"That was a turning point. But in 1994, nobody knew how to build a large enough quantum computer. And we're still pretty far from there. Some people wonder if they will ever be built," says Vaikuntanathan.

It is estimated that a quantum computer would need about 20 million qubits to run Shor's algorithm. Right now, the largest quantum computers have around 1,100 qubits.




A quantum computer performs computations using quantum circuits, just like a classical computer uses classical circuits. Each quantum circuit is composed of a series of operations known as quantum gates. These quantum gates utilize qubits, which are the smallest building blocks of a quantum computer, to perform calculations.

But quantum gates introduce noise, so having fewer gates would improve a machine's performance. Researchers have been striving to enhance Shor's algorithm so it could be run on a smaller circuit with fewer quantum gates.

That is precisely what Regev did with the circuit he proposed a year ago.

"That was big news because it was the first real improvement to Shor's circuit from 1994," Vaikuntanathan says.

The quantum circuit Shor proposed has a size proportional to the square of the number being factored. That means if one were to factor a 2,048-bit integer, the circuit would need millions of gates.

Regev's circuit requires significantly fewer quantum gates, but it needs many more qubits to provide enough memory. This presents a new problem.

"In a sense, some types of qubits are like apples or oranges. If you keep them around, they decay over time. You want to minimize the number of qubits you need to keep around," explains Vaikuntanathan.

He heard Regev speak about his results at a workshop last August. At the end of his talk, Regev posed a question: Could someone improve his circuit so it needs fewer qubits? Vaikuntanathan and Ragavan took up that question.

Quantum ping-pong

To factor a very large number, a quantum circuit would need to run many times, performing operations that involve computing powers, like 2 to the power of 100.

But computing such large powers is costly and difficult to perform on a quantum computer, since quantum computers can only perform reversible operations. Squaring a number is not a reversible operation, so each time a number is squared, more quantum memory must be added to compute the next square.

The MIT researchers found a clever way to compute exponents using a series of Fibonacci numbers that requires simple multiplication, which is reversible, rather than squaring. Their method needs just two quantum memory units to compute any exponent.

"It is kind of like a ping-pong game, where we start with a number and then bounce back and forth, multiplying between two quantum memory registers," Vaikuntanathan adds.

They also tackled the challenge of error correction. The circuits proposed by Shor and Regev require every quantum operation to be correct for their algorithm to work, Vaikuntanathan says. But error-free quantum gates would be infeasible on a real machine.

They overcame this problem using a technique to filter out corrupt results and only process the right ones.

The end-result is a circuit that is significantly more memory-efficient. Plus, their error correction technique would make the algorithm more practical to deploy.

"The authors resolve the two most important bottlenecks in the earlier quantum factoring algorithm. Although still not immediately practical, their work brings quantum factoring algorithms closer to reality," adds Regev.

In the future, the researchers hope to make their algorithm even more efficient and, someday, use it to test factoring on a real quantum circuit.

"The elephant-in-the-room question after this work is: Does it actually bring us closer to breaking RSA cryptography? That is not clear just yet; these improvements currently only kick in when the integers are much larger than 2,048 bits. Can we push this algorithm and make it more feasible than Shor's even for 2,048-bit integers?" says Ragavan.

This work is funded by an Akamai Presidential Fellowship, the U.S. Defense Advanced Research Projects Agency, the National Science Foundation, the MIT-IBM Watson AI Lab, a Thornton Family Faculty Research Innovation Fellowship, and a Simons Investigator Award.
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New gels could protect buildings during wildfires | ScienceDaily
As climate change creates hotter, drier conditions, we are seeing longer fire seasons with larger, more frequent wildfires. In recent years, catastrophic wildfires have destroyed homes and infrastructure, caused devastating losses in lives and livelihoods of people living in affected areas, and damaged wildland resources and the economy. We need new solutions to fight wildfires and protect areas from damage.


						
Researchers at Stanford have developed a water-enhancing gel that could be sprayed on homes and critical infrastructure to help keep them from burning during wildfires. The research, published Aug. 21 in Advanced Materials, shows that the new gels last longer and are significantly more effective than existing commercial gels.

"Under typical wildfire conditions, current water-enhancing gels dry out in 45 minutes," said Eric Appel, associate professor of materials science and engineering in the School of Engineering, who is senior author of the paper. "We've developed a gel that would have a broader application window -- you can spray it further in advance of the fire and still get the benefit of the protection -- and it will work better when the fire comes.

Long-lasting protection

Water-enhancing gels are made of super-absorbent polymers -- similar to the absorbent powder found in disposable diapers. Mixed with water and sprayed on a building, they swell into a gelatinous substance that clings to the outside of the structure, creating a thick, wet shield. But the conditions in the vicinity of a wildfire are extremely dry -- temperatures can be near 100 degrees, with high winds and zero percent humidity -- and even water locked in a gel evaporates fairly quickly.

In the gel designed by Appel and his colleagues, the water is just the first layer of protection. In addition to a cellulose-based polymer, the gel contains silica particles, which get left behind when the gels are subjected to heat. "We have discovered a unique phenomenon where a soft, squishy hydrogel seamlessly transitions into a robust aerogel shield under heat, offering enhanced and long-lasting wildfire protection. This environmentally conscious breakthrough surpasses current commercial solutions, offering a superior and scalable defense against wildfires," said the lead author of the study, Changxin "Lyla" Dong.

"When the water boils off and all of the cellulose burns off, we're left with the silica particles assembled into a foam," Appel said. "That foam is highly insulative and ends up scattering all of the heat, completely protecting the substrate underneath it."

The silica forms an aerogel -- a solid, porous structure that is a particularly good insulator. Similar silica aerogels are used in space applications because they are extremely lightweight and can prevent most methods of heat transfer.




The researchers tested several formulations of their new gel by applying them to pieces of plywood and exposing them to direct flame from a gas hand-torch, which burns at a considerably higher temperature than a wildfire. Their most effective formulation lasted for more than 7 minutes before the board began to char. When they tested a commercially available water-enhancing gel in the same way, it protected the plywood for less than 90 seconds.

"Traditional gels don't work once they dry out," Appel said. "Our materials form this silica aerogel when exposed to fire that continues to protect the treated substrates after all the water has evaporated. These materials can be easily washed away once the fire is gone."

A serendipitous discovery

The new gels build off of Appel's previous wildfire prevention work. In 2019, Appel and his colleagues used these same gels as a vehicle to hold wildland fire retardants on vegetation for months at a time. The formulation was intended to help prevent ignition in wildfire-prone areas.

"We've been working with this platform for years now," Appel said. "This new development was somewhat serendipitous -- we were wondering how these gels would behave on their own, so we just smushed some on a piece of wood and exposed it to flames from a torch we had laying around the lab. What we observed was this super cool outcome where the gels puffed up into an aerogel foam."

After that initial success, it took several years of additional engineering to optimize the formulation. It is now stable in storage, easily sprayable with standard equipment, and adheres well to all kinds of surfaces. The gels are made of nontoxic components that have already been approved for use by the U.S. Forest Service, and the researchers conducted studies to show that they are easily broken down by soil microbes.




"They're safe for both people and the environment," Appel said. "There may need to be additional optimization, but my hope is that we can do pilot-scale application and evaluation of these gels so we can use them to help protect critical infrastructure when a fire comes through."

Other co-authors on this work are from California Polytechnic State University.

This work was funded by the Gordon & Betty Moore Foundation, Schmidt Science Fellows, and the National Science Foundation.
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AI tackles one of the most difficult challenges in quantum chemistry | ScienceDaily
New research using neural networks, a form of brain-inspired AI, proposes a solution to the tough challenge of modelling the states of molecules.


						
The research shows how the technique can help solve fundamental equations in complex molecular systems.

This could lead to practical uses in the future, helping researchers to prototype new materials and chemical syntheses using computer simulation before trying to make them in the lab.

Led by Imperial College London and Google DeepMind scientists, the study is published today in Science.

Excited molecules

The team investigated the problem of understanding how molecules transition to and from 'excited states'. When molecules and materials are stimulated by a large amount of energy, such as being exposed to light or high temperatures, their electrons can get kicked into a temporary new configuration, known as an excited state.

The exact amount of energy absorbed and released as molecules transition between states creates a unique fingerprint for different molecules and materials. This affects the performance of technologies ranging from solar panels and LEDs to semiconductors and photocatalysts. They also play a critical role in biological processes involving light, including photosynthesis and vision.




However, this fingerprint is extremely difficult to model because the excited electrons are quantum in nature, meaning their positions within the molecules are never certain, and can only be expressed as probabilities.

Lead researcher Dr David Pfau, from Google DeepMind and the Department of Physics at Imperial, said: "Representing the state of a quantum system is extremely challenging. A probability has to be assigned to every possible configuration of electron positions.

"The space of all possible configurations is enormous -- if you tried to represent it as a grid with 100 points along each dimension, then the number of possible electron configurations for the silicon atom would be larger than the number of atoms in the universe. This is exactly where we thought deep neural networks could help."

Neural networks

The researchers developed a new mathematical approach and used it with a neural network called FermiNet (Fermionic Neural Network), which was the first example where deep learning was used to compute the energy of atoms and molecules from fundamental principles that was accurate enough to be useful.

The team tested their approach with a range of examples, with promising results. On a small but complex molecule called the carbon dimer, they achieved a mean absolute error (MAE) of 4 meV (millielectronvolt -- a tiny measure of energy), which is five times closer to experimental results than prior gold standard methods reaching 20 meV.

Dr Pfau said: "We tested our method on some of the most challenging systems in computational chemistry, where two electrons are excited simultaneously, and found we were within around 0.1 eV of the most demanding, complex calculations done to date.

"Today, we're making our latest work open source, and hope the research community will build upon our methods to explore the unexpected ways matter interacts with light."
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Physicists shine new light on ultra-fast atomic processes | ScienceDaily
An international team of scientists is the first to report incredibly small time delays in a molecule's electron activity when the particles are exposed to X-rays.


						
To measure these tiny high-speed events, known as attoseconds, researchers used a laser to generate intense X-ray flashes that allowed them to map the inner workings of an atom.

Their findings revealed that when electrons are ejected by X-rays, they interact with another type of particle called the Auger-Meitner electron, causing a secondary pause that's never been detected before. These results have implications for a wide range of research fields, as learning more about these interactions can reveal novel ideas about complex molecular dynamics, said Lou DiMauro, co-author of the study and a professor of physics at The Ohio State University.

"X-rays are interesting probes of matter," DiMauro said. "You could use them to take a series of stop-action snapshots of a molecule as it evolves before or during a chemical reaction."

The study was recently published in Nature.

While there have been many noteworthy leaps in scientists' ability to study attosecond delays using ultraviolet light over the past two decades, for years it was a task made all the more challenging due to the scarcity of advanced tools needed to produce them.

It was so difficult that Pierre Agostini, an emeritus professor of physics at Ohio State, was awarded the 2023 Nobel Prize in Physics for his past work developing techniques to study electron dynamics using pulses of light that lasts for hundreds of attoseconds, a unit of time equivalent to one quintillionth of a second.




It wasn't until relatively recently that new technologies such as the Linac Coherent Light Source (LCLS), a massive free electron laser device at Stanford University's SLAC National Accelerator Laboratory, made these pulses much easier to create and visualize in the lab, said DiMauro.

Using the LCLS, the team studied how electrons inhabit a nitric oxide molecule, focusing on the electron particles that reside near the atom's oxygen core. They found that there were unexpectedly large delays that ranged up to 700 attoseconds, a pattern that suggests more complicated factors could be at play when determining what causes them, said Alexandra Landsman, a co-author of the study and professor of physics at Ohio State.

"We looked at what happens when you take out the electron from deep inside an atom, and what surprised me was how complex the dynamics of those deeply bound electrons were," said Landsman. "This means that behavior is much more complex than scientists thought, and we need better theoretical descriptions to fully describe the light-matter interaction."

Yet despite more research being needed to further understand the structure of these interactions, uncovering formerly hidden details about them also gives scientists new insights to consider, said DiMauro.

For example, if scientists can get a better grasp on intra-particle behavior, some experts speculate that their discoveries could be vital to breakthroughs for early cancer detection technologies, such as being able to use molecular markers to diagnose blood cancers or detect malignant tumors.

Furthermore, this paper suggests that, combined with theoretical models, researchers could use advances in attosecond science to glimpse matter on some of the smallest scales imaginable, as well as study in greater detail many broader mysteries of the physical universe.

"I'm looking forward to seeing how we use attosecond pulses to learn more about science, engineering or nature in general," said DiMauro. "Because what's described in this paper is an indication of a field that's really going to blossom."

This study was supported by the U.S. Department of Energy's Office of Science and Office of Basic Energy Sciences. James Cryan, senior scientist at Stanford's SLAC National Accelerator Laboratory and an Ohio State alum, was the lead author of the study. Lisa Ortmann of Ohio State was also a co-author.
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Engineers design lookalike drug carrier to evade lung's lines of defense | ScienceDaily
A drug-carrying molecule designed to cure disease by slipping past the lung's natural defenses offers new hope for people with chronic or deadly respiratory diseases, say its creators, researchers in assistant professor Liheng Cai's Soft Biomatter Lab at the University of Virginia School of Engineering and Applied Science.


						
Cai and his team, including materials science and engineering Ph.D. student Baiqiang Huang and biomedical engineering Ph.D. student Zhi-Jian He, successfully demonstrated the nanocarrier's effectiveness using the lab's own "micro-human airway." The device captures the geometric and biological features of human airways.

They described their findings in a paper published June 27 in the American Chemical Society journal ACS Nano.

Sneaking Past Our Defenses

Our lungs have layers of protection that trap and transport pathogens or inhaled particles out of the respiratory system to prevent us from getting sick.

Every time you blow your nose, the system is working.

"Unfortunately, those same barriers also stop medicine from reaching targeted cells, making it hard to treat diseases such as asthma, chronic obstructive pulmonary disease and pulmonary fibrosis," Huang said.




The new polymer is called bottlebrush polyethylene glycol, or PEG-BB. It moves quickly through the airway battlements by mimicking mucins, a natural glycoprotein responsible for the properties of mucus, which has the same bottlebrush shape -- a central backbone with a thicket of bristles extending outward.

"We thought the flexibility and wormlike geometry of the bottlebrush carrier would let it sneak through the tight mesh of mucus and gels surrounding the cilia to be internalized by epithelial cells, where the drugs are needed to work," Huang said.

Cilia are the hairlike structures on the surface of cells. They move in conjunction with mucus to repel and expel foreign bodies.

To test their hypothesis, the team cultured human airway epithelial cells in their device. They introduced fluorescent PEG-BB molecules into the cells from two directions.

They then used a dye that can penetrate the mucus and periciliary layers -- the latter being the gel engulfing the cilia. They did not dye the epithelial cell walls, which helped mark the epithelium's boundaries.

Using a specialized microscope and darkened room to sharpen the images, they were able to see how well the glowing bottlebrush molecules had moved through the cells.




A String of Recent Successes

"The micro-human airway is basically an equivalent home for the cells to grow," Huang said.

"Its biological similarities let us study human lung defense, without causing harm to living beings," added Cai, whose lab specializes in developing novel bottlebrush polymers for an array of uses, many of them pushing boundaries in precision medicine.

For instance, his bioprinting program recently produced what could be the first 3D building block for printing organs on demand. He also just won a prestigious Maximizing Investigator's Research Award of $1.9 million from the National Institutes of Health, one of several rising-star recognitions of his career.

The PEG-BB findings represent one more in the lab's string of successes.

"We think this innovation not only promises better treatments of lung diseases with reduced side effects, but also opens possibilities for treating conditions affecting mucosal surfaces throughout the body," Cai said.

The lab's next step is to test PEG-BB's ability to carry drug molecules across a mucus barrier. The team is experimenting with both in vitro and in vivo models in mice.

Publication

Bottlebrush Polyethylene Glycol Nanocarriers Translocate across Human Airway Epithelium via Molecular Architecture-Enhanced Endocytosis was published June 27, 2024 in ACS Nano.

This work received funding from the National Science Foundation, UVA LaunchPad for Diabetes, UVA Coulter Center for Translational Research, Juvenile Diabetes Research Foundation, Virginia's Commonwealth Health Research Board and the UVA Center for Advanced Biomanufacturing.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Plant signaling pathways decoded
        Using newly generated 'optogenetic' tobacco plants, research teams have investigated how plants process external signals.

      

      
        Among Viking societies, Norway was much more violent than Denmark
        A new study sheds light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

      

      
        Health impacts of repeated wildfires and smoke exposure
        Public health researchers have highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.

      

      
        Making waves in hurricane prediction
        More accurately predicting periods of increased hurricane activity weeks in advance may become possible due to new research published this month. Research shows that twice as many hurricanes form two days after the passing of large-scale atmospheric waves called Kelvin waves than in the days before.

      

      
        'Silent' mutations found to have repercussions beyond their own gene
        Researchers are adding new evidence to the emerging concept that 'silent' or synonymous mutations may have crucial consequences. Their study showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

      

      
        Using high resolution mass spectrometry to study fuel chemistry
        Researchers have developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.

      

      
        Bacterial cells transmit memories to offspring
        Bacterial cells can 'remember' brief, temporary changes to their bodies and immediate surroundings, a new study has found. And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

      

      
        Dogs understand words from soundboard buttons
        A new study reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses.

      

      
        Breaking open the AI black box, team finds key chemistry for solar energy and beyond
        Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the 'AI black box.' By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.

      

      
        Moths may use disco gene to regulate day/night cycles
        How does one species become two? A new study shows what happens when individuals of a moth species become separated in time.

      

      
        Pollution affect the growth and behavior of aquatic organisms
        New research reveals that size-based selection, like in fishing, may impact the stress tolerance of fish, which in turn has a significant impact on the condition and coping of fish in changing environments. The study demonstrated that long-term exposure to manganese sulphate (MnSO4), which is a common aquatic pollutant from mining, hampers the growth and alters behavior of zebra fish.

      

      
        Protect your teeth with fruit: antimicrobial effects found in biomass compounds
        A research team has verified the antibacterial effect of seven food-derived flavonoids against periodontal pathogenic bacteria. The results showed that though several of the compounds inhibited bacterial growth, Pru-C12 had the highest antimicrobial effect.

      

      
        Listen up: New insights into little penguins' sensitivity to noise
        Researchers have used state-of-the-art imaging technology to shed light on the hearing sensitivity of Australian Little Penguins and the danger of marine noise pollution. The study details how Little Penguins, also known as fairy penguins, perceive sound both in air and under water.

      

      
        Bats are surviving and thriving on nothing but sugar
        New research may enable potential solutions to metabolic disease by turning to evolution and to bats. 'Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats,' said one of the researchers. 'We are seeing a new trait we didn't know was possible.'

      

      
        Study finds limits to storing CO2 underground to combat climate change
        New research has found limits to how quickly we can scale up technology to store gigatons of carbon dioxide under the Earth's surface.

      

      
        Rain or shine? How rainfall impacts size of sea turtle hatchlings
        An internationally collaborative study delves into how fluctuating rainfall impacts the development of sea turtle hatchlings, revealing that it has a more profound effect than changes in air temperature. Regional weather influences incubation and hatchling development and the impact of rainfall varies between species. For loggerhead turtles, heavier rainfall results in hatchlings with smaller carapaces (shell) but greater weight, while green turtle hatchlings grow smaller carapaces without a chan...

      

      
        Love is blind for male fruit flies who will choose sex over safety
        Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex.

      

      
        Prioritizing the unexpected: New brain mechanism uncovered
        Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders and schizophrenia spectrum disorders.

      

      
        Aoudad, bighorn sheep share respiratory pathogens
        A team of researchers has discovered that aoudad -- an animal in the sheep and goat family -- can catch and spread many of the same respiratory pathogens that can impact desert bighorn sheep, a native species in Texas that often shares its habitat with aoudad.

      

      
        Work toward a cleaner way to purify critical metals
        Over the past three years, a team of researchers has been pioneering an environmentally friendly method to separate critical rare-earth elements from watery mixtures.

      

      
        This new technique for studying cell receptors could have sweeping implications for drug development
        Researchers created a tool capable of comprehensively mapping crucial interactions underlying drug efficacy in one superfamily of cell receptors.

      

      
        Keeping native bees buzzing requires rethinking pest control
        New research shows a strong correlation between pesticide use and declining sightings of wild bees, with pesticide use causing appearances of some species to drop as much as 56%. The loss of wild bees could disrupt ecosystems, affecting plant survival and the wildlife dependent on those plants, while also posing a significant risk to agricultural productivity. Researchers advocate for integrated pest management strategies and more long-term studies to better understand and mitigate the impact of ...

      

      
        NREL advances method for recyclable wind turbine blades
        Researchers see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.

      

      
        How much microplastic are you drinking? New tool can tell you in minutes
        Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, too. Now, researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

      

      
        Study shows reduced inflammation in residents after adding trees to their neighborhoods
        A new project has found that people living in neighborhoods where the number of trees and shrubs was more than doubled showed lower levels of a blood marker of inflammation than those living outside the planted areas. General inflammation is an important risk indicator for heart disease and other chronic diseases.

      

      
        Scientists develop AI-driven method to enhance electron microscopy imaging capabilities of complex biological systems
        Electron microscope (EM) has revolutionized our ability to visualize the intricate details inside cells. The advancement to 3D electron microscopy, known as volume EM (vEM), has further expanded this three-dimensional, nanoscale imaging capacity. However, trade-offs between imaging speed, quality, and sample size still limit the achievable imaging area and volume. Concurrently, artificial intelligence (AI) is emerging as a pivotal force across various scientific domains, driving breakthroughs and...

      

      
        Coastal cities must adapt faster to climate change
        Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial.

      

      
        Women in global fisheries industry fall through the safety net
        Millions of women who work in the fisheries industry are being left behind as technologies develop to counter the effects of climate change and economic pressures. A new study examines this global problem and suggests ways forward in policy, research and practice.

      

      
        Insights from satellite data pave the way to better solar power generation
        Fluctuations in solar radiation are a problem for solar power plants as they cause problems in the power grid and other reliability issues. In a recent study, scientists aimed to deepen our understanding of variations in solar irradiance in time and space over the Asia Pacific region by analyzing satellite data. Their findings provide valuable insights that could help us optimize the position of future solar power plants.

      

      
        Researchers reveal the causes for Greenland's abnormal warming
        The climate factors revealed in a new study shed light on Greenland's climate and can help predict the future development of Greenland's ice sheet.

      

      
        Are crops worldwide sufficiently pollinated?
        Scientists have analyzed crop yields of more than 1,500 fields on six continents, and found that production worldwide of important, nutritionally dense foods such as fruits, vegetables, nuts and legumes is being limited by a lack of pollinators.

      

      
        Power of plants: Biomass-based polymer that can absorb and release carbon dioxide
        A new, biomass-based material can be used to repeatedly capture and release carbon dioxide. The material is primarily made from lignin, an organic molecule that is a main component of wood and other plants, and it can take up carbon dioxide (CO2) from concentrated sources or directly from the air.

      

      
        Public trust in drinking water safety is low globally
        A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. The study sought to understand public perceptions of drinking water safety. Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

      

      
        Gut bacteria composition influences rotavirus vaccine efficacy
        Certain types of gut bacteria can hinder the efficacy of the rotavirus vaccine, according to researchers.

      

      
        Scientists use evolution to bioengineer new pathways to sustainable energy, pharmaceuticals
        Using evolution as a guiding principle, researchers have successfully engineered bacteria-yeast hybrids to perform photosynthetic carbon assimilation, generate cellular energy and support yeast growth without traditional carbon feedstocks like glucose or glycerol. By engineering photosynthetic cyanobacteria to live symbiotically inside yeast cells, the bacteria-yeast hybrids can produce important hydrocarbons, paving new biotechnical pathways to non-petroleum-based energy, other synthetic biology...

      

      
        Oxygen produced in the deep sea raises questions about extraterrestrial life
        Rocks are generating 'dark oxygen' in an area being explored for deep-sea mining.

      

      
        Immune system that bacteria use to respond to viral infections
        An article highlights new insights into the PARIS, an immune system that bacteria use to respond to viral infections.

      

      
        What microscopic fossilized shells tell us about ancient climate change
        By analyzing foram shells recovered in drill cores, study led by geologists links rapid climate change that led to thermal maxima 50 million years ago to rising CO2 levels.

      

      
        Matching dinosaur footprints found on opposite sides of the Atlantic Ocean
        An international team of paleontologists has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.

      

      
        Mapping the sex life of Malaria parasites at single cell resolution, reveals the genetics underlying Malaria transmission
        Malaria is caused by a eukaryotic microbe of the Plasmodium genus, and is responsible for more deaths than all other parasitic diseases combined. In order to transmit from the human host to the mosquito vector, the parasite has to differentiate to its sexual stage, referred to as the gametocyte stage. Unlike primary sex determination in mammals, which occurs at the chromosome level, it is not known what causes this unicellular parasite to form males and females. New research has implemented high-...

      

      
        Scientific consensus can strengthen pro-climate attitudes in society
        Climate scientists have long agreed that humans are largely responsible for climate change. A new study finds that communicating the scientific consensus about climate change can clear up misperceptions and strengthen beliefs about the existence and the causes of climate change. The team surveyed over 10,000 people from 27 countries on 6 continents.

      

      
        Study finds salamanders are surprisingly abundant in northeastern forests
        Two recent amphibian-focused studies shed light on the ecological importance of red-backed salamanders, while confirming that proactive measures would prevent costly impacts from a wildlife disease spreading across Europe that has not yet reached North America.

      

      
        Darwin's fear was unjustified: Writing evolutionary history by bridging the gaps a big issue
        Fossils are used to reconstruct evolutionary history, but not all animals and plants become fossils and many fossils are destroyed before we can find them (e.g., the rocks that contain the fossils are destroyed by erosion). As a result, the fossil record has gaps and is incomplete, and we're missing data that we need to reconstruct evolutionary history. Now, a team of sedimentologists and stratigraphers examined how this incompleteness influences the reconstruction of evolutionary history. To the...

      

      
        Study finds nearly half of U.S. counties have at least one 'pharmacy desert'
        Nearly half of counties in the United States have at least one 'pharmacy desert' where there is no retail pharmacy within 10 miles, according to a new study.

      

      
        CRISPR-based genome editing in Nile grass rats
        A team of researchers has discovered a set of methods that enabled the first successful CRISPR-based genome editing in Nile grass rats.

      

      
        Two epicenters led to Japan's violent Noto earthquake on New Year's Day
        The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a 'dual-initiation mechanism' applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.

      

      
        A leaky sink: Carbon emissions from forest soil will likely grow with rising temperatures
        The soils of northern forests are key reservoirs that help keep the carbon dioxide that trees inhale and use for photosynthesis from making it back into the atmosphere.

      

      
        Bioengineers develop lotus leaf-inspired system to advance study of cancer cell clusters
        Bioengineers have harnessed the lotus effect to develop a system for culturing cancer cell clusters that can shed light on hard-to-study tumor properties. The new zinc oxide-based culturing surface mimics the lotus leaf surface structure, providing a highly tunable platform for the high-throughput generation of three-dimensional nanoscale tumor models.

      

      
        Strength training activates cellular waste disposal
        The elimination of damaged cell components is essential for the maintenance of the body's tissues and organs. An international research team has made significant findings on mechanisms for the clearing of cellular wastes, showing that strength training activates such mechanisms. The findings could form the basis for new therapies for heart failure and nerve diseases, and even afford benefits for manned space missions.

      

      
        Scientists propose guidelines for solar geoengineering research
        To guide future research into solar geoengineering, an international group of scientists is making specific recommendations for evaluating proposals in order to identify the most feasible and legitimate scenarios for stratospheric aerosol intervention.
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Plant signaling pathways decoded | ScienceDaily
When it comes to survival, plants have a huge disadvantage compared to many other living organisms: they cannot simply change their location if predators or pathogens attack them or the environmental conditions change to their disadvantage.


						
For this reason, plants have developed different strategies with which they react to such attacks. Such reactions are usually triggered by certain signals from the environment. As has long been known, the intracellular calcium concentration plays an important role in the processing of these signals.

However, in addition to changes in the cytoplasmic calcium level, changes in the cell's membrane potential have also been suspected as a signal transmitter. Research groups from the Departments of Neurophysiology, Pharmaceutical Biology and Botany at Julius-Maximilians-Universitat Wurzburg (JMU) have investigated the calcium-membrane potential relationship in more detail. They have now published their findings in the journal Nature.

Light-sensitive Channels Enable Targeted Manipulations

For their study, the research teams worked with tobacco plants that carry ion channels that can be specifically switched on with light. More than 20 years ago, Peter Hegemann, Georg Nagel and Ernst Bamberg initiated the success of optogenetics, with their discovery and characterization of light-activated ion channels, so-called channelrhodopsins. With the help of these light-sensitive proteins, which are obtained from algae and microorganisms, the JMU researchers were able to experimentally investigate whether the influx of calcium ions or anion efflux-mediated depolarization of the cell membrane is decisive for the plant's reaction to a certain stress situation. However, the scientists had to do a great deal of preparatory work before they were able to do this.

Optogenetics with Rhodopsins

Channelrhodopsins, ion channels that carry an intrinsic rhodopsin-based light switch, revolutionized neuroscience through the light-controlled investigation of neuronal networks. The use of channelrhodopsins in plant research only became possible 20 years later, through close collaboration between the group of Georg Nagel, Professor at the Institute of Physiology at JMU, and plant researchers from the Wurzburg Chairs of Botany 1, 2 and Pharmaceutical Biology.




In 2021, Georg Nagel's group, together with Dr. Kai Konrad, group leader at the JMU Chair of Prof. Rainer Hedrich Botany 1, published an approach to optimize the use of channelrhodopsins in plants by overcoming three main difficulties.

Rhodopsins Require Vitamin A

Point 1: "Like all rhodopsins, including those in our eyes, channelrhodopsins require the small molecule retinal, also known as vitamin A, to absorb light. We humans get retinal mainly from beta-carotene, the provitamin A. However, land plants do not contain retinal, but a lot of beta-carotene," explains Dr. Shiqiang Gao, co-author of the Nature publication and 'rhodopsin engineer' from the Optogenetics lab of the Department of Neurophysiology at JMU.

In 2021, Gao succeeded for the first time in combining the expression of channelrhodopsins with the production of retinal from beta-carotene in plant cells. This enabled the development of tobacco plants with a high retinal content and successful expression of channelrhodopsins.

Dr. Markus Krischke from the Metabolomics Core Unit at the Department of Pharmaceutical Biology headed by Professor Martin Muller at JMU Wurzburg confirmed the high retinal content of the various transgenic tobacco plants.

Comparable transgenic tobacco plants were produced for the recently published study by Dr. Meiqi Ding from the Department of Botany I under the direction of plant physiologist and expert for plant signal processing Dr. Kai Konrad from the group of Professor Rainer Hedrich at the Department of Botany I.




Plants Need Light to Grow

Point 2: "Most rhodopsins are activated by blue or green light. However, this is always a component of white light," explains Georg Nagel. As a result, the tobacco plants could not be grown in a greenhouse or under artificial white light, as is usually the case. Only in special growth chambers with red LED light, which can be used photosynthetically, it was possible to avoid unwanted rhodopsin activation. Tests under different growth conditions showed: "Tobacco develops healthily and unchanged under red light compared to greenhouse conditions," says Dr. Kai Konrad.

Functional Expression of Channelrhodopsins in Plants

Point 3: The expression of chanelrhodopsin in tobacco cells often causes difficulties. In 2021, the Wurzburg team of scientists succeeded in expressing the light-activated anion channel GtACR1 in tobacco plant cells. As a result, Georg Nagel's team was able to develop various channelrhodopsins that were optimized for the permeability of calcium ions. Finally, Dr. Shiqiang Gao and Dr. Shang Yang, both members of Nagel's group, succeeded in developing a very good calcium-conducting channelrhodopsin XXM 2.0 for targeted expression in tobacco plants.

This was the breakthrough: "The successful expression of channelrhodopsins with different ion selectivity in plant cells enables the comparison of different ion signals in parallel to the electrical signal, the so-called depolarization," explains Dr. Meiqi Ding. She used the calcium-conducting channelrhodopsin XXM 2.0 and the light-activated anion channel GtACR1 to investigate the different ion signaling pathways in tobacco.

A New Era in Plant Research

These newly generated "optogenetic" tobacco plants made it possible to clarify the question of whether calcium influx or membrane depolarization is decisive for the plant's response to a specific stress situation. "The answer was clear," says Dr. Kai Konrad, corresponding author. First author Dr. Meiqi Ding from Dr. Konrad's group explains, "After activation of the anion channel, the leaves wilted and responded with the typical plant response to drought; the plant hormone abscisic acid (ABA) was produced and gene expression was ramped up to protect against desiccation."

"However, in the plants with the calcium channel, there was no change in ABA levels after optogenetic stimulation," Dr. Ding continued. "Instead, the plants produced signal molecules and plant hormones to initiate defence mechanisms against predators, recognizable by white spots on the leaves," said Dr. Konrad.

Dr Sonke Scherzer at the chair of Prof Hedrich was able to show by direct ROS measurements that reactive oxygen species (ROS) are released in the process.

Dirk Becker and Rainer Hedrich at the Chair of Botany 1, designed an experimental approach to support the working hypothesis using transcriptomic and bioinformatic analysis.

The scientists are convinced that this study is just the beginning of a new era in plant research. Ultimately, the signaling pathways of plants can now be better "illuminated" using various rhodopsins.
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Among Viking societies, Norway was much more violent than Denmark | ScienceDaily
Rates of violence in Viking Age Norway and Denmark were long believed to be comparable. A team of researchers including University of South Florida sociologist David Jacobson challenges that assumption.


						
Their findings show that interpersonal violence -- violence not meted out as punishment by authorities -- was much more common in Norway. This is evident in the much greater rates of trauma on skeletons and the extent of weaponry in Norway. The study, published in the Journal of Anthropological Archaeology, sheds new light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

Jacobson is part of an interdisciplinary team that combined archaeology and sociology along with the study of skeletons and of runestones -- raised stones bearing inscriptions -- to reveal key differences in how violence, social hierarchies and authority influenced these dynamics in the two regions. The other scholars on the team are from Norway and Germany.

"The interdiscipilinary approach taken in this study shows us how social and political patterns can be revealed, even when there are a paucity of written sources," Jacobson said.

Norway: A More Violent Society?

Researchers analyzed skeletal remains from Viking Age Norway and Denmark and found that 33% of the Norwegian skeletons showed healed injuries, indicating that violent encounters weren't uncommon. By comparison, 37% of the skeletons showed signs of lethal trauma, highlighting the frequent and often fatal use of weapons in Norway.

A notable feature in Norway was the presence of weapons, particularly swords, alongside skeletons in graves. The study identified more than 3,000 swords from the Late Iron Age and Viking periods in Norway, with just a few dozen in Denmark. These findings suggest weapons played a significant role in Norwegian Viking identity and social status -- further emphasizing the culture's connection to violence.




Denmark: Steeper Social Hierarchies and Controlled Violence

In Denmark, the findings show a different pattern. Danish society was more centralized, with clearer social hierarchies and stronger central authority. Violence was more organized and controlled, often linked to official executions rather than acts of personal violence.

For example, skeletal remains in Denmark showed fewer signs of weapon-related injuries but included evidence of executions such as decapitations. Skeletal evidence suggests about 6% of Viking Danes died violently, almost all from executions.

Denmark's more structured society also had a smaller percentage of graves containing weapons than Norway's. Instead, social order was maintained through political control, reflected in the construction of large earthworks and fortifications. These monumental structures, particularly during the reign of King Harald Bluetooth in the 10th century, demonstrated Denmark's greater capacity for coordinated labor and more organized social hierarchies.

Why the Differences?

The study suggests that Denmark's more rigid social structure meant that violence was less frequent but more systematically enforced through official channels, such as executions. Meanwhile, Norway's more decentralized society experienced more peer-to-peer violence, as indicated by the higher levels of trauma found in skeletons.




The findings also support the broader theory that stronger authority and steeper social hierarchies can reduce the overall levels of violence in a society by centralizing the use of force under official control.

"The findings of these patterns suggest that we are talking of distinct societies in the regions of Norway and Denmark," Jacobson said. "This is quite striking, as the assumption has been that socially Viking Scandanavia was largely a singular space."

Broader Implications

The research contributes to a growing body of work that explores how social structures influenced violence in historical societies. Similar patterns have been observed in other parts of the world, such as the Andes region of South America and in areas of North America, where less centralized societies also experienced higher levels of violence.

Jacobson said he hopes the study "is a step towards a new explanatory model, especially when written sources from the period are partial or even nonexistent."

Note: Scholars from the University of Oslo, Deutscher Verband fur Archaologie in Germany and the Norwegian University of Science and Technology also were part of the research team.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240828155028.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Health impacts of repeated wildfires and smoke exposure | ScienceDaily
University of California, Irvine public health researchers have published a study in the journalEnvironmental Research Health highlighting the compounded effects of frequent wildfires and smoke exposure on physical and mental health, local economies and community resilience in Southern California.


						
Through detailed focus groups and surveys across four affected locales -- Thermal, Mecca, Oasis and North Shore -- in eastern Coachella Valley, the work provides a comprehensive look at the personal and collective toll these disasters take on residents, says corresponding author Suellen Hopfer, associate professor of health, society and behavior at UC Irvine's Joe C. Wen School of Population & Public Health.

The eastern Coachella Valley is a desert ecosystem within Riverside County with increasingly invasive grasslands coupled with extreme heat that frequently experiences wildfires. Hispanic American populations are well established in the valley, with an estimated 92 percent of residents originating from Latino countries (mostly Mexico). Agriculture and construction are the predominant industries and employers in this region.

Between February and April 2023, Hopfer and her team collected and analyzed 118 valley residents' personal stories of evacuations, health impacts and disruptions to daily life caused by fires and smoke. Their findings are among the few to contribute to the literature about how low-income, marginalized communities can respond to and protect themselves from wildfire threats. They also highlight the strength and perseverance of the people fighting these circumstances.

The residents shared stories with the researchers about physical health issues triggered by wildfire smoke. Breathing difficulties, sinus problems and eye irritation were common, particularly among children, the elderly and those with preexisting conditions. Equally important were the mental health impacts.

Living with persistent smoke and extreme heat, children unable to go outside, and family members working in extreme heat and smoke resulted in continuous psychological stress, anxiety and fear. These psychological stressors were exacerbated by the constant possibility of dangerous wildfires.

"This report is made possible by the eastern Coachella Valley families and community residents who shared their fire experiences and effects with our research team," said Hopfer, who holds a joint appointment in pediatrics. "Through our community-academia partnership, our findings can serve as a critical resource for policymakers, emergency response teams and public health officials aiming to develop more effective support systems to protect ECV's most vulnerable populations."

The findings, she added, underscore the urgent need for improved emergency preparedness and resources. Residents called for better communication channels, affordable trash services to reduce fire risks and tailored fire prevention education in Spanish. The study also emphasizes the importance of community interaction in wildfire mitigation, Hopfer said, with neighbors playing crucial roles in alerting and assisting one another during emergencies.

Additional authors included UC Irvine doctoral candidates Anqi Jiao and Mengyi Li, as well as Jun Wu, professor of environmental and occupational health, from the Joe C. Wen School of Population & Public Health, along with Anna Lisa Vargas from Communities for a New California Education Fund.

This work was supported by a grant from the California Air Resources Board.
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Making waves in hurricane prediction | ScienceDaily
More accurately predicting periods of increased hurricane activity weeks in advance may become possible due to new research published this month.


						
The study, led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), shows that twice as many hurricanes form two days after the passing of large-scale atmospheric waves called Kelvin waves than in the days before. This finding may enable forecasters and emergency managers to anticipate clusters of hurricanes days to weeks in advance.

The research team used an innovative computer modeling approach to tease out the influence of Kelvin waves, which are large-scale atmospheric waves that can extend more than 1,000 miles in the atmosphere and shape global weather patterns.

"If weather forecasters can detect a Kelvin wave over the Pacific Ocean, for example, then they can anticipate that a few days after the wave there will be an uptick in hurricanes forming over the Atlantic," said NSF NCAR scientist Rosimar Rios-Berrios, the lead author of the paper. "This would help them communicate with emergency managers and local governments who could prepare for the likelihood of an active hurricane period and alert the public. This research has the potential to save many lives."

The study was published in Monthly Weather Review.

Aquaplanet 

For decades, scientists have noticed that hurricanes form in clusters followed by several weeks of little to no hurricane activity. Several studies have suggested that Kelvin waves could be responsible for the surge in hurricanes, but scientists were unable to separate out other potential factors and prove Kelvin waves were responsible. To overcome this, Rios-Berrios and her colleagues used a novel combination of computer modeling tools to confirm that Kelvin waves do indeed boost hurricane formation.




The research team used a simulation called aquaplanet that was run on NSF NCAR's Model for Prediction Across Scales (MPAS), which is a next-generation computer model that can capture fine-scale weather phenomena and global-scale atmospheric patterns simultaneously. Aquaplanet is a configuration that simulates a hypothetical world that behaves like Earth, but doesn't have land or seasons. The simplified world acts like a lab and makes it easier to isolate the effects of Kelvin waves on hurricane formation.

The scientists ran the simulations on the Cheyenne supercomputer at the NCAR-Wyoming Supercomputing Center.

To investigate the connection between Kelvin waves and hurricanes, the research team measured the number of days between hurricane formation and Kelvin wave crests. The measurements showed a significant peak after two days, with hurricane development being twice as likely. Because the aquaplanet simulations capture the physical process of hurricane formation, the results go beyond correlation and suggest that Kelvin waves are actually impacting hurricane formation.

The new study also emphasizes the importance of recent research that Rios-Berrios co-authored with NSF NCAR postdoc Quinton Lawton about the need to improve the ability of weather forecast models to simulate Kelvin waves.

"I started this research on Kelvin waves in 2017. It was a big project that took years to go from an idea to scientific results and really highlights why this type of research is so valuable," said Rios-Berrios. "There are still a lot of gaps in scientific knowledge about how hurricanes form and research like this helps us narrow where scientists should focus to better understand these powerful storms."
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'Silent' mutations found to have repercussions beyond their own gene | ScienceDaily
Genetic disorders -- like cystic fibrosis and Huntington's disease -- are considered incurable, with gene mutations occurring in essentially every cell of the body.


						
Gene mutations occur when one nucleotide in a codon is switched. In non-synonymous mutations, this disrupts the codon's function to code for its amino acid. In synonymous mutations, the codon still codes the correct amino acid. As such, these mutations are dubbed "silent" and often considered inconsequential to human health.

Now, researchers from the University of Notre Dame are adding new evidence to the emerging concept that these silent mutations may have crucial consequences. Their study, published in the Proceedings of the National Academy of Sciences, showed how a synonymous mutation in one gene can significantly affect a neighboring gene, increasing its protein production.

"The dogma in the field right now is that within the protein coding part of the genome, the only mutations that matter are the ones that change the DNA to code from one amino acid to another," said Patricia L. Clark, the O'Hara Professor of Chemistry and Biochemistry at Notre Dame and lead author of the study. "That's a very oversimplified view -- to the point of being detrimental -- of what matters."

For this study, funded by Clark's Director's Pioneer Award from the National Institutes of Health, researchers experimented with the genome of the bacteria E. coli, as its small genome and simple cell structure make it more straightforward to ask fundamental questions about the impact of mutations than human cells. They created nine different synonymous versions of the CAT (Chloramphenicol acetyltransferase) gene, with each using different synonymous codons to encode the CAT protein.

When those different synonymous versions were expressed, they discovered that four of nine synonymous sequences affected the number of CAT proteins synthesized.

"Think about synonymous mutations like a huge quilt of possible DNA sequences that are all going to give you the same protein," Clark said. "You can pick any part of the quilt and get the same protein, but will you get the same amount of protein? Will the protein fold be the same? Is the cell going to be healthy? This is what we were looking at."

Clark's initial hypothesis, as an expert in protein folding, was that these four synonymous mutations might be altering CAT protein folding, which occurs after gene expression. However, the researchers -- including first author Anabel Rodriguez, then a doctoral student in Clark's lab -- went on to discover that the impact of the synonymous mutations occurs during the gene expression process, affecting the transcription of DNA to RNA.




"What Anabel showed was that the amount of CAT protein synthesis was correlated to the amount of CAT RNA synthesis," Clark said. "This indicated that some synonymous mutations screwed up the synthesis of RNA from DNA. That Anabel was able to figure out this novel transcriptional regulation mechanism, while working in a lab with no previous experience studying transcription, is a remarkable achievement."

The research showed that some of the synonymous mutations created cryptic transcription sites on the CAT DNA strand. RNA polymerase, the enzyme responsible for transcribing DNA to RNA, was binding to these cryptic transcription sites -- instead of their expected binding site.

These polymerases synthesized an RNA that started within CAT, but extended to also encode the entire neighboring, upstream gene. In the case of CAT, the upstream gene encodes a repressor protein, so making more of it represses the expression of CAT.

The concept of a synonymous mutation impacting its own gene's processes has only been considered in the last decade. So the idea that a synonymous mutation on one gene could also affect the transcription and translation processes of a neighboring gene is a significant expansion -- and something Clark and her lab plan to further explore.

"There has been an increasing number of landmark studies that show how incomplete our understanding is on the impact of synonymous mutations. We should be considering how these mutations impact all diseases and genetic disorders," Clark said. "I hope that our study will help accelerate the building of a comprehensive understanding."

Next, the research team plans to analyze how some of the synonymous mutations of the CAT gene were able to recruit RNA polymerase to the cryptic binding location so efficiently. This is especially intriguing given that the currently available machine learning algorithms have not been able to accurately predict it.

Clark serves as an associate vice president of research and director of the Biophysics Instrumentation Core Facility at Notre Dame. Anabel Rodriguez, former graduate student in Clark's lab and current instructor at Coastal Carolina Community College, was the lead author of the study.

Other study co-authors include Jacob Diehl, Christopher Bonar, Taylor Lundgren, McKenze Moss, Jun Li, Tijana Milenkovic, Paul Huber and Matthew Champion from Notre Dame; Gabriel Wright from the Milwaukee School of Engineering; and Scott Emrich from the University of Tennessee.
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Using high resolution mass spectrometry to study fuel chemistry | ScienceDaily
U.S. Naval Research Laboratory researcher Mark Romanczyk, Ph.D., developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.


						
The approaches Romanczyk utilizes enable highly detailed qualitative analysis of complex mixtures in minutes. One recent method facilitated the investigation of chemical changes that occurred in weathered crude oil in terrestrial environments. Several of the methods were recently published in the science journal Fuel.

"Despite the accidental rise of oil spilled onto landmasses, less research has been dedicated to evaluating the compositional changes/fate of oil prior to its introduction into bodies of water" said Romanczyk. "The lack of information affords an opportunity to investigate and qualitatively characterize oil as a function of weathering time in the absence of an aqueous environment. These studies may provide highly useful information for oil spill cleanup and exposure concerns."

Upon direct sun exposure, the lightest aromatic hydrocarbons (i.e., alkylbenzenes, alkyltetralins with total carbons of approximately twelve) in the crude oil evolved in the first 24 hours of weathering. After 24 hours, a thin film formed on the surface trapping the lightest aromatic hydrocarbons where the overall composition remained unchanged.

However, the heaviest aromatic hydrocarbons (i.e., naphthalenes, anthracenes) showed evidence of photooxidation, despite film formation. The results demonstrate that the compositional changes of oil in a terrestrial environment may differ from that of an aquatic environment as wave action will likely stir the oil, preventing film formation.

Additional methods have been used to detect and characterize heteroatom-containing compounds (HCCs) in fuels. HCCs are a concern for fuel stability as they initiate adverse chemical reactions. The novel methods discovered new classes of HCCs not previously documented and aids at linking the composition of fuel to performance and properties.

"The approaches Mark and his colleagues are developing enable highly detailed analysis of fuel composition in minutes," said Kevin J. Johnson, Ph.D., head, Navy Technology Center for Safety and Survivability. "I think this is going to lead to significant advancements in the near future in how we formulate and handle fuels in the Navy and Department of Defense."

Romanczyk was recently awarded by the International Association for Fuel Stability and Handling (IASH) the Chevron Research Award of Excellence in honor of John Bacha at the IASH 2024 International Symposium this September in Louisville, Kentucky.




Bacha was a consulting scientist with Chevron Products Company. He was a strong supporter of IASH and was internationally recognized for his studies on diesel fuel and residual fuel chemistry. He was dedicated to encouraging the younger generation to join and enrich the industry.

Romanczyk is a leading expert in complex mixture analysis, including petroleum-derived fuels, crude oils, and alternative fuels. Currently, he is developing novel links between fuel compositions and stability properties and analytical techniques that detect PFAS (Per- and polyfluoroalkyl substances) at the parts per billion level. He also studies the weathering of crude oil. He has sixteen publications in top-tier journals and has hundreds of citations. He is a member of the American Chemical Society, IASH and American Society for Mass Spectrometry.

The Chemical Sensing and Fuel Technology Section conducts research aimed at increasing the Navy's understanding of chemical processes which lead to the development of novel sensing and analytical data analysis methods. Projects include chemical and biological detection, hazardous chemical detection, intelligent data fusion, chemometrics applied to sensor systems and analytical methods.

This program consists of research projects involving novel state-of-the-art methods for the detection of hazardous chemicals, Navy mobility fuel properties, trace chemical analysis and damage control events such as fire and flooding. These R&D projects require expertise in organic chemistry, chemical analysis, instrument design, high resolution mass spectrometry research, analytical method development, computational modeling, chemometrics, and system verification.

The research areas address environmental and workplace detection needs using chemical sensors, personal dosimetry, and area monitoring. Another major area of research is the application of artificial intelligence techniques to data interpretation problems associated with hazardous material detection and improved situational awareness of fuels, and the formulation of novel chemometric algorithms to enable the development of sensing technologies for automated fuel quality diagnostics and prognostics.
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Bacterial cells transmit memories to offspring | ScienceDaily
Bacterial cells can "remember" brief, temporary changes to their bodies and immediate surroundings, a new Northwestern University and University of Texas-Southwestern study has found.


						
And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

Not only does this discovery challenge long-held assumptions of how the simplest organisms transmit and inherit physical traits, it also could be leveraged for new medical applications. For example, researchers could circumvent antibiotic resistance by subtly tweaking a pathogenic bacterium to render its offspring more sensitive to treatment for generations.

The study will be published Wednesday (Aug. 28) in the journal Science Advances.

"A central assumption in bacterial biology is that heritable physical characteristics are determined primarily by DNA," said Northwestern's Adilson Motter, the study's senior author. "But, from the perspective of complex systems, we know that information also can be stored at the level of the network of regulatory relationships among genes. We wanted to explore whether there are characteristics transmitted from parents to offspring that are not encoded in DNA, but rather in the regulatory network itself. We found that temporary changes to gene regulation imprint lasting changes within the network that are passed on to the offspring. In other words, the echoes of changes affecting their parents persist in the regulatory network while the DNA remains unchanged."

Motter is the Charles E. and Emma H. Morrison Professor of Physics at Northwestern's Weinberg College of Arts and Sciences and director of the Center for Network Dynamics. The study's co-first authors are postdoctoral fellow Thomas Wytock and graduate student Yi Zhao, who are both members of Motter's laboratory. The study also involves a collaboration with Kimberly Reynolds, a systems biologist at the University of Texas Southwestern Medical Center.

Learning from a model organism

Since researchers first identified the molecular underpinnings of genetic code in the 1950s, they have assumed traits are primarily -- if not exclusively -- transmitted through DNA. However, after the completion of the Human Genome Project in 2001, researchers have revisited this assumption.




Wytock cites the World War II Dutch famine as a famous example pointing to the possibility of heritable, non-genetic traits in humans. A recent study showed that the children of men, who were exposed to the famine in utero, exhibited an increased tendency to become overweight as adults. But isolating the ultimate causes for this type of non-genetic inheritance in humans has proved challenging.

"In the case of complex organisms, the challenge lies in disentangling confounding factors such as survivor bias," Motter said. "But perhaps we can isolate the causes for the simplest single-cell organisms, since we can control their environment and interrogate their genetics. If we observe something in this case, we can attribute the origin of non-genetic inheritance to a limited number of possibilities -- in particular, changes in gene regulation."

The regulatory network is analogous to a communication network that genes use to influence each other. The research team hypothesized that this network alone could hold the key to transmitting traits to offspring. To explore this hypothesis, Motter and his team turned to Escherichia coli (E. coli), a common bacterium and well-studied model organism.

"In the case of E. coli, the entire organism is a single cell," Wytock said. "It has many fewer genes than a human cell, some 4,000 genes as opposed to 20,000. It also lacks the intracellular structures known to underlie the persistence of DNA organization in yeast and the multiplicity of cell types in higher organisms.Because E. coli is a well-studied model organism, we know the organization of the gene regulatory network in some detail."

Reversible stress, irreversible change

The research team used a mathematical model of the regulatory network to simulate the temporary deactivation (and subsequent reactivation) of individual genes in E. coli. They discovered these transient perturbations can generate lasting changes, which are projected to be inherited for multiple generations. The team currently is working to validate their simulations in laboratory experiments using a variation of CRISPR that deactivates genes temporarily rather than permanently.




But if the changes are encoded in the regulatory network rather than the DNA, the research team questioned how a cell can transmit them across generations. They propose that the reversible perturbation sparks an irreversible chain reaction within the regulatory network. As one gene deactivates, it affects the gene next to it in the network. By the time the first gene is reactivated, the cascade is already in full swing because the genes can form self-sustaining circuits that become impervious to outside influences once activated.

"It's a network phenomenon," said Motter, who is an expert in the dynamic behaviors of complex systems. "Genes interact with each other. If you perturb one gene, it affects others."

Although his team is deactivating genes to test the hypothesis, Motter is clear that different types of perturbations could cause a similar effect. "We also could have changed the cell's environment," he said. "It could be the temperature, the availability of nutrients or the pH."

The study also suggests that other organisms have the necessary elements to exhibit non-genetic heritability. "In biology, it's dangerous to assume anything is universal," Motter contends. "But, intuitively, I do expect the effect to be common because E. coli'sregulatory network is similar or simpler than those found in other organisms."

The study, "Irreversibility in bacterial regulatory networks," was supported by the National Science Foundation (award number MCB-2206974).
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Dogs understand words from soundboard buttons | ScienceDaily
If you've seen those viral social media videos of dogs using soundboard buttons to "talk," you're not alone. These buttons have taken the pet world by storm, leading to impressive and sometimes seemingly miraculous feats shared across platforms like TikTok and Instagram. But are these dogs truly communicating, or are they just responding to cues from their owners?


						
Now, a new study published in PLOS ONE -- by researchers from the University of California San Diego and other institutions -- reveals that dogs trained with soundboard buttons can indeed comprehend specific words, producing contextually appropriate responses. Led by Federico Rossano, associate professor in the Department of Cognitive Science at UC San Diego and head of the Comparative Cognition Lab, this is the first empirical study emerging from the world's largest longitudinal project on button-trained pets.

Rossano, who is also featured in the popular new Netflix documentary "Inside the Mind of a Dog," emphasizes that this research is just one step in his lab's ongoing investigation of interspecies communication.

Key findings: The study shows that dogs trained to use soundboards responded appropriately to words like "play" and "outside," regardless of whether the words were spoken by their owners or triggered by pressing a button, as well as whether the buttons were pressed by the owner or an unrelated person. This suggests that dogs are not merely "reading" their owners' body language or presence but are indeed processing the words.

"This study addresses public skepticism about whether dogs truly understand what the buttons mean," said Rossano. "Our findings are important because they show that words matter to dogs, and that they respond to the words themselves, not just to associated cues."

The research involved two complementary experiments. The first was conducted in person, with researchers visiting 30 dogs' homes across the country to test their responses to soundboard buttons. The second experiment utilized citizen science, where 29 dog owners conducted the trials themselves at home under remote guidance.

The study's methodology was rigorously pre-registered, ensuring transparency and replicability. This pre-registration, which is publicly available online, outlines the study's hypotheses, data collection methods, variables, and analysis plans before any data was collected. This process, Rossano explained, enhances accountability, reduces the risk of cherry-picking results, and aligns with a growing movement in cognitive science and psychology to increase scientific rigor and reduce the likelihood of bias or fraud.




Rossano added, "We're just scratching the surface in this study. Future studies explore how dogs actively use these buttons, including the meaning and systematicity behind sequences of button presses. Our research underscores the importance of studying animals in their home environment, providing a more ecologically valid understanding of their abilities."

This study is part of a larger, ongoing research project involving thousands of participants worldwide. Upcoming research will delve deeper into how dogs spontaneously use soundboard buttons, further illuminating the complexities of dog cognition and communication.

The paper's first author is Amalia Bastos, a former postdoc at UC San Diego now a postdoc at Johns Hopkins University. The study was also conducted in collaboration with researchers from UC Davis, University of St. Andrews, Universitat de Valencia, and the University of Veterinary Medicine Vienna. The study data was collected in 2022 during the Omicron surge of the COVID-19 pandemic, with participants generously opening their homes to researchers, highlighting the growing public interest and engagement in citizen science.

This research was supported in part by a UC San Diego Academic Senate Research Grant (RG103503).
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Breaking open the AI black box, team finds key chemistry for solar energy and beyond | ScienceDaily
Artificial intelligence is a powerful tool for researchers, but with a significant limitation: The inability to explain how it came to its decisions, a problem known as the "AI black box." By combining AI with automated chemical synthesis and experimental validation, an interdisciplinary team of researchers at the University of Illinois Urbana-Champaign has opened up the black box to find the chemical principles that AI relied on to improve molecules for harvesting solar energy.


						
The result produced light-harvesting molecules four times more stable than the starting point, as well as crucial new insights into what makes them stable -- a chemical question that has stymied materials development.

The interdisciplinary team of researchers was co-led by U. of I. chemistry professor Martin Burke, chemical and biomolecular engineering professor Ying Diao, chemistry professor Nicholas Jackson and materials science and engineering professor Charles Schroeder, in collaboration with along with University of Toronto chemistry professor Alan Aspuru-Guzik. They published their results in the journal Nature.

"New AI tools have incredible power. But if you try to open the hood and understand what they're doing, you're usually left with nothing of use," Jackson said. "For chemistry, this can be very frustrating. AI can help us optimize a molecule, but it can't tell us why that's the optimum -- what are the important properties, structures and functions? Through our process, we identified what gives these molecules greater photostability. We turned the AI black box into a transparent glass globe."

The researchers were motivated by the question of how to improve organic solar cells, which are based on thin, flexible materials, as opposed to the rigid, heavy, silicon-based panels that now dot rooftops and fields.

"What has been hindering commercialization of organic photovoltaics is problems with stability. High-performance materials degrade when exposed to light, which is not what you want in a solar cell," said Diao. "They can be made and installed in ways not possible with silicon and can convert heat and infrared light to energy as well, but the stability has been a problem since the 1980s."

The Illinois method, called "closed-loop transfer," begins with an AI-guided optimization protocol called closed-loop experimentation. The researchers asked the AI to optimize the photostability of light-harvesting molecules, Schroeder said. The AI algorithm provided suggestions about what kinds of chemicals to synthesize and explore in multiple rounds of closed-loop synthesis and experimental characterization. After each round, the new data were incorporated back into the model, which then provided improved suggestions, with each round moving closer to the desired outcome.




The researchers produced 30 new chemical candidates over five rounds of closed-loop experimentation, thanks to building block-like chemistry and automated synthesis pioneered by Burke's group. The work was done at the Molecule Maker Lab housed in the Beckman Institute for Advanced Science and Technology at the U. of I.

"The modular chemistry approach beautifully complements the closed-loop experiment. The AI algorithm requests new data with maximized learning potential, and the automated molecule synthesis platform can generate the new required compounds very quickly. Those compounds are then tested, the data goes back into the model, and the model gets smarter -- again and again," said Burke, who also is a professor in the Carle Illinois College of Medicine. "Until now, we've been largely focused on structure. Our automated modular synthesis now has graduated to the realm of exploring function."

Instead of simply ending the query with the final products singled out by the AI, as in a typical AI-led campaign, the closed-loop transfer process further sought to uncover the hidden rules that made the new molecules more stable.

As the closed-loop experiment ran, another set of algorithms was continuously looking at the molecules made, developing models of chemical features predictive of stability in light, Jackson said. Once the experiment concluded, the models provided new lab-testable hypotheses.

"We're using AI to generate hypotheses that we can validate to then spark new human-driven campaigns of discovery," Jackson said. "Now that we have some physical descriptors of what makes molecules photostable, that makes the screening process for new chemical candidates dramatically simpler than blindly searching around chemical space."

To test their hypothesis about photostability, the researchers investigated three structurally different light-harvesting molecules with the chemical property they identified -- a particular high-energy region -- and confirmed that choosing the proper solvents made the molecules up to four times more light-stable.

"This is a proof of principle for what can be done. We're confident we can address other material systems, and the possibilities are only limited by our imagination. Eventually, we envision an interface where researchers can input a chemical function they want and the AI will generate hypotheses to test," Schroeder said. "This work could only happen with a multidisciplinary team, and the people, resources and facilities we have at Illinois, and our collaborator in Toronto. Five groups came together to generate new scientific insight that would not have been possible with any one of the sub teams working in isolation."

This work was supported by the Molecule Maker Lab Institute, an AI Research Institutes program supported by the U.S. National Science Foundation under grant no. 2019897 .
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Moths may use disco gene to regulate day/night cycles | ScienceDaily
How does one species become two? If you're a biologist, that's a loaded question. The consensus is that, in most cases, the process of speciation occurs when individuals from a single population become geographically isolated. If they remain separate long enough, they lose the ability to interbreed.


						
A new study published in the journal Proceedings of the Royal Society B: Biological Sciences demonstrates what happens when a less common form of speciation occurs. Rather than being separated by a physical barrier, such as a mountain range or an ocean, members of a species can become separated in time.

The researchers focused on two closely related moth species with overlapping ranges in the southeastern United States.

"These two are very similar," said lead author Yash Sondhi, who conducted research for the study while working at Florida International University and later at the Florida Museum of Natural History. "They've differentiated along this one axis, which is when they fly."

Rosy maple moths, in the genus Dryocampa, look like what you'd get if Roald Dahl painted something from a fever dream. They bear a thick lion's mane above their head and abdomen, and their vibrant scales are the color of strawberry and banana taffy. Both male and female rosy moths fly exclusively at night.

Pink-striped oakworm moths, in the genus Anisota, are less flashy, with subtle grades of ochre, umber and marl. While females of this species are active at dusk and early evening, the males prefer to fly during the day.

Sondhi knew from previous research that these two groups, Dryocampa and Anisota, originated from a single species approximately 3.8 million years ago, which is relatively recent on evolutionary time scales. There's a handful of species in the genus Anisota, all of which are active during the day. The nocturnal rosy maple moths are the only species in the genus Dryocampa.




Sondhi specializes in the biology of insect vision and saw the moth pair as the perfect opportunity to explore how vision evolves when a species switches up its pattern of activity.

But things didn't go as planned.

"I went in looking for differences in color vision. Instead, we found differences in their clock genes, which in hindsight makes sense," Sondhi said.

Clock genes control the circadian rhythm of plants and animals. The ebb and flow of the proteins they create causes cells to become either active or dormant over a period of roughly 24 hours. They affect everything from metabolism and cell growth to blood pressure and body temperature.

For any organism reversing its pattern of activity, clock genes are virtually guaranteed to be involved. "It's a system that's been retained in everything from fruit flies to mammals and plants. They all have some kind of time-keeping mechanism," he said.

Sondhi compared the transcriptomes of the two moths. Unlike genomes, which contain the entirety of an organism's DNA, transcriptomes contain only the subset of genetic material that is being actively used to make proteins. This makes them useful for exploring differences in protein levels throughout the day.




As expected, Sondhi found a number of genes that were expressed in different quantities in the two moth species. Nocturnal rosy maple moths invested more energy in their sense of smell, whereas the day-flying oakworm moth produced more genes associated with vision.

There were, however, no differences in the genes that confer the ability to see color. That doesn't necessarily mean that their color vision is identical, but if differences do exist, they are likely at the level of tuning and sensitivity and not in the structure of the genes themselves.

There was an additional gene that stood out. Disconnected, or disco, was expressed at different levels during the day and night in both species. In fruit flies, disco is known to indirectly influence circadian rhythms through the production of neurons that transmit clock enzymes from the brain to the body.

The disco gene Sondhi found in his moth samples was twice the size of its fruit fly counterpart, and it had additional zinc fingers -- active portions of a gene that directly interacts with DNA, RNA and proteins. It seemed likely that changes in the disco gene were at least partially responsible for the switch to night-flying in rosy maple moths.

When he compared the disco gene of rosy maple moths with the one in oakworms, he found 23 mutations that made each distinct from the other. The mutations were also located in active portions of the gene, meaning they likely contribute to observable physical differences between the moths. Sondhi was looking at evolution in action.

"If this is functionally confirmed, this is a really concrete example of the mechanism behind how they speciated at the molecular level, which is rare to come by," he said.

The study is also an important push for a better understanding of the various ways in which life sustains and propagates itself. When genetics first became a field of study, researchers focused most their efforts on a few representative species, such as fruit flies or lab mice. This was done primarily for the sake of expediency, but it limits how much we know about broad biological patterns. Just as a human is not a lab mouse, a moth is not a fruit fly.

"As species continue to decline due to climate change and other anthropogenic changes, we'll need to genetically engineer a greater number of the ones that remain to enable drought tolerance, for example, or to be active in light polluted regimes. To do that consistently, having a broader pool of functionally characterized genes across organisms is crucial. We can't just use Drosophila," Sondhi said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240828114435.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Pollution affect the growth and behavior of aquatic organisms | ScienceDaily
The latest research at the University of Jyvaskyla, Finland, reveals that size-based selection, like in fishing, may impact the stress tolerance of fish, which in turn has a significant impact on the condition and coping of fish in changing environments. The study proved that long-term exposure to manganese sulphate (MnSO4), which is a common aquatic pollutant from mining, hampers the growth and alters behaviour of zebra fish.


						
As we know, fishing is focused on middle-sized and large individuals through lower limit and fishing equipment restrictions, which often favours a fast life-cycle in target species. JYU researchers found that zebra fish with different life-history traits react differently to chronic exposure to manganese sulphate (MnSO4).

"In our research," explains Academy Research Fellow Silva Uusi-Heikkila from the University of Jyvaskyla, "we concentrated on two life-history types: fast-growing fish characterised by rapid juvenile growth, early maturation, and smaller size, versus slowly growing fish characterised by slower juvenile growth, later maturation and greater size."

Considering fish life-history types in conservation 

The findings show that MnSO4 exposure slows down the growth of zebra fish and lowers their condition factor, which is an indicator of well-being. However, the scope of impacts varies by life-history types. Fish with the fast life-history strategy were more sensitive to MnSO4, as they grew more slowly when exposed to high concentrations. In addition, they had a lower condition factor, and they ate less than their conspecifics with a slow life-history strategy.

"Our findings show that manganese sulphate may deteriorate the growth and stress coping of fish, and that variation in life-history traits may play a crucial role in modifying the stress tolerance of individuals," Uusi-Heikkila says. "This study underlines that it is important to take population life-history traits into account in environmental risk assessments and protection strategies and also to consider the combined effects of fishing and environmental factors on fish populations."

Additional information for the review of emissions and environmental effects 

The study provides valuable information on how pollutants like manganese sulphate ending up in the aquatic environment can affect aquatic organisms in various ways based on their life-history strategies.

"These findings have significant effects when we wish to get insight into the viability and adaptability of fish populations in polluted habitats," Uusi-Heikkila states.

The study was conducted as part of research funding by the Emil Aaltonen Foundation granted to Professor Anna Kuparinen and her research team.
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Protect your teeth with fruit: antimicrobial effects found in biomass compounds | ScienceDaily
Periodontal disease is an inflammatory disease caused by a periodontal pathogenic bacteria infection that affects oral and internal health. Good oral care is essential for prevention, but most over-the-counter oral hygiene products are disinfectants that can be highly irritating. This makes them unsuitable for use by young children and the elderly, who are susceptible to periodontal disease.


						
To find an antibacterial that is easy to use and effective in preventing periodontal disease at all ages, Professor Shigeki Kamitani of Osaka Metropolitan University's Graduate School of Human Life and Ecology led a research team in verifying the antibacterial effect of seven different compounds. Prunin laurate (Pru-C12) and its analogs were tested against the periodontal pathogenic bacteria, Porphyromonas gingivalis.

The results showed that while several of the compounds inhibited bacterial growth, Pru-C12, which can be derived from biomass such as that of citrus plants and coconut-derived components, had the highest antimicrobial effect.

"Pru-C12 is tasteless and hypoallergenic," Professor Kamitani stated. "If its safety in humans is confirmed in the future, it could be an inexpensive antimicrobial solution."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240828114424.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Listen up: New insights into little penguins' sensitivity to noise | ScienceDaily
Curtin University researchers have used state-of-the-art imaging technology to shed light on the hearing sensitivity of Australian Little Penguins and the danger of marine noise pollution.


						
Supported by the Western Australian Marine Science Institution's Westport program, the study is the first to detail how Little Penguins, also known as fairy penguins, perceive sound both in air and under water.

Study lead Dr Chong Wei, from Curtin's Centre for Marine Science and Technology, said Little Penguins are particularly vulnerable to human-made noise as their habitats often overlap with shipping lanes, recreational activities and coastal developments.

"Ocean noise pollution is steadily increasing and this is particularly concerning for Little Penguins whose populations are significantly declining," Dr Wei said.

"We know very little about the impact of this noise on penguin hearing. To address this, we created 3D digital models using microCT scans of the heads of three Little Penguins that had died naturally at Garden Island to simulate what they can hear at different frequencies.

"Units of frequency are called hertz (Hz) and these 3D models revealed that Little Penguins can hear sounds across a broad range between 200 and 6,000 Hz under water, similar to other diving birds like the Great Cormorant.

"Vessel noise typically ranges from 20 to 10,000 Hz, as does pile driving."

Co-author John Curtin Distinguished Professor Christine Erbe, from Curtin's Centre for Marine Science and Technology, said the research findings are valuable for marine conservation efforts.




"Continuous exposure to high noise levels from passing vessels and near-shore construction might increase stress and interfere with Little Penguin behaviours such as feeding," Professor Erbe said.

"Understanding their hearing range helps us identify potentially harmful noise frequencies and the results can inform management plans aimed at reducing the impact of noise pollution."

The research titled "Sound reception and hearing capabilities in the Little Penguin (Eudyptula minor): first predicted in-air and underwater audiograms" has been published in the journal Royal Society Open Science and can be found here.
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Bats are surviving and thriving on nothing but sugar | ScienceDaily
Humans must regulate blood sugar concentrations to stay healthy and to fuel our cells. Too little or too much can cause serious health complications, and high blood sugar is a hallmark of the metabolic condition, diabetes. New research from the Stowers Institute for Medical Research may enable potential solutions to metabolic disease by turning to evolution and to bats.


						
Recently published in Nature Ecology and Evolution on August 28, 2024, the study led by co-first authors Postdoctoral Research Associate Jasmin Camacho, Ph.D., and former Stowers researcher Andrea Bernal-Rivera from the lab of Stowers Associate Investigator Nicolas Rohner, Ph.D., reports the highest naturally occurring blood sugar concentrations in mammals ever observed, a finding that suggests bats have evolved strategies to survive, and even thrive, with this extreme trait.

"Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats," said Camacho. "We are seeing a new trait we didn't know was possible."

Thirty million years ago, the Neotropical leaf-nosed bat survived solely on insects. Since then, these bats have diversified into many different species by changing what they eat. From insects, different lineages now specialize on diets ranging from fruits, nectar, meat, and everything in between -- even just blood.

"Looking to animals that have existed for millions of years allows us to start to catalog changes that have happened over evolution," said Camacho. "What makes Neotropical leaf-nosed bats so unique to study is that this group is comprised of many different species with very diverse diets, making it feasible to find answers about how diet evolves. The hope is that we can extend this understanding to other mammals, including humans, where there may be ways to learn how to better protect our own health."

To uncover how bats diversified their diets, the team traveled to the jungles of Central America, South America, and the Caribbean to conduct fieldwork over several years. These catch-and-release expeditions were focused on performing glucose tolerance tests -- measuring the concentration of sugar in blood -- on nearly 200 wild-caught bats across 29 species after a single feeding of one of three types of sugars associated with diets of insects, fruits, or nectar.

"We saw various ways sugar is assimilated -- absorbed, stored and used in the body -- and how this process has become specialized due to different diets," said Bernal-Rivera.




The mechanism for maintaining blood sugar levels within a narrow, healthy range is called glucose homeostasis, which is typically regulated by the hormone insulin and is what goes awry in diabetes. Different species of leaf-nosed bats reveal a spectrum of adaptations to glucose homeostasis, ranging from changes in intestinal anatomy to genetic alterations for proteins that transport sugar from blood to cells.

"Fruit bats have honed their insulin signaling pathway to lower blood sugar," said Camacho. "On the other extreme, nectar bats can tolerate high blood glucose levels, similar to what is observed in people with unregulated diabetes. They have evolved a different mechanism, and it does not seem to depend on insulin."

Although precisely how nectar bats are managing glucose is still under investigation, the researchers found potential clues for alternative metabolic strategies for glucose regulation. Bats with sugar-rich diets were observed to have longer portions of their intestines and to have intestinal cells with greater surface areas for absorbing nutrients from food, compared to bats with other diets. In addition, nectar bats, unique from fruit bats, have a continual expression of a gene responsible for sugar transport, a trait also observed in a species of hummingbird.

"This study establishes extremely important resources for the field," said Nadav Ahituv, Ph.D., a bioengineering and genetics professor at the University of California, San Francisco. "It provides not only metabolic characteristics of various bat species with different diets, but also their intestinal morphology, and candidate genomic regions and protein structural differences that could be driving dietary adaptations."

"The datasets will fuel future research that aims to differentiate mammalian dietary differences and could progress the development of novel therapeutics for a variety of metabolic diseases in humans," said Ahituv.

Additional authors include Valentina Pena, Sofia Robb, Ph.D., Jonathon Russell, Kexi Yi, Ph.D., Yongfu Wang, Ph.D., Dai Tsuchiya, Ph.D., and Oscar Murillo-Garcia, Ph.D. 

This work was supported by the National Science Foundation's Postdoctoral Research Fellowships in Biology (award: 2109717), the Burroughs Wellcome Fund Postdoctoral Diversity Enrichment Program (award: G-1022339), the Howard Hughes Medical Institute Hanna H. Gray Fellows Program (award: GT15991), and by institutional support from the Stowers Institute for Medical Research. A portion of fieldwork performed for this study was supported by Contribucion a la conservacion del Bosque seco Tropical del Valle del Cauca (CVC permit: 1122) from the Institute for Research and Preservation of the Cultural and Natural Heritage of Valle del Cauca. 
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Study finds limits to storing CO2 underground to combat climate change | ScienceDaily
Imperial research has found limits to how quickly we can scale up technology to store gigatonnes of carbon dioxide under the Earth's surface.


						
Current international scenarios for limiting global warming to less than 1.5 degrees by the end of the century rely on technologies that remove carbon dioxide (CO2) from the Earth's atmosphere faster than humans release it. This means removing CO2 at a rate of 1-30 gigatonnes per year by 2050.

However, estimates for the speed at which these technologies can be deployed have been highly speculative. Now, findings from a new study led by Imperial College London researchers show that existing projections are unlikely to be feasible at the current rate of growth.

The study found that it might be possible by 2050 to store up to 16 gigatonnes of CO2 underground each year. However, reaching this target would require a huge increase in storage capacity and scaling over the coming decades, which is not anticipated given the current pace of investment, development and deployment.

With the UK Government aiming to position Britain as a clean energy superpower and scale up and invest in carbon capture and storage, the study underscores the importance of aligning ambitious initiatives with realistic objectives for how quickly CO2 can be safely stored underground.

The results are published today in Nature Communications.

Realistic goals

The team from Imperial's Department of Earth Science and Engineering created models showing how quickly carbon storage systems can be developed and deployed, accounting for the availability of suitable geology, and technical and economic limitations to growth.




While the results suggest it is possible to reduce CO2 emissions at a huge scale, they also suggest that the path to achieving this and the contribution from key regions might differ from what current models project, including those from Intergovernmental Panel on Climate Change (IPCC) reports.

Lead author Yuting Zhang, from Imperial's Department of Earth Science and Engineering, said: "There are many factors at play in these projections, including the speed at which reservoirs can be filled as well as other geological, geographical, economic, technological, and political issues. However, more accurate models like the ones we have developed will help us understand how uncertainty in storage capacity, variations in institutional capacity across regions, and limitations to development might affect climate plans and targets set by policymakers."

Co-author Dr Samuel Krevor, also from Imperial's Department of Earth Science and Engineering, said: "Although storing between six to 16 gigatonnes of CO2 per year to tackle climate change is technically possible, these high projections are much more uncertain than lower ones. This is because there are no existing plans from governments or international agreements to support such a large-scale effort.

"However, it's important to keep in mind that five gigatonnes of carbon going into the ground is still a major contribution to climate change mitigation. Our models provide the tools to update current projections with realistic goals for how and where carbon storage should be developed in the next few decades."

Existing projections unlikely to be feasible

In their analysis, the researchers found that the IPCC included results from integrated assessment models (IAMs) -- tools combining different sources of information to predict how carbon storage methods can impact our climate and economy -- that often overestimate how much CO2 can be stored underground.




In particular, the analysis suggests that projections from IPCC reports for Asian countries including China, Indonesia and South Korea, where current development is low, assumed unrealistic rates of deployment -- which means existing projections are unlikely and unreliable.

Co-author Professor Christopher Jackson, also from Imperial's Department of Earth Science and Engineering, said: "While integrated assessment models play an important role in helping climate policymakers make decisions, some of the assumptions they make when it comes to storing large amounts of carbon underground appear unrealistic."

Global benchmark

The team's calculations suggest that a more realistic global benchmark is in the range of 5-6 gigatonnes of storage per year by 2050. This estimate aligns with how existing, similar technologies have been scaled up over time.

Their modelling approach uses growth patterns observed in real-world data from different industries, including mining and renewable energy. By looking at how these industries have grown in the past, and combining existing amounts of stored CO2 with a flexible framework to explore different scenarios, the new approach offers a reliable way to make attainable, long-term projections for underground CO2 storage and could be a valuable tool for policymakers.

Dr Krevor said: "Our study is the first to apply growth patterns from established industries to CO2 storage. Existing predictions rely on speculative assumptions, but by using historical data and trends from other sectors within the industry, our new model offers a more realistic and practical approach for predicting how quickly carbon storage can be scaled up -- helping us set more attainable targets."

This study was funded by Engineering & Physical Sciences Research Council (EPSRC, part of UK Research and Innovation, UKRI) and the Royal Academy of Engineering.
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Rain or shine? How rainfall impacts size of sea turtle hatchlings | ScienceDaily
Female sea turtles lay their eggs, cover the nest with sand and then return to the ocean, leaving them to develop and hatch on their own. From nest predators to rising temperatures, odds of survival are bleak. Once hatched and in the ocean, about one in 1,000 make it to adulthood.


						
Hatchling size matters. Larger hatchlings, which move faster, are more likely to survive because they spend less time on risky beach sands.

Research shows that both air and sand temperatures crucially impact sea turtle hatchlings. Cooler temperatures produce larger, heavier hatchlings with more males, while warmer temperatures accelerate hatching and offer predator protection. For endangered loggerhead (Caretta caretta) and green (Chelonia mydas) sea turtles, cooler and moister conditions result in stronger hatchlings. However, rising temperatures might shorten incubation periods, and erratic rainfall can disrupt growth, potentially affecting survival.

Balancing temperature and moisture is vital for the health of these vulnerable sea turtles. Too much moisture can be deadly for embryos.

An internationally collaborative study by Florida Atlantic University and led by the University of Tubingen in Germany, delves into how fluctuating rainfall impacts the development of sea turtle hatchlings, revealing that it has a more profound effect than changes in air temperature.

The research, which spans data from 37 beaches worldwide -- a longitudinal study in Florida, and experimental studies on the Cape Verde Islands -- shows that precipitation plays a crucial role in determining hatchling body size. Rainfall cools the beach surface and enhances the moisture needed for egg development, making it a better predictor of body size than temperature.

Results of the study, published in BMC Ecology and Evolution, reveal that the impact of rainfall varies between species. For loggerhead turtles, heavier rainfall results in hatchlings with smaller carapaces (shell) but greater weight, while green turtle hatchlings grow smaller carapaces without a change in body mass.




"Findings from our study highlight the need for more localized data on how regional weather influences incubation and hatchling development," said Jeanette Wyneken, Ph.D., co-author and professor, Department of Biological Sciences, FAU Charles E. Schmidt College of Science. "These data are essential for refining conservation strategies to protect sea turtles amidst global warming."

The study started with data from Boca Raton, comparing hatchling size (length, width, and mass) with local climate factors. Next, data were collected from 19 beaches with loggerhead hatchlings and 17 beaches with green turtle hatchlings. A third part of the study looked at hatchlings in Cabo Verde after a few days of rain during their dry season to see how precipitation affected their size.

In the Mediterranean, particularly on the beaches of Cyprus and Turkey, the dry season brings very little rain from the North Atlantic. For green turtles in these drier areas, the effects of precipitation become noticeable only after the dry season ends. In Florida, however, precipitation levels stay fairly consistent throughout the nesting season due to local weather patterns, though droughts and heatwaves typically occur in July and October.

"It's not clear exactly how rain affects hatchling size," said Wyneken. "One idea is that rain cools the nests, which can change the temperature and impact the sex ratio of the hatchlings. This could lead to differences in hatchling size and shape, similar to how male and female hatchlings of other turtles, like the giant river turtle, have different shell shapes."

As climate change shifts rainfall patterns -- making wet areas wetter and dry areas drier -- the impact on sea turtle nesting sites suggests that global conservation strategies for loggerhead and green sea turtles likely need to be updated.

"Effective management units for conservation should focus on regularly updating and including important nesting sites, highlighting the importance of local conservation efforts," said Wyneken. "Analyzing local data from various nesting sites is crucial for understanding sea turtle nesting patterns. These local databases should be made more accessible and widely shared to improve our knowledge and support local conservation efforts."

Study co-authors are first author Omar Rafael Regalado Fernandez, Ph.D., University of Tubingen; Parima Parsi-Pour, The Humboldt University of Berlin; John A. Nyakatura, Ph.D., The Humboldt University of Berlin; and Ingmar Werneburg, Ph.D., University of Tubingen.

The research is supported by the German Research Foundation (Deutsche Forschungsgemeinschaft WE 5440/6-1).
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Love is blind for male fruit flies who will choose sex over safety | ScienceDaily
Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex, new research shows.


						
Researchers at the University of Birmingham have shown that pursuit of a coveted reward -- in this case a female fly -- will cause a male fruit fly to ignore threats such as predation.

In the study, published today (28 Aug) in Nature, the team was able to show for the first time the neural networks in the fly's brain that direct this decision-making process, revealing the neurotransmitter dopamine has a leading role to play.

Lead researcher Dr Carolina Rezaval said: "Every day we make decisions that require us to balance opportunities and risk -- but we know little about what is happening in our brains as we make these choices.

"By studying the neural pathways that are activated in the brains of fruit flies we can find out more about these processes. As the fly pursues his courtship and is close to mating, we can clearly see that when a threat is introduced, he simply does not see it."

In their experiment, the researchers used two-photon microscopy to look at which neurons in the fly's brain were activated during the courtship. The team introduced an artificial threat using light and shadow to simulate the effect of a predator flying nearby.

Dr Laurie Cazale-Debat, a leading researcher in Rezaval's group at the University of Birmingham, said: "During earlier stages of courtship, we found the presence of threat triggered certain visual neurons in the brain that interfere with neurons governed by serotonin. This prompts flies to abandon their courtship and escape the threat.




"As the courtship advances, however, the increase in dopamine blocks key sensory pathways, reducing the ability of the fly to respond to threat and causing it to focus on mating."

Dr Rezaval explains: "The animal must decide about what is most important. Dopamine is key to this decision-making process, but the levels of dopamine are closely related to the proximity of the goal -- how likely is success?

"You can see this kind of motivation at play all the time among humans. Imagine you're climbing a mountain and you're close to the summit," added Dr Lisa Scheunemann, a group leader from Freie Universitat Berlin and key contributor to the study. "If the weather changes and conditions become dangerous you might disregard that threat because you are so close to your goal."

Dr Rezaval concludes: 'Our study shows that as courtship progresses, dopamine increases, acting as a sensory filter that blocks distractions and helps the animal focus on the task at hand when close to its goal. We are excited to explore if this is a general decision-making mechanism that is also present in mammals, including humans."

This work was done in collaboration with Dr Lisa Scheunemann (Freie Universitat Berlin), Dr David Owald's group (Charite -- Universitatsmedizin Berlin) and Dr Andrew Lin's group (University of Sheffield). The research was supported by the Biotechnology and Biological Sciences Research Council, The Leverhulme Trust, Marie Sk?odowska-Curie Actions, German Research Foundation (DFG), European Research Council, and Wellcome Trust.
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Prioritizing the unexpected: New brain mechanism uncovered | ScienceDaily
Researchers have discovered how two brain areas, neocortex and thalamus, work together to detect discrepancies between what animals expect from their environment and actual events. These prediction errors are implemented by selective boosting of unexpected sensory information. These findings enhance our understanding of predictive processing in the brain and could offer insights into how brain circuits are altered in autism spectrum disorders (ASDs) and schizophrenia spectrum disorders (SSDs).


						
The research, published today in Nature, outlines how scientists at the Sainsbury Wellcome Centre at UCL studied mice in a virtual reality environment to take us a step closer to understanding both the nature of prediction error signals in the brain as well as the mechanisms by which they arise.

"Our brains constantly predict what to expect in the world around us and the consequences of our actions. When these predictions turn out wrong, this causes strong activation of different brain areas, and such prediction error signals are important for helping us learn from our mistakes and update our predictions. But despite their importance, surprisingly little is known about the neural circuit mechanisms responsible for their implementation in the brain," explained Professor Sonja Hofer, Group Leader at SWC and corresponding author on the paper.

To study how the brain processes expected and unexpected events, the researchers placed mice in a virtual reality environment where they could navigate along a familiar corridor to get to a reward. The virtual environment enabled the team to precisely control visual input and introduce unexpected images on the walls. By using a technique called two-photon calcium imaging, the researchers were able to record the neural activity from many individual neurons in primary visual cortex, the first area in our neocortex to receive visual information from the eyes.

"Previous theories proposed that prediction error signals encode how the actual visual input is different from expectations, but surprisingly we found no experimental evidence for this. Instead, we discovered that the brain boosts the responses of neurons that have the strongest preference for the unexpected visual input. The error signal we observe is a consequence of this selective amplification of visual information. This implies that our brain detects discrepancies between predictions and actual inputs to make unexpected events more salient" explained Dr Shohei Furutachi, Senior Research Fellow in the Hofer and Mrsic-Flogel labs at SWC and first author on the study.

To understand how the brain generates this amplification of the unexpected sensory input in the visual cortex, the team used a technique called optogenetics to inactivate or activate different groups of neurons. They found two groups of neurons that were important for causing the prediction error signal in the visual cortex: vasoactive intestinal polypeptide (VIP)-expressing inhibitory interneurons in V1 and a thalamic brain region called the pulvinar, which integrates information from many neocortical and subcortical areas and is strongly connected to V1. But the researchers found that these two groups of neurons interact in a surprising way.

"Often in neuroscience we focus on studying one brain region or pathway at a time. But coming from a molecular biology background, I was fascinated by how different molecular pathways synergistically interact to enable flexible and contextual regulation. I decided to test the possibility that cooperation could be occurring at the level of neural circuits, between VIP neurons and the pulvinar," explained Dr Furutachi.




And indeed, Dr Furutachi's work revealed that VIP neurons and pulvinar act synergistically together. VIP neurons act like a switch board: when they are off, the pulvinar suppresses activity in the neocortex, but when VIP neurons are on, the pulvinar can strongly and selectively boost sensory responses in the neocortex. The cooperative interaction of these two pathways thus mediates the sensory prediction error signals in visual cortex.

The next steps for the team are to explore how and where in the brain the animals' predictions are compared with the actual sensory input to compute sensory prediction errors and how prediction error signals drive learning. They are also exploring how their findings could help contribute to understanding ASDs and SSDs.

"It has been proposed that ASDs and SSDs both can be explained by an imbalance in the prediction error system. We are now trying to apply our discovery to ASDs and SSDs model animals to study the mechanistic neural circuit underpinnings of these disorders," explained Dr Furutachi.

This research was funded by the Sainsbury Wellcome Centre Core Grant from the Gatsby Charity Foundation and Wellcome (219627/Z/19/Z and 090843/F/09/Z); a Wellcome Investigator Award (219561/Z/19/Z); the Gatsby Charitable Foundation (GAT3212 and GAT3361); the Wellcome Trust (090843/E/09/Z and 217211/Z/19/Z); European Research Council (HigherVision 337797; NeuroV1sion 616509); the SNSF (31003A 169525); Biozentrum core funds (University of Basel).
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Aoudad, bighorn sheep share respiratory pathogens | ScienceDaily
A team of researchers at the Texas A&M College of Veterinary Medicine and Biomedical Sciences (VMBS) has discovered that aoudad -- an animal in the sheep and goat family -- can catch and spread many of the same respiratory pathogens that can impact desert bighorn sheep, a native species in Texas that often shares its habitat with aoudad.


						
The new research, recently published in the journal PLOS ONE, will help wildlife conservationists better understand the complex relationship between these two species and promote the management of both species. The project was made possible thanks to funding from the Wild Sheep Foundation and support from the Texas Parks & Wildlife Department.

Aoudad (pronounced "AH-dad") originated in North Africa and were introduced to Texas for hunting opportunities in the late 1950s. Some wildlife experts estimate that there could be as many as 40,000 living in the state.

"There isn't much research about disease transmission between Texas aoudad and native species like bighorn sheep. This makes it difficult for wildlife experts to monitor diseases and preserve animal populations," said Dr. Logan Thomas, an assistant professor at Kansas State University and former postdoctoral researcher under Dr. Walter Cook, a clinical associate professor in the VMBS' Department of Veterinary Pathobiology.

"If we can measure the disease exposure in both species, we can start to understand how they might affect each other," he said. "By analyzing samples from both kinds of animals, we were ultimately able to determine that they too can carry and transmit the same respiratory illnesses."

It Takes Two

Both aoudad and bighorn sheep are important animals for Texas wildlife conservation and the state's economy. In West Texas, both animals are hunted as game, and some landowners make a significant portion of their income by charging hunters a fee to hunt on their land.




"Aoudad, in particular, are economically valuable for hunting opportunities," Thomas said. "Since they're a non-native species, there are no season or bag limits, which is very attractive to hunters."

While bighorn sheep are also a favorite game animal among hunters, they require intensive management in Texas to keep their population numbers sustainable.

The respiratory diseases, including pneumonia, that both species can share have already wreaked havoc on bighorn populations, raising concerns among experts about what these diseases could do to aoudad, in addition to worsening the situation for bighorns.

"When there are outbreaks of these diseases in bighorn sheep, we usually see two waves of population decline," Thomas said. "There's a decline in all age groups when the outbreak first happens. Then there's another wave after the lambs are born -- many of them don't survive because they haven't been exposed to the disease and therefore lack an immune response like the older bighorns have."

Complicating the problem is that some adult bighorns will carry the disease for several years after the initial outbreak, which means that the population may never have a chance to recover its numbers.

"We've known about this cycle in bighorn sheep for a while now, but no one had studied whether the same thing could happen in aoudad or if the two species could spread these pathogens back and forth," he said. "We don't suspect that it will be a significant health problem for aoudad, but we aim to learn more as we continue our research."

Keeping A Close Watch




Now that the researchers have confirmed that aoudad can carry the same respiratory pathogens as bighorn sheep, wildlife experts can start to monitor disease transmission within and between those populations.

"Based on previous reports about this family of diseases, it's also possible that they could spread to mule deer, which would complicate things further," Thomas said. "We're very interested in studying that in the future as well as how these diseases affect aoudad populations, since they haven't received as much research attention on this as native species.

"Ultimately, we want all of these animal populations to thrive within a well-managed balance in Texas," Thomas said. "Disease monitoring is one way we can take steps to make that happen."
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Work toward a cleaner way to purify critical metals | ScienceDaily
Rare-earth elements are everywhere in modern life, found in everything from the smart device you're reading this on to the LED lightbulbs overhead and neodymium magnets in electric vehicles and wind turbines.


						
However, purifying these critical metals from ores with complex mixtures is a nasty business involving strong acids and hazardous solvents, and is primarily conducted in China. Over the past three years, a team of researchers from Sandia National Laboratories has been pioneering an environmentally friendly method to separate these rare-earth elements from watery mixtures.

Initially, the team made and modified tinker-toy-like molecules called metal-organic frameworks or MOFs to test their ability to adsorb these vital metals. They then used computer simulations and X-ray-based experiments to investigate how the rare-earth elements interact with the synthesized "sponges." The team's ultimate goal is to design sponges that selectively absorb one rare earth metal while excluding others. Their findings were recently published in a series of scientific papers, including one in the scientific journal ACS Applied Materials and Interfaces on August 26.

"We synthesized MOFs with variable surface chemistry and were able to show through adsorption experiments that these MOFs can pick out rare-earth elements from a mixture of other metals," said Anastasia Ilgen, a Sandia geochemist and project lead. "They are more selective for the rare earths -- that's good. Importantly, we illustrated that their ability to pick out metals can be fine-tuned by adding chemical groups on their surfaces."

Synthesizing stable sponges

The researchers selected two zirconium-based tinker-toy-like MOFs for the project. These MOFs are highly stable in water and easily adjustable, according to Dorina Sava Gallis, a Sandia materials chemist involved in the project.

MOFs consist of metal "hubs" and carbon-based linker "rods," which can be interchanged to create nanosized "sponges" with different properties. Also, chemists can add different chemical groups within MOFs to modify their properties or engineer structures with missing rods, Sava Gallis said.




In their study, published in the scientific journal Chemical Communications, Sava Gallis and her team experimented with two types of MOFs featuring zirconium hubs. They attached new chemical groups to the linkers in one MOF building block, while attaching them to the metal hub in another.

The team found that the MOFs with missing linkers bound more of the two rare-earth elements compared to those without missing linkers, as expected. The addition of an amino group to the linker had minimal impact on the adsorption of any of the metals. However, incorporating a negatively charged chemical group called phosphonate into the linker improved the adsorption of all the metals. Interestingly, in the MOF structure where the chemical groups were attached to the metal hubs, the additional chemical groups did not make much of a difference on the adsorption of the rare-earth elements. However, they greatly increased the selectivity for nickel over cobalt, Sava Gallis said.

"We are seeing that both approaches we implemented effectively tune the selectivity for different ions," Sava Gallis said. "We're looking into designing new materials, combining the knowledge we have gained from studying these two material systems, to intentionally tailor the adsorption selectivity for each metal of interest."

Modeling molecular interactions

To further guide the design of MOFs selective for specific rare-earth metals, Sandia computational materials scientist Kevin Leung used two different computer modeling techniques. First, he conducted molecular dynamics simulations to understand the environment of rare-earth elements in water, with or without other chemicals, or within a MOF structure. Then he performed detailed density functional theory modeling to calculate the energy for 14 rare-earth elements from cerium to lutetium going from water to a binding site with various surface chemistries. These findings were published in Physical Chemistry Chemical Physics.

Consistent with the earlier experimental work, Leung found that rare-earth elements do not exhibit a preference for binding with amines over water. However, they do show a preference for negatively charged chemicals like sulfate or phosphate compared to water. Leung found this preference is stronger for heavier rare-earth elements such as lutetium compared to lighter elements like cerium and neodymium.




The goal was to find a chemical that would allow them to select one metal, but unfortunately everything modeled had a uniform trend, Leung said. He hypothesized that combining a slightly positively charged surface chemical with a negatively charged surface chemical would be able to select for one metal. However, this approach has not yet been attempted.

X-ray illumination and next steps

To see precisely how the rare-earth metals interact with MOFs, Ilgen used X-ray spectroscopy to examine the chemical environment of three rare-earth elements in zirconium-based MOFs and chromium-based MOFs. Using synchrotron-based X-ray absorption fine structure spectroscopy at Argonne National Laboratory, Ilgen observed that the rare-earth element chemically bonded to the metal hub in both zirconium and chromium MOFs. In the MOF with a phosphonate surface group, the rare-earth metals bound to the phosphonate instead of the metal hub.

"My spectroscopy work is the first to identify the surface complexes formed by rare-earth elements in MOFs," Ilgen said. "No one had done X-ray spectroscopy before. Previous studies inferred surface complexes based on adsorption trends, but no one had 'seen' them. I saw them with my X-ray eyes."

Ilgen also saw that the rare-earth element bound to the metal hub in the same manner in MOFs with missing linkers as in MOFs with all the linkers. This is significant because MOFs without defects are more stable and potentially more reusable than MOFs with missing linkers.

In the paper, Ilgen proposed that metal hubs with a mixture of metals could create MOF sponges that prefer to adsorb one rare-earth element over others, but she said this approach has not been attempted yet.

Armed with their extensive knowledge of rare-earth elements' interactions with MOFs, the team has numerous avenues to explore in designing selective sponges.

"There are several possible design strategies for ion-selective MOFs, specifically for separating individual rare-earth elements from one another," Ilgen said. "One strategy involves tuning the chemistry of the metal hub, potentially incorporating multiple types of metals to optimize the binding site for a specific rare earth. Another strategy focuses on surface group chemistry, where strong surface groups outcompete the metal hubs, creating ion-specific pockets associated with the surface groups. Lastly, the pore dimensions of the MOF itself can be adjusted, as nanosized pores alter local chemistry to favor specific elements."

The project was funded by Sandia's Laboratory Directed Research and Development program.
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This new technique for studying cell receptors could have sweeping implications for drug development | ScienceDaily
One in every three FDA-approved drugs targets a single superfamily of receptors dotting the surfaces of human cells. From beta blockers to antihistamines, these essential, life-saving medications trigger winding biochemical pathways, via these receptors, to ultimately prevent a heart attack, or stop an allergic reaction in its tracks.


						
But scientists have learned that their story is much more complicated than initially believed -- a number of these drugs are in fact targeting a complex composed of one receptor and one associated protein. Now, a new study in Science Advances introduces a novel approach to mapping the interactions between 215 such receptors and the three proteins that they form complexes with. The findings dramatically expand understanding of these interactions and their therapeutic potential.

"On the technical side, we can now study these receptors at unprecedented scale," says first author Ilana Kotliar, a former graduate student in Rockefeller's Laboratory of Chemical Biology and Signal Transduction, headed by Thomas P. Sakmar. "And on the biological side, we now know that the phenomenon of these protein-receptor interactions is much more widespread than originally thought, opening the door to future investigations."

Uncharted territory

This family of receptors are known as GPCRs, or G protein-coupled receptors. Their accessory proteins are known as RAMPs, short for receptor activity-modifying proteins. RAMPs help transport GPCRs to the cell surface and can vastly alter how these receptors transmit signals by changing the receptor's shape or influencing its location. Because GPCRs seldom exist in a vacuum, identifying a GPCR without accounting for how RAMPs might influence it is a bit like knowing the menu of a restaurant without checking its hours, address or delivery options.

"You could have two cells in the body in which the same drug is targeting the same receptor -- but the drug only works in one cell," says Sakmar, the Richard M. and Isabel P. Furlaud Professor. "The difference is that one of the cells has a RAMP that brings its GPCR to the surface, where that the drug can interact with it. That's why RAMPs are so important."

Knowing this, Sakmar and colleagues were determined to develop a technique that would allow researchers to parse out each RAMP's effect on every GPCR. Such a comprehensive map of GPCR-RAMP interactions would supercharge drug development, with the added benefit of possibly explaining why some promising GPCR drugs mysteriously haven't panned out.




They hoped that such a map would also contribute to basic biology by revealing which natural ligands several so-called "orphan" GPCRs interact with. "We still don't know what activates many GPCRs in the human body," Kotliar says. "Screenings may have missed those matches in the past because they weren't looking for a GPCR-RAMP complex."

But wading through every GPCR-RAMP interaction was a daunting task. With three known RAMPs and almost 800 GPCRs, searching through every possible combination was impractical, if not impossible. In 2017 Emily Lorenzen, then a graduate student in Sakmar's lab, began a collaboration with scientists at the Science for Life Laboratory in Sweden and Sweden's Human Protein Atlas Project to create an assay capable of screening for GPCR-RAMP interactions.

Hundreds of experiments at once

The team started by coupling antibodies from the Human Protein Atlas to magnetic beads, each pre-colored with one of 500 different dyes. These beads were then incubated with a liquid mixture of engineered cells expressing various combinations of RAMPs and GPCRs. This setup allowed researchers to simultaneously screen hundreds of potential GPCR-RAMP interactions in a single experiment. As each bead passed through a detection instrument, color coding was used to identify which GPCRs were bound to which RAMPs, enabling high throughput tracking of 215 GPCRs and their interactions with the three known RAMPs.

"A lot of this technology already existed. Our contribution was an enabling technology built upon it," Sakmar says. "We developed a technique to test for hundreds of different complexes at once, which generates a huge amount of data, and answers many questions simultaneously."

"Most people don't think in multiplex terms. But that's what we did -- 500 experiments at once."

While this work is the culmination of a team effort over a long period of time, Kotliar made herculean efforts to drag it across the finish line -- shuttling samples and scarce reagents back and forth from Sweden in rare travel windows during COVID.

It paid off. The results provide a handful of long-awaited resources for GPCR researchers and drug developers: publicly available online libraries of anti-GPCR antibodies, engineered GPCR genes and, of course, the mapped interactions. "You can now type in your favorite receptor, find out what antibodies bind to it, whether those antibodies are commercially available, and whether that receptor binds to a RAMP," Sakmar says.

The findings increase the number of experimentally identified GPCR-RAMP interactions by an order of magnitude and lay the groundwork for techniques that could help detect combinations of GPCRs and identify harmful autoantibodies. "Ultimately, it's a technology-oriented project," Sakmar says. "That's what our lab does. We work on technologies to advance drug discovery."
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Keeping native bees buzzing requires rethinking pest control | ScienceDaily
Whether you're strolling through a garden, wandering a park, or simply enjoying an open space in the United States, you're likely to notice bees buzzing about the flowers. While honeybees, imported from Europe in the 17th century to produce honey, are the most recognizable, they aren't the only bees at work. If you're a keen observer, you might spot some of the thousands of less familiar, native bee species that call these spaces home.


						
Native wild bees play a crucial ecological role, ensuring the survival and reproduction of countless plant species -- including many agricultural crops -- by spreading pollen as they forage for food. Unfortunately, their numbers seem to be declining, and despite experts suggesting multiple causes, the exact reason remains a mystery.

A new study published in Nature Sustainability sheds light on one potential cause: pesticide use. The research reveals a stark decline in the number of wild bee sightings, with appearances of some species dropping as much as 56% in areas of high pesticide use compared to areas with no pesticide use.

The study points to pesticides as a significant factor in wild bee decline and suggests that alternative pest control methods, such as those proposed by the U.S. Environmental Protection Agency, could reduce the damage.

Pesticide effects on wild bee populations scrutinized

Loss of wild bees could disrupt entire ecosystems, affecting not just plants but also the wildlife that depend on those plants for food and habitat. The multibillion-dollar agricultural industry could also suffer; wild bees, alongside honeybees, play a crucial role in pollinating three-quarters of food crops and nearly 90% of flowering plant species.

Recognizing the urgent threat posed by bee population declines, Laura Melissa Guzman of the USC Dornsife College of Letters, Arts and Sciences, along with an international team of researchers, set out to investigate the impact of pesticides on wild bees. They also examined the effects of agricultural practices and how the presence of honeybee colonies might influence wild bee populations.




Guzman, Gabilan Assistant Professor of Biological Sciences and Quantitative and Computational Biology, and the team inspected museum records, ecological surveys and community science data collected between 1996 and 2015 from across the contiguous United States.

Using advanced computational methods, they sifted through more than 200,000 unique observations of over 1,000 species -- representing one-third of all known bee species in the U.S. -- to assess how frequently different species were observed in various locations.

In addition, they analyzed data from several government sources, such as the U.S. Geological Survey's National Land Cover Database and Pesticide National Synthesis Project. The former tracks U.S. land cover types (crop, urban, forest, wetland, etc.) with snapshots taken every two to three years from 2001 to 2016, while the latter provides detailed data on pesticide use by county from 1992 to 2021.

By integrating these resources, the researchers correlated factors such as land use, pesticide application, honeybee colony presence, and types of agricultural crops with wild bee sightings over the past two to three decades.

Pesticides emerge as a top factor harming wild bees

The research provides compelling evidence that pesticide use is a major contributor to the declining numbers of wild bees. The study found a strong correlation between pesticide use and fewer wild bee sightings, suggesting a direct link between pesticide exposure and bee population declines.




Some scientists have speculated that certain crops might adversely affect wild bees . However, Guzman and the team uncovered evidence to the contrary. Among crops frequented by pollinators, they found just as many wild bees in counties with a lot of agriculture versus a little.

Interestingly, the study hinted that the presence of colonies of honeybees, an invasive species, had almost no effect on wild bee populations, despite some evidence to the contrary. The researchers caution, however, that they need more detailed data and further study to confirm this conclusion.

"While our calculations are sophisticated, much of the spatial and temporal data is coarse," Guzman said. "We plan to refine our analysis and fill in the gaps as much as possible."

Wild bees need alternative pest management methods 

The researchers view their findings as compelling evidence that alternative pest control strategies, such as integrated pest management, are essential for conserving these crucial pollinators.

Integrated pest management involves controlling pests by using natural predators, modifying practices to reduce pest establishment, and using traps, barriers and other physical means, with pesticide use reserved as a last resort.

The team also emphasizes the need for more long-term studies that collect data on more localized bee populations over extended periods. "We need to combine these large-scale studies that span continents with field experiments that expose bees to chemicals over longer periods and under natural conditions to get a clearer picture of how these chemicals affect bees," Guzman said.

Building a case for better pesticide risk assessment 

The current study builds on work published earlier this year by Guzman and scientists from Washington State University and Canada's Universite Laval. That study found that ecological risk assessments (ERAs) underestimate pesticide threats to wild bees and other pollinators.

Currently, ERAs measure pesticide effects on honeybees, often in lab studies, then extrapolate those findings to native bee species. However, Guzman and her colleagues revealed that current ERAs vary wildly -- as much as a million-fold -- when estimating how lethal pesticides are just to honeybees. And many wild bees are even more sensitive to pesticides, compounding the problem, the research showed.

"When we only focus on the western honeybee, we're ignoring the unique responses of other wild bee species to pesticide exposure," Guzman said, calling for regulatory agencies, scientists and policymakers to rethink ERA methods.

"More data and analysis on the long-term effects of pesticides will help guide these efforts to the benefit of all pollinators, including wild bees," Guzman said.

About the study

In addition to corresponding author Guzman, study authors include Elizabeth Elle and Leithen M'Gonigle of Simon Fraser University; Lora Morandin of the Pollinator Partnership; Neil Cobb of Biodiversity Outreach Network (BON); Paige Chesshire of BON and Northern Arizona University; Lindsie McCabe of the USDA-ARS Pollinating Insects Research Unit; Alice Hughes of the University of Hong Kong; and Michael Orr of State Museum of Natural History Stuttgart.
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NREL advances method for recyclable wind turbine blades | ScienceDaily
Researchers at the U.S. Department of Energy's National Renewable Energy Laboratory (NREL) see a realistic path forward to the manufacture of bio-derivable wind blades that can be chemically recycled and the components reused, ending the practice of old blades winding up in landfills at the end of their useful life.


						
The findings are published in the new issue of the journal Science. The new resin, which is made of materials produced using bio-derivable resources, performs on par with the current industry standard of blades made from a thermoset resin and outperforms certain thermoplastic resins intended to be recyclable.

The researchers built a prototype 9-meter blade to demonstrate the manufacturability of an NREL-developed biomass-derivable resin nicknamed PECAN. The acronym stands for PolyEster Covalently Adaptable Network, and the manufacturing process dovetails with current methods. Under existing technology, wind blades last about 20 years, and afterward they can be mechanically recycled such as shredded for use as concrete filler. PECAN marks a leap forward because of the ability to recycle the blades using mild chemical processes.

The chemical recycling process allows the components of the blades to be recaptured and reused again and again, allowing the remanufacture of the same product, according to Ryan Clarke, a postdoctoral researcher at NREL and first author of the new paper. "It is truly a limitless approach if it's done right."

He said the chemical process was able to completely break down the prototype blade in six hours.

The paper, "Manufacture and testing of biomass-derivable thermosets for wind blade recycling," involved work from investigators at five NREL research hubs, including the National Wind Technology Center and the BOTTLE Consortium. The researchers demonstrated an end-of-life strategy for the PECAN blades and proposed recovery and reuse strategies for each component.

"The PECAN method for developing recyclable wind turbine blades is a critically important step in our efforts to foster a circular economy for energy materials," said Johney Green, NREL's associate laboratory director for Mechanical and Thermal Engineering Sciences.




The research into the PECAN resin began with the end. The scientists wanted to make a wind blade that could be recyclable and began experimenting with what feedstock they could use to achieve that goal. The resin they developed using bio-derivable sugars provided a counterpoint to the conventional notion that a blade designed to be recyclable will not perform as well.

"Just because something is bio-derivable or recyclable does not mean it's going to be worse," said Nic Rorrer, one of the two corresponding authors of the Science paper. He said one concern others have had about these types of materials is that the blade would be subject to greater "creep," which is when the blade loses its shape and deforms over time. "It really challenges this evolving notion in the field of polymer science, that you can't use recyclable materials because they will underperform or creep too much."

Composites made from the PECAN resin held their shape, withstood accelerated weatherization validation, and could be made within a timeframe similar to the existing cure cycle for how wind turbine blades are currently manufactured.

While wind blades can measure the length of a football field, the size of the prototype provided proof of the process.

"Nine meters is a scale that we were able to demonstrate all of the same manufacturing processes that would be used at the 60-, 80-, 100-meter blade scale," said Robynne Murray, the second corresponding author.

The other coauthors, all from NREL, are Erik Rognerud, Allen Puente-Urbina, David Barnes, Paul Murdy, Michael McGraw, Jimmy Newkirk, Ryan Beach, Jacob Wrubel, Levi Hamernik, Katherine Chism, Andrea Baer, and Gregg Beckham.

The U.S. Department of Energy jointly funded the research through its Advanced Materials and Manufacturing Technologies Office and Bioenergy Technologies Office and their support of the BOTTLE Consortium. Additional research and funding will allow the investigators to build larger blades and to explore more bio-derived formulations.

NREL is the U.S. Department of Energy's primary national laboratory for renewable energy and energy efficiency research and development. NREL is operated for DOE by the Alliance for Sustainable Energy LLC.
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How much microplastic are you drinking? New tool can tell you in minutes | ScienceDaily
Micro- and nanoplastics are in our food, water and the air we breathe. They are showing up in our bodies, from testicles to brain matter.


						
Now, University of British Columbia researchers have developed a low-cost, portable tool to accurately measure plastic released from everyday sources like disposable cups and water bottles.

The device, paired with an app, uses fluorescent labeling to detect plastic particles ranging from 50 nanometres to 10 microns in size -- too small to be detected by the naked eye -- and delivers results in minutes.

The method and findings are detailed in ACS Sensors.

"The breakdown of larger plastic pieces into microplastics and nanoplastics presents significant threats to food systems, ecosystems, and human health," said Dr. Tianxi Yang, an assistant professor in the faculty of land and food systems, who developed the tool. "This new technique allows quick, cheap detection of these plastics, which could help protect our health and ecosystems."

Nano and microplastics are byproducts of degrading plastic materials such as lunchboxes, cups and utensils. As very small particles with a large surface area, nanoplastics are particularly concerning to human health due to their increased ability to absorb toxins and penetrate biological barriers within the human body.

Detecting these plastics typically requires skilled personnel and expensive equipment. Dr. Yang's team wanted to make detection faster, more accessible and more reliable.




They created a small, biodegradable, 3D-printed box containing a wireless digital microscope, green LED light and an excitation filter. To measure the plastics, they customized MATLAB software with machine-learning algorithms and combined it with image capture software.

The result is a portable tool that works with a smartphone or other mobile device to reveal the number of plastic particles in a sample. The tool only needs a tiny liquid sample -- less than a drop of water -- and makes the plastic particles glow under the green LED light in the microscope to visualize and measure them. The results are easy to understand, whether by a technician in a food processing lab or just someone curious about their morning cup of coffee.

For the study, Dr. Yang's team tested disposable polystyrene cups. They filled the cups with 50 mL of distilled, boiling water and let it cool for 30 minutes. The results showed that the cups released hundreds of millions of nano-sized plastic particles, roughly one-hundredth the width of a human hair and smaller.

"Once the microscope in the box captures the fluorescent image, the app matches the image's pixel area with the number of plastics," said co-author Haoming (Peter) Yang, a master's student in the faculty of land and food systems. "The readout shows if plastics are present and how much. Each test costs only 1.5 cents."

The tool is currently calibrated to measure polystyrene, but the machine-learning algorithm could be tweaked to measure different types of plastics like polyethylene or polypropylene. Next, the researchers aim to commercialize the device to analyze plastic particles for other real-world applications.

The long-term impacts of ingesting plastic from beverages, food, and even from airborne plastic particles are still being studied but show cause for concern.

"To reduce plastic ingestion, it is important to consider avoiding petroleum-based plastic products by opting for alternatives like glass or stainless steel for food containers. The development of biodegradable packaging materials is also important for replacing traditional plastics and moving towards a more sustainable world," said Dr. Yang.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240827105019.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study shows reduced inflammation in residents after adding trees to their neighborhoods | ScienceDaily
The University of Louisville's groundbreaking Green Heart Louisville Project has found that people living in neighborhoods where the number of trees and shrubs was more than doubled showed lower levels of a blood marker of inflammation than those living outside the planted areas. General inflammation is an important risk indicator for heart disease and other chronic diseases.


						
The Christina Lee Brown Envirome Institute launched the first-of-its-kind project in 2018 in partnership with The Nature Conservancy, Washington University in St. Louis, Hyphae Design Laboratory and others to study whether and how living among more densely greened surroundings contributes to better heart health. The design of the study closely mirrors clinical trials which test whether medical treatments are effective. The team applied the treatment -- the addition of large trees and shrubs -- to some participants' neighborhoods but not to others. They then compared residents' health data to see how the addition of the trees affected their health.

"The Green Heart Louisville Project is an excellent example of how our university's innovative and collaborative researchers are working to improve lives in our community and far beyond," UofL President Kim Schatzel said. "Trees are beautiful, but these results show that the trees around us are also beneficial to individual and community health. Through this and many other projects, the Envirome Institute is improving health at the community level, not just for individuals, but for everyone living in a neighborhood."

To understand the state of community's health at the start of the study, researchers took blood, urine, hair and nail samples and documented health data from 745 people living in a four-square-mile area of south Louisville. The researchers also took detailed measurements of tree coverage and levels of air pollution in the area.

Following this baseline data collection, the Envirome Institute worked with The Nature Conservancy and a host of local partners and contractors to plant more than 8,000 large trees and shrubs in designated neighborhoods within the project area. Those living in the greened area were considered the treated population and the results obtained from this population were compared with residents of adjacent neighborhoods, where the project team did not plant any trees.

After the plantings, the research team reassessed residents' health. They found that those living in the greened area had 13-20% lower levels of a biomarker of general inflammation, a measure called high-sensitivity C-reactive protein (hsCRP) than those living in the areas that did not receive any new trees or shrubs. Higher levels of hsCRP are strongly associated with a risk of cardiovascular disease and are an even stronger indicator of heart attack than cholesterol levels. Higher CRP levels also indicate a higher risk of diabetes and certain cancers.

A reduction of hsCRP by this percentage corresponds to nearly 10-15% reduction in the risk of heart attacks, cancer or dying from any disease.




"These results from the Green Heart Louisville Project indicate that trees contribute more to our lives than beauty and shade. They can improve the health of the people living around them," said Aruni Bhatnagar, director of the Envirome Institute and UofL professor of medicine. "Although several previous studies have found an association between living in areas of high surrounding greenness and health, this is the first study to show that a deliberate increase in greenness in the neighborhood can improve health. With these results and additional studies that we hope to report soon, we are closer to understanding the impact of local tree cover on residents' health. This finding will bolster the push to increase urban greenspaces."

As more is known about the health impacts of increased tree cover, increased greening in cities may emerge as a key method to improve public health.

"Most of us intuitively understand that nature is good for our health. But scientific research testing, verifying and evaluating this connection is rare," said Katharine Hayhoe, chief scientist of The Nature Conservancy. "These recent findings from the Green Heart Project build the scientific case for the powerful connections between the health of our planet and the health of all of us."

Earlier in August, the Green Heart Louisville Project was awarded an additional $4.6 million in funding from the National Institute of Environmental Health Sciences to support continued research over the next five years.

These findings were presented by Daniel Riggs, UofL assistant professor of environmental medicine, at the 36th Annual Conference of the International Society for Environmental Epidemiology in Santiago, Chile on Aug. 26.
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Scientists develop AI-driven method to enhance electron microscopy imaging capabilities of complex biological systems | ScienceDaily
Electron microscope (EM) has revolutionised our ability to visualise the intricate details inside cells. The advancement to 3D electron microcopy, known as volume EM (vEM), has further expanded this three-dimensional, nanoscale imaging capacity. However, trade-offs between imaging speed, quality, and sample size still limit the achievable imaging area and volume. Concurrently, artificial intelligence (AI) is emerging as a pivotal force across various scientific domains, driving breakthroughs and serving as a vital tool in the scientific process.


						
Inspired by the recent breakthroughs in AI-powered image generation models, specifically the development of advanced diffusion models, a research team led by Professor Haibo JIANG from the Department of Chemistry and Professor Xiaojuan QI from the Department of Electrical and Electronic Engineering at The University of Hong Kong (HKU) has developed a suite of diffusion model-based algorithms called EMDiffuse. This innovative solution aims to enhance imaging capabilities and resolve the trade-offs faced by EM and vEM. Their findings have recently been published in Nature Communications.

For conventional 2D EM, EMDiffuse excels at restoring realistic, high-quality visuals with high-resolution ultrastructural details, even from noisy or low-resolution inputs. Unlike other deep learning-based denoising or super-resolution methods, EMDiffuse adopts a unique approach by sampling the solution from the target distribution. EMDiffuse incorporates low-quality images as a condition or constraint at each step of its diffusion-based process to ensure the accuracy of the generated structure. This means the low-quality input is actively used to guide and shape the restoration rather than just being the starting point. Diffusion model can effectively prevent blurriness, maintaining resolution comparable to ground truth, which is crucial for detailed ultrastructural studies. Moreover, the generalisability and transferability of EMDiffuse allow its application to various datasets directly or after minimal fine-tuning with just one pair of training images.

In vEM, current hardware often struggles to capture high-resolution 3D images of large samples, especially in the depth (or 'z-direction'), making it difficult to fully study the 3D structure of important cell components like mitochondria and the endoplasmic reticulum.

EMDiffuse addresses this issue with two flexible approaches. It can use 'isotropic' training data -- 3D image datasets with uniform, high resolution in all dimensions -- to learn how to enhance the axial resolution of other 3D data. Alternatively, EMDiffuse can analyse existing 3D images and improve their depth resolution through self-supervised techniques without requiring specialised training data. This versatility allows EMDiffuse to enhance the quality and usefulness of 3D electron microscopy data across different research applications.

The restored volumes demonstrate exceptional accuracy in studying ultrastructural details, such as mitochondrial cristae and interactions between mitochondria and the ER, which are challenging to observe in original anisotropic volumes. Since EMDiffuse does not require isotropic training data, it can be directly applied to any existing anisotropic volume to improve its axial resolution.

EMDiffuse represents an important advancement in the imaging capabilities of both EM and vEM, enhancing image quality and axial resolution of the data produced. 'With this foundation, we can envision further development and acceleration of the EMDiffuse algorithm, paving the way for in-depth investigations into the intricate subcellular nanoscale ultrastructure within large biological systems,' said Professor Haibo Jiang, one of the corresponding authors of the paper. 'As this AI-powered imaging technology matures, we are excited to see how it enables researchers to uncover the previously undiscovered operational mechanisms within biological systems,' echoed Professor Xiaojuan Qi, another corresponding author of the paper.
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Coastal cities must adapt faster to climate change | ScienceDaily
Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial. To find out how coastal cities are adapting, an international team led by Professor Matthias Garschagen, a geographer at Ludwig-Maximilians-Universitat Munchen (LMU), has now analyzed the current state of adaptation.


						
Based on studies of 199 cities across 54 countries, the researchers investigated whether and how cities take certain risk factors into account in their adaptation efforts. Climate factors like rising sea levels, storms, flooding and heat were among the key parameters considered. Other aspects were also taken into account in the analysis, such as the exposure and vulnerability of the population, the infrastructure and the ecosystems in the respective region.

Climate measures are mostly inadequate

Most of the measures taken to adapt to climate change relate primarily to sea level rise, flooding and, to a lesser extent, storm surges, cyclones and erosion. Technical and institutional measures such as large-scale levees or urban planning innovations are more common in wealthier regions like North America and Europe. In less prosperous regions such as in many parts of Africa and Asia, behavior-related measures are the dominant type, with affected households and companies being largely left to their own devices.

Overall, the LMU researchers found that most adaptation measures are inadequate in their depth, scope and speed -- regardless of the region or its prosperity. The researchers also found little evidence of a sustainable reduction in risk as a result of the measures taken.

"Our findings reveal that there is plenty of work still to be done on all levels," explains Prof. Matthias Garschagen. "There has been little truly far-reaching change involving a fundamental rethink of risk management. Cities often attempt to optimize their disaster management on the basis of past experience without fundamentally questioning whether these approaches are still going to be viable in the future," says Garschagen.

Global research on climate change needs to be done in all regions of the world

The research also found that it is rare for adaptation planning to be based on quantifiable factors. Although cities do take future natural risks such as flooding and heat into account, they rarely consider socioeconomic factors such as future trends in societal vulnerability or spatial growth and exposure. "But those trends those are important," says Garschagen, "because the Lagos or Jakarta of today is not the same as it's going to be in 20 years' time. There are certainly big research aps and we need better scenarios and better modeling methods. Another important question is about when it makes more sense to abandon coastal protection measures and consider resettling the population instead."

Matthias Garschagen is therefore calling for a major increase in research activity in the Global South. Most of the research activity to date has been concentrated on cities in the Global North. "Global climate change research that covers all regions of the world would enable us to fight the climate crisis faster and more effectively," says Matthias Garschagen.
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Women in global fisheries industry fall through the safety net | ScienceDaily
Millions of women who work in the fisheries industry are being left behind as technologies develop to counter the effects of climate change and economic pressures.


						
New research led by the University of East Anglia (UEA) looks specifically at post-harvest fisheries and aquaculture, where women constitute 50 per cent of the total workforce. Despite their significant contributions women often remain invisible, are unpaid or underpaid, their work seen as an extension of household work.

The findings, 'A systematic review of the impact of post-harvest aquatic food processing technology on gender equality and social justice', are published today in Nature Food.

Fisheries and aquaculture are an important source of livelihood, food and nutrition for many of the world's poorest, supporting worldwide about 67 million people directly and about 492 million people indirectly. Fisheries and aquaculture provide about 17 per cent of animal-source protein for human consumption, yet more than a third of global fisheries and aquaculture harvest is lost or wasted.

Prof Nitya Rao, UEA Professor of Gender & Development and Director of the Norwich Institute for Sustainable Development, is the lead author. She said: "Given the large number of people, in particular women, engaged in post-harvest activities globally, this review sought to better understand how processing technology and technical change have impacted those engaged in this sector, and how labour, resources, power and decision making are influenced and change in this process.

"In the context of climate change and other economic pressures, we are witnessing a rapid development of post-harvest technologies to enhance productivity and efficiency, reduce loss and waste, and ensure quality. Yet without addressing the social justice dimensions of these changes, there is a risk that this may exacerbate pre-existing and persistent inequalities."

Women are disadvantaged across both traditional and improved technologies, especially regarding control over resources. Women are often unable to access social protection benefits including minimum wages, health insurance, housing and transport, due to their concentration at the lower levels of the labour hierarchy.




As enterprises expand and adopt more capital-intensive technologies, women frequently report less agency and lower equity outcomes due to a combination of resource constraints, individual characteristics such as education, social norms and care responsibilities.

In the larger-scale, factory-based settings using advanced technologies, women and migrant workers tend to have lower status; often temporary, lower-paid jobs that are culturally stereotyped as 'women's work'; experience gender pay gaps, lack of access to worker rights and managerial roles; and are exposed to occupational health hazards. Labour divisions are stark, reinforced by social norms.

Whilst power and control of resources is more unequal in factory settings, it is not necessarily equal in traditional contexts either, despite offering greater flexibility. While sometimes less productive, these technologies usually allow greater agency for women. Here one confronts a trade-off between enhanced productivity, income, and gender equality as seen in women's control over resources and decision-making agency.

Dr Julie Bremner of the UK Centre for Environment, Fisheries and Aquaculture Science, and paper co-author, said: "Aquatic food is a key component of our global food system, particularly for seafood-reliant nations such as the large ocean states, and demand for aquatic products is forecast to grow. Sustainability of these foods depends not just on their environmental and economic footprints, but also on their social equity footprint.

"Our review shows there is a way to go yet on the equity element, but there are opportunities waiting to be grasped."

The review makes several recommendations for policy, research and practice:
    	    


More rigorous and comparative research is needed to examine the impacts of a range of technologies on different groups of people including women and men, young and elderly, migrant and non-migrant, and formally consider intersectionality.
    

    	    Diverse voices, especially women's and migrant worker voices, should have a place in policymaking and investment decisions around post-harvest processes at local, national and global levels in the process of developing and rolling out improved technologies.
    

The research team, which included other UEA and Norwich Institute for Sustainable Development colleagues, reviewed 42 studies covering 55 locations in India, Bangladesh, Cambodia, Philippines, Japan, Canada, USA, Mexico, Brazil, Norway, Ghana, Nigeria, Tanzania and Zambia.

'A systematic review of the impact of post-harvest aquatic food processing technology on gender equality and social justice', is published 27 August 2024 in Nature Food.
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Insights from satellite data pave the way to better solar power generation | ScienceDaily
Amidst the ongoing energy crisis and under the threat of climate change, exploiting renewable energy sources has quickly become a global necessity. Though our options are varied, solar energy seems to be our best bet -- experts estimate that it may become our main energy source well before the turn of the century.


						
Despite its clear advantages, solar energy generation has some limitations. Much like the wind, solar irradiance in a given region can vary quickly depending on weather conditions, causing fluctuations in power output. These fluctuations not only pose a problem for power grids but also imply that meeting energy demands may not always be a guarantee. Thus, having a clear understanding of the possible variations in solar irradiance in time and space is crucial to determining the optimal locations for solar power plants.

Against this backdrop, a research team led by Specially Appointed Assistant Professor Hideaki Takenaka from the Center for Environmental Remote Sensing, Chiba University, set out to extend our knowledge of solar irradiance over the Asia Pacific region. In their latest study, made available online on June 13, 2024, and published in Volume 276 of Solar Energy in July 2024, they conducted an in-depth analysis of solar irradiance data gathered from geostationary satellites. Other team members included Kalingga Titon Nur Ihsan, Graduate School of Science and Engineering, and Atsushi Higuchi, Center for Environmental Remote Sensing, both from Chiba University, as well as Anjar Dimara Sakti and Ketut Wikantika from the Center for Remote Sensing at Institut Teknologi Bandung.

The data for the analysis came from Himawari-8 and Himawari-9, two Japanese satellites that collect images with high temporal and spatial resolution over the Asia Pacific region. The researchers used AMATERASS solar radiation data obtained from quasi-real time analysis of solar radiation synchronized with geostationary satellite observation. They were developed by Dr. Takenaka and colleagues to accurately estimate solar irradiance via high-speed radiative transfer calculations using neural networks. AMATERASS operation started in July 2007, and analysis data was archived continuously for over 16 years. This data was made publicly available by the Chiba University, CEReS DAAC (Distributed Active Archive Center), downloaded 186,465,724 times, and used in various research and Japanese national projects. By leveraging this technology, the team estimated solar irradiance variability in terms of spatial and temporal heterogeneity. Simply put, they calculated how drastically solar radiation varies in space and time by analyzing solar irradiance data over a 20 km by 20 km grid every ten minutes.

Their analysis revealed interesting facts about solar irradiance over the region. For example, the team found that locations near the equator experienced lower fluctuations in solar irradiance over time compared to higher latitude regions due to the effects of rain and cloud activity. Moreover, regions of higher elevation exhibited higher heterogeneity due to higher cloud activity. The area around the Tibetan Plateau showed high seasonal changes in the magnitude of the 'umbrella effect,' which quantifies how much solar energy is reflected back to space. "Our evaluations based on spatiotemporal data revealed characteristics that would've been impossible to achieve using a traditional approach that relies on simple long-term averages or TMY (Typical Meteorological Year) as a typical solar irradiance data," highlights Dr. Takenaka.

In addition to these insights, the research team assessed the performance of over 1,900 existing solar power plants using annual and seasonal data. They found that, due to umbrella effects caused by clouds, the production of a large portion of these plants is not optimum from June to August. This implies that the most affected zones should not rely entirely on solar power to meet increased demands during these months.

Finally, the researchers also investigated the optimal format for future solar power plants, concluding that more widely distributed solar energy generation is superior to more localized efforts. "Based on the spatial and temporal characteristics of solar irradiance, we suggest that it should be possible to suppress rapid fluctuations in solar power generation output by distributing small photovoltaic systems over a wide area rather than relying on large solar power plants," explains Dr. Takenaka. "Worth noting, these conclusions come from weather and climate research, not an engineering perspective." One way to achieve this vision might be through the use of rooftop solar panels, which is a growing trend in many countries.

Overall, the findings of this study will help us plan for the short- and long-term future of solar energy generation in the Asia Pacific region, bolstering sustainable energy technologies and aiding in our fight against climate change.
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Researchers reveal the causes for Greenland's abnormal warming | ScienceDaily
In recent years, Greenland has warmed faster than the global average. A new study identifies clear-sky downwelling longwave radiation -- heat radiated by the atmosphere to the surface -- along with moisture advection, high-pressure anomalies, and surface albedo feedback, as key drivers of this accelerated warming. These factors are contributing to the rapid melting of Greenland's ice sheet. The findings are crucial for predicting future ice sheet behavior and its potential impact on global sea levels.


						
Global warming, driven by human activities, has led to rising average temperatures worldwide. However, Greenland has been warming at an even faster rate than the rest of the world, leading to accelerated ice sheet melting. This intensified warming in the northern regions, known as Arctic Amplification, has the potential to raise sea levels significantly, posing a threat to coastal areas and ecosystems globally. Understanding the drivers behind this phenomenon is crucial for predicting future climate impacts.

Studies have previously attributed Arctic Amplification to local climate feedback processes, heat release from the Arctic Ocean, and energy transport from the south. Melting sea ice during summers further amplifies warming trends through a process known as surface albedo feedback, where less ice leads to less sunlight being reflected into space. Additionally, the Greenland blocking index -- a climate mode indicating the strength of high-pressure blocking conditions over Greenland -- has been linked to temperature trends in the region. However, past studies have primarily focused on overall warming trends, often overlooking the specific causes of extreme year-to-year temperature events and relying mainly on energy balance models.

To address these gaps, a team of researchers from Korea, led by Professor Kyung-Ja Ha, from the Department of Climate System at Pusan National University, including Manuel Tobias Blau, also from Pusan National University, and Dr. Eui-Seok Chung from the Division of Atmospheric Sciences at Korea Polar Research Institute, investigated the anomalous warming trends in Greenland from 1979 to 2021. "In this study, we focused on the year-to-year perturbations of the surface energy budget to explain Greenland's extreme temperature," explains Prof. Ha. Their study was published in the journal Communications Earth & Environment on July 28, 2024.

The researchers employed a surface energy budget framework, which separates the contributions of radiative and non-radiative sources, to analyze temperature anomaly events over Greenland. Their findings revealed that increases in clear-sky downwelling longwave radiation -- the heat radiated by the atmosphere to the surface on clear-sky days -- and the resulting surface albedo feedback were the dominant factors in Greenland's surface warming.

The researchers also investigated the mechanism for this increase in clear-sky radiation and found an increase in atmospheric temperature as the primary driver. Specifically, in warm years, the combination of increased surface temperatures and tropospheric warming led to turbulent heat exchange between the atmosphere and the surface. This process also enhanced moisture transport from the south to Greenland and contributed to the formation of a high-pressure system, resembling a blocking anticyclone, which trapped and sustained warm conditions. These dynamics resulted in intense ice melting, creating a feedback loop that further amplified the warming effects. Moreover, different modes of natural climate variability, particularly those related to the blocking index, can either amplify or moderate these warming trends, leading to extreme temperature events.

"The results suggest a significant impact of natural variability in explaining the atmospheric anomalies leading to extreme summers over Greenland," says Prof. Ha. Highlighting the importance of the study, she adds, "Considering climate change, the extreme summer temperature over Greenland will further accelerate the ice sheet melting, leading to a rapid sea level rise."

By shedding light on the drivers of Greenland's extreme summer temperatures, this study offers crucial insights that could help project the future development of the Greenland ice sheet and inform strategies to prevent further degradation.
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Are crops worldwide sufficiently pollinated? | ScienceDaily
A team of researchers led by Rutgers University-New Brunswick scientists has analyzed crop yields of more than 1,500 fields on six continents, and found that production worldwide of important, nutritionally dense foods such as fruits, vegetables, nuts and legumes is being limited by a lack of pollinators.


						
The results, detailed in Nature Ecology & Evolution, showed that across diverse crops and locations, one-third to two-thirds of farms contain fields that aren't producing at the levels they should be due to a lack of pollinators. The phenomenon of a low crop yield because of insufficient visits by insects is known as pollinator limitation.

The study is especially timely given recent concern about global declines in insect abundance.

"Our findings are a cause for concern and optimism," said Katie Turo, an author of the study and a postdoctoral fellow in the Department of Ecology, Evolution and Natural Resources in the Rutgers School of Environmental and Biological Sciences. "We did detect widespread yield deficits. However, we also estimate that, through continued investment in pollinator management and research, it is likely that we can improve the efficiency of our existing crop fields to meet the nutritional needs of our global population."

The scientists reached their conclusions by conducting a statistical analysis of more than 200,000 "bee visitations" to crop flowers, contained within one of the most comprehensive databases on crop pollination in the world. Rachael Winfree, the senior author on the study and a professor in the Department of Ecology, Evolution and Natural Resources, collaborated with several colleagues from Europe and South America to compile the most comprehensive database of crop pollination studies in the world. The open-source database incorporates three decades of field observations of bees and other pollinators visiting plants.

The recent Rutgers study doesn't apply to major food crops, such as rice and wheat, which don't require pollinators to reproduce. But pollination by bees and other animals is critical to the proliferation of what Turo describes as "nutrient-dense and interesting foods that we like and are culturally relevant," such as fruits, vegetables, nuts, and legumes.

"If you look through a list of crops and think about which fruits and vegetables you're most excited to eat -- like summer berries or apples and pumpkins in the fall -- those are the crops that typically need to be pollinated by insects," Turo said.




Pollination is the process of transferring pollen from the male part of a flower to the female part, which allows a plant to become fertilized and produce seeds, fruits and young plants. Pollen can be moved by wind, water or pollinators such as honeybees and wild bees and other insects and other animals, such as bats.

Pollinators support the reproduction of about 88 percent of the world's flowering plants and 76 percent of the leading global food crops, according to previous research by Rutgers professor Rachael Winfree and other scientists. Bees are generally considered the most effective pollinators because Rutgers scientists identified that blueberry, coffee and apple crops were most frequently affected by pollinator limitation. they visit more flowers and carry more pollen than other insects.

Researchers found yield deficits for 25 unique crops and in 85 percent of the countries evaluated.

On the bright side, Turo said that scientists believe current yield deficits could be remediated with realistic increases in pollinator visitation across individual crop fields. The study revealed in some cases an adequate number of bees were already visiting some fields.

If field managers could improve consistency across high- and low-yield fields, much of the observed yield problems could be addressed, she said.

"The findings are significant because crop yields, which measure the amount of crops grown per unit area of land, are relevant to assessing the adequacy of the world's food supply relative to its population," Winfree said. "Our findings show that by paying more attention to pollinators, growers could make agricultural fields more productive."

James Reilly, a data analyst in the Rutgers Department of Ecology, Evolution and Natural Resources, also was an author on the study. Other authors included Ainhoa Magrach of the Basque Centre for Climate Change in Leioa, Span, and Thijs P. M. Fijen of Wageningen University & Research in the Netherlands.
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Power of plants: Biomass-based polymer that can absorb and release carbon dioxide | ScienceDaily
A new, biomass-based material developed by FAMU-FSU College of Engineering researchers can be used to repeatedly capture and release carbon dioxide.


						
The material is primarily made from lignin, an organic molecule that is a main component of wood and other plants, and it can take up carbon dioxide (CO2) from concentrated sources or directly from the air. The research was published by Advanced Materials.

"The beauty of this work is the ability to precisely control the capture and release of CO2 without high pressure or extreme temperatures," said study co-author Hoyong Chung, an associate professor in the FAMU-FSU College of Engineering. "Our testing showed that this material's structure stayed the same even after being used multiple times, making this a promising tool for mitigating carbon emissions."

In previous research, Chung's team developed a lignin and CO2-based polymer that represented a potential alternative to traditional petroleum-based plastic. This paper takes that research further, showing the possibility of reversing the process and of reusing the material to absorb CO2 again in the future.

Because it is found in plants, lignin is abundant and cheap, and it is often harvested as a byproduct from wood processing. Scientists are working to find new ways to use this natural resource.

One gram of the material developed by Chung's team captured 47 milligrams -- about 5% of the weight of the original material -- of CO2 from a concentrated source and 26 milligrams from exposure to ambient air. The absorbed CO2 can be permanently sequestered, or it can be released for use in various applications, such as manufacturing, agriculture and others.

Researchers were surprised by the release mechanism. While using nuclear magnetic resonance spectroscopy to analyze a sample, they saw bubbles appear when the sample was heated.




"That sparked our curiosity," Chung said. "What's going on here? Why do we see these little bubbles every time we try to analyze this polymer?"

Further investigation revealed that heat was causing the material to release CO2. The researchers investigated the reaction and found that by controlling the heat applied to the sample, they were able to control the amount of CO2 released. They also showed the possibility of using that captured gas in other reactions.

It only takes temperatures of about 60 degrees Celsius at normal atmospheric pressure to release the CO2, meaning high temperatures and pressures aren't necessary for the reuse process. This CO2 release temperature can be increased or decreased for different applications.

"This is like a sponge for CO2, absorbing it, releasing it and drying up so it can capture more," Chung said. "It's fascinating to see what is possible with this material."

Postdoctoral researcher Arijit Ghorai was the lead author of the study.

This work was supported by the U.S. Department of Agriculture National Institute of Food and Agriculture.
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Public trust in drinking water safety is low globally | ScienceDaily
A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. Led by global health experts at Northwestern University and the University of North Carolina at Chapel Hill, the study sought to understand public perceptions of drinking water safety.


						
Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

"If we think our water is unsafe, we will avoid using it," said Sera Young, professor of anthropology and global health at Northwestern and senior author of the new study.

"When we mistrust our tap water, we buy packaged water, which is wildly expensive and hard on the environment; drink soda or other sugar-sweetened beverages, which is hard on the teeth and the waistline; and consume highly processed prepared foods or go to restaurants to avoid cooking at home, which is less healthy and more expensive," Young said. "Individuals exposed to unsafe water also experience greater psychological stress and are at greater risk of depression."

Young is a Morton O. Schapiro Faculty Fellow at the Institute for Policy Research, a faculty fellow at the Paula M. Trienens Institute for Sustainability and Energy, and co-lead of the Making Water Insecurity Visible Working Group at the Buffett Institute for Global Affairs.

Using nationally representative data from 148,585 adults in 141 countries from the 2019 Lloyd's Register Foundation World Risk Poll, the authors found a high prevalence of anticipated harm from water supply, with the highest in Zambia, the lowest in Singapore and an overall mean of 52.3%.

They also identified key characteristics of those who thought they would be harmed by their drinking water. Women, city dwellers, individuals with more education, and those struggling on their current income were more likely to anticipate being harmed by their drinking water.




The researchers found that, surprisingly, higher corruption perception index scores were the strongest predictor of anticipated harm from drinking water, more so than factors like infrastructure and Gross Domestic Product.

Further, even within countries with consistent access to basic drinking water services, doubts about the safety of water were widespread. This includes the U.S. where 39% of those polled anticipated serious harm from drinking water in the short term.

"Our research highlights that it is imperative both to deliver safe drinking water and to make sure that people have confidence in their water source," said Joshua Miller, a doctoral student at the UNC Gillings School of Global Public Health and the study's first author.

The researchers note that it is difficult for consumers to judge the hazards and safety of their water supply because many contaminants are invisible, odorless and tasteless. Without adequate information, many are left to evaluate the safety of their water based on prior experiences, media reports, and personal values and beliefs.

"It's also possible that people correctly judge the safety of their water," Young said. "The good people of Flint didn't trust their water and they were spot on."

The co-authors suggest actions officials can take to improve public trust around drinking water, including efforts to make testing more readily available, translate test results, replace lead pipes and provide at-home water filters when contaminants are detected, as well as provide improved access to safe drinking water.

"This is the kind of work that can catalyze greater attention and political will to prioritize these services in national development plans and strategies, and get us closer to achieving universal access to safe drinking water," said Aaron Salzberg, director of the Water Institute at the UNC Gillings School of Global Public Health.

Salzberg previously served as the special coordinator for water resources in the U.S. Department of State, where he was responsible for managing the development and implementation of U.S. foreign policy on drinking water and sanitation, water resources management and transboundary water issues.
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Gut bacteria composition influences rotavirus vaccine efficacy | ScienceDaily
Certain types of gut bacteria can hinder the efficacy of the rotavirus vaccine, according to researchers in the Institute for Biomedical Sciences at Georgia State University.


						
The findings, led by Drs. Vu L. Ngo and Andrew T. Gewirtz, published in the journal Cellular and Molecular Gastroenterology and Hepatology, indicate that gut microbiota, particularly the trillions of bacteria that live in an individual's gut, can influence rotavirus vaccine responsiveness and sometimes result in children remaining prone to rotavirus infection and severe disease despite having been vaccinated.

Rotavirus is a virus that spreads easily among infants and young children, causing severe diarrhea, vomiting, fever and abdominal pain. Children who are infected with rotavirus disease can become dehydrated and may require hospitalization. Rotavirus vaccines have proven highly effective at protecting children in the United States and Europe but have relatively low efficacy in some low-income countries.

Rotavirus vaccines are orally administered, live, attenuated viruses that must infect their host's intestine to elicit protective immunity. The protection provided by rotavirus vaccines is highly dissimilar among individuals leading the researchers to hypothesize that the composition of gut microbiota, amidst which the viral vaccine must infect, influence rotavirus vaccine efficacy.

In this study, the researchers investigated the influence of human microbiomes on rotavirus vaccination by administering to mice microbial transplants from children with robust or minimal rotavirus vaccine responsiveness. They found that mice receiving microbial transplants from individuals who were highly responsive to the rotavirus vaccine abundantly shed rotavirus antigens and robustly generated anti-rotavirus antibodies. In contrast, mice receiving microbial transplants from children who had not responded to rotavirus vaccination exhibited only a modest increase in antibodies to rotavirus following vaccination and thus remained prone to rotavirus challenge.

Analysis of the microbiomes by DNA sequencing suggested involvement of Clostridium perfringens, which are bacteria known to occasionally cause overt illness but can also be present without causing disease in some humans and animals. Oral administration of cultured C. perfringens to mice partially mimicked the rotavirus vaccine non-responder traits. Re-analysis of published data found that abundance of C. perfringens in children is modestly associated with failure of the rotavirus vaccine.

In conclusion, the researchers determined that microbiota composition influences rotavirus vaccine efficacy with C. perfringens being one, perhaps of many, examples of human microbiota capable of promoting rotavirus vaccine failure.

"Our findings reflect that C. perfringens may be one of a panel of microbes, including bacteria and viruses, that can impact infection of and, consequently, immune responses elicited by rotavirus vaccine viruses," Gewirtz said.

Additional authors of the study include Yanling Wang, Yadong Wang and Jun Zou of the Institute for Biomedical Sciences at Georgia State; Zhenda Shi of the Institute for Biomedical Sciences at Georgia State, Cherokee Federal and the Centers for Disease Control and Prevention; Robert Britton and Sasirekha Ramani of the Baylor College of Medicine; and Baoming Jiang of the Centers for Disease Control and Prevention.

The study was funded by the National Institutes of Health.
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Scientists use evolution to bioengineer new pathways to sustainable energy, pharmaceuticals | ScienceDaily
Using evolution as a guiding principle, researchers have successfully engineered bacteria-yeast hybrids to perform photosynthetic carbon assimilation, generate cellular energy and support yeast growth without traditional carbon feedstocks like glucose or glycerol. By engineering photosynthetic cyanobacteria to live symbiotically inside yeast cells, the bacteria-yeast hybrids can produce important hydrocarbons, paving new biotechnical pathways to non-petroleum-based energy, other synthetic biology applications and the experimental study of evolution.


						
"All cells that have a nucleus also house a variety of organelles -- such as mitochondria and chloroplasts -- which perform specific functions and contain their own DNA," said University of Illinois Urbana-Champaign chemistry professor Angad Mehta, who led the all-Illinois research team. "Researchers had long theorized that complex life forms got their start when one of these types of cells fused with another in a process called endosymbiosis."

In a previous study, Mehta's team showed that lab-generated cyanobacteria-yeast chimeras, or endosymbionts, can supply photosynthetically generated ATP to the yeast but don't provide sugars. In the new study, the team engineered cyanobacteria to break down sugars and secrete glucose, then combined them with yeast cells to create chimeras that can grow in the presence of CO2, using the sugar and energy produced by the bacteria.

The study findings are published in the journal Nature Communications.

Armed with the ability to engineer a non-photosynthetic organism into a photosynthetic, chimeric life form, the team focused their research on determining how these chimeras could be used to bioengineer new metabolic pathways capable of producing valuable products like limonene, a simple hydrocarbon compound found in citrus fruits, under photosynthetic conditions.

"Limonene is a relatively simple but important molecule with a large market," said Mehta, who is also affiliated with the Carl R. Woese Institute for Genomic Biology. "This proof-of-concept study shows us that we can engineer pathways in our hybrids to photosynthetically produce limonene, which belongs to a class of molecules called terpenoids, which are also precursors to many high-value compounds such as fuels, anticancer and antimalarial drugs."

Mehta said that their goals for this line of research are to determine if their method can produce more complex compounds, like fuels and pharmaceuticals, and if so, work on scaling up the process to be marketable.

"I think it would be incredible to get to the point where we could assure that every bit of carbon in a high-value compound comes from CO2," Mehta said. "This could be one way to recycle CO2 waste in the future."

The team also said that in their quest to understand and perfect endosymbiotic systems to advance biotechnology, they will also answer many fundamental evolutionary questions along the way. "This will happen whether we intend it or not," Mehta said. "We are always keeping an eye on how our work can answer some of the mysteries behind how life evolved. In my view, the best way to engineer endosymbiotic systems will be by recreating the evolution process in the lab. Finding answers to some of biology's biggest questions will come naturally."

Illinois researchers Yang-le Gao, Jason Cournoyer, Bidhan De, Catherine Wallace, Alexander Ulanov and Michael La Frano also participated in this study. The National Institutes of Health supported this research.
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Oxygen produced in the deep sea raises questions about extraterrestrial life | ScienceDaily
Over 12,000 feet below the surface of the sea, in a region of the Pacific Ocean known as the Clarion-Clipperton Zone (CCZ), million-year-old rocks cover the seafloor. These rocks may seem lifeless, but nestled between the nooks and crannies on their surfaces, tiny sea creatures and microbes make their home, many uniquely adapted to life in the dark.


						
These deep-sea rocks, called polymetallic nodules, don't only host a surprising number of sea critters. A team of scientists that includes Boston University experts has discovered they also produce oxygen on the seafloor.

The discovery is a surprise considering oxygen is typically created by plants and organisms with help from the sun -- not by rocks on the ocean floor. About half of all the oxygen we breathe is made near the surface of the ocean by phytoplankton that photosynthesize just like land-dwelling plants. Since the sun is needed to carry out photosynthesis, finding oxygen production at the bottom of the sea, where there is no light, flips conventional wisdom on its head. It was so unexpected that scientists involved in the study first thought it was a mistake.

"This was really weird, because no one had ever seen it before," says Jeffrey Marlow, a BU College of Arts & Sciences assistant professor of biology and coauthor on the study, which was published in Nature Geoscience.

As an expert in microbes that live in the most extreme habitats on Earth -- like hardened lava and deep-sea hydrothermal vents -- Marlow initially suspected that microbial activity could be responsible for making oxygen. The research team used deep-sea chambers that land on the seafloor and enclose the seawater, sediment, polymetallic nodules, and living organisms. They then measured how oxygen levels changed in the chambers over 48 hours. If there are plentiful organisms breathing oxygen, then the levels would normally decline, depending on how much animal activity is present in the chamber. But in this case, oxygen was increasing.

"We did a lot of troubleshooting and found that the oxygen levels increased many more times following that initial measurement," Marlow says. "So we're now convinced it's a real signal."

He and his colleagues were aboard a research vessel tasked with learning more about the ecology of the CCZ, which spans 1.7 million square miles between Hawaii and Mexico, for an environmental survey sponsored by The Metals Company, a deep-sea mining firm interested in extracting the rocks en masse for metals. After running experiments on board the vessel, Marlow and the team, led by Andrew Sweetman at the Scottish Association for Marine Science, concluded the phenomenon isn't primarily caused by microbial activity, despite the abundance of many different types of microbes both on and inside the rocks.




Polymetallic nodules are made of rare metals, including copper, nickel, cobalt, iron, and manganese, which is why companies are interested in mining them. It turns out, according to the study, that those densely packed metals are likely triggering "seawater electrolysis." This means that metal ions in the rock layers are distributed unevenly, creating a separation of electrical charges -- just like what happens inside of a battery. This phenomenon creates enough energy to split water molecules into oxygen and hydrogen. They named this "dark oxygen," since it's oxygen made with no sunlight. What remains unclear is the exact mechanism of how this happens, if oxygen levels vary across the CCZ, and if the oxygen plays a significant role in sustaining the local ecosystem.

The Metals Company calls polymetallic nodules a "battery in a rock," and on its website states that mining them could accelerate the transition to battery-powered electric vehicles and claims mining on land would eventually no longer be necessary. So far, mining in the CCZ is exploratory, but the United Nations International Seabed Authority, which manages the area, could start making decisions about mining as soon as next year. The Metals Company is working with the Pacific states of Nauru, Tonga, and Kiribati to gain access to mining licenses, but many other nations in the South Pacific, including Palau, Fiji, and Tuvalu, have vocally supported a moratorium or a pause to mining plans. Environmental activist groups like Greenpeace and Ocean Conservancy are calling for a permanent ban, and opponents of the operation fear it could cause irreversible damage to the seafloor.

In the meantime, scientists have begun studying the potential impacts of disturbing a largely unexplored ecosystem. This Nature Geoscience paper contributes insights about the baseline conditions of the area before any large-scale mining begins.

"We don't know the full implications, but to me this finding suggests that we should deeply consider what altering these systems would do to the animal community," Marlow says, since all animals need oxygen to survive.

The CCZ is also the perfect environment to study the planet's smallest organisms, such as bacteria and archaea (single-celled organisms) found in sediments and on the nodules. Marlow and his coauthor Peter Schroedl (GRS'25), a PhD student in BU's ecology, behavior, and evolution program, are especially focused on using microbes found in extreme environments like the CCZ as templates for finding single-celled life on other planets and moons -- since deserts, volcanoes, and seafloor vents are the most similar places we have to Mars and Saturn's many moons. This is called astrobiology, a field that seeks to inform the search for extraterrestrial life by studying Earth's systems.

"Life in environments like the CCZ provides an opportunity to study ecosystems that developed under distinct evolutionary pressures and constraints," says Schroedl, who works in Marlow's lab. Those conditions -- the depth, pressure, and aquatic environment -- are "analogous to conditions we have measured or expect to discover on icy moons," he says.

For example, Jupiter's moon, Enceladus, and Saturn's moon, Europa, are covered with layers of ice with no sunlight reaching that water trapped underneath. "Who knows -- if these types of rocks are under the ice making oxygen, that could allow a more productive biosphere to exist," Marlow says. "If photosynthesis isn't required to make oxygen, then other planets with oceans and metal-rich rocks like these nodules could sustain a more evolved biosphere than we've thought possible in the past."

There are plenty of questions to continue asking, Marlow says, about what the dark oxygen discovery means for extraterrestrial oceans and our own.

"For the most part, we think of the deep sea as a place where decaying material falls down and animals eat the remnants. But this finding is recalibrating that dynamic," he says. "It helps us to see the deep ocean as a place of production, similar to what we have found with methane seeps and hydrothermal vents that create oases for marine animals and microbes. I think it's a fun inversion of how we tend to think about the deep sea."
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Immune system that bacteria use to respond to viral infections | ScienceDaily
Scientists at Montana State University have been studying unique immune systems for decades, and a research team in the Department of Microbiology and Cell Biology took another step forward with work described in a paper published in the highly regarded journal Nature.


						
The Aug. 7 paper, titled "A virally-encoded tRNA neutralizes the PARIS antiviral defense system," was fast-tracked for publication by the journal due to the importance of the findings. MSU doctoral student Nate Burman is the lead author, along with professor Blake Wiedenheft, six other MSU scientists and collaborators from France, Russia and Sweden.

The research explores the PARIS immune system, which bacteria use to protect themselves against viral infections. Work with PARIS, which stands for Phage Anti-Restriction Induced System, builds on Wiedenheft's ongoing research into CRISPR, or Clustered Regularly Interspaced Short Palindromic Repeats, a field in which Wiedenheft is an internationally leading scientist.

"In nature, CRISPRs are part of a family of adaptive immune systems in bacteria, but scientists have repurposed these immune systems as programmable molecular scalpels that are now being used to repair damaged DNA for lifesaving therapies," said Burman, who is beginning the third year of his doctoral studies. "But CRISPRs aren't the only bacterial immune systems that exist. What's unique about PARIS is that it recognizes viral proteins instead of nucleic acid. That's similar to how a human immune response works. PARIS is totally different from a human immune system, but the conceptual analogy is intriguing."

One of the crucial new findings in the paper is the first complete image of what the PARIS system looks like. To generate that image, Burman used a unique, ultra-high-powered microscope housed at MSU. It is equipment that few campuses nationwide have access to, housed in MSU's Cryo-EM Core Facility, and MSU was only the second university in the region to acquire one back in 2021.

"Using a new state-of-the-art cryo-electron microscope at MSU, Nate was able to 'see' the PARIS complex that forms inside of a bacterial cell," said Wiedenheft. "It's wild to think that we can now peer into cells and see the machines that do the work necessary to maintain life or defend it from infection."

The structure of PARIS reveals a propeller-shaped complex that consumes ATP, or energy, in search of invading viral proteins. Foreign protein detection triggers the release of a toxin that shuts down viral replication, protecting healthy cells.

There are numerous PARIS immune systems that operate in different ways, Burman said, and the next steps in this research will include identifying the triggers that activate those systems. Knowing how PARIS recognizes a viral attack and initiates a response could advance understanding of how different types of immunity provide protection, including in organisms beyond bacteria.

As researchers in Wiedenheft's lab continue to operate on the forefront of structural biology, Burman said the institutional support for their scientific work has fostered a collaborative domain for scientists, regardless of where they are in their career. Burman's own research experience in Bozeman began when he was an undergraduate student at Carroll College in Helena and participated in a research experience for undergraduates, or REU, at MSU. Now, he relishes the opportunity to be a mentor to the young scientists coming after him.

"Blake's support is huge, and he really pushes us think big about small proteins, how they work in nature and how we might use them in new ways," Burman said.
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What microscopic fossilized shells tell us about ancient climate change | ScienceDaily
At the end of the Paleocene and beginning of the Eocene epochs, between 59 to 51 million years ago, Earth experienced dramatic warming periods, both gradual periods stretching millions of years and sudden warming events known as hyperthermals.


						
Driving this planetary heat up were massive emissions of carbon dioxide (CO2) and other greenhouse gases, but other factors like tectonic activity may have also been at play.

New research led by University of Utah geoscientists pairs sea surface temperatures with levels of atmospheric CO2 during this period, showing the two were closely linked. The findings also provide case studies to test carbon cycle feedback mechanisms and sensitivities critical for predicting anthropogenic climate change as we continue pouring greenhouse gases into the atmosphere on an unprecedented scale in the planet's history.

"The main reason we are interested in these global carbon release events is because they can provide analogs for future change," said lead author Dustin Harper, a postdoctoral researcher in the Department of Geology & Geophysics. "We really don't have a perfect analog event with the exact same background conditions and rate of carbon release."

But the study published Monday in the Proceedings of the National Academy of Sciences, or PNAS, suggests emissions during two ancient "thermal maxima" are similar enough with today's anthropogenic climate change to help scientists forecast its consequences.

The research team analyzed microscopic fossils -- recovered in drilling cores taken from an undersea plateau in the Pacific -- to characterize surface ocean chemistry at the time the shelled creatures were alive. Using a sophisticated statistical model, they reconstructed sea surface temperatures and atmospheric CO2 levels over a 6-million-year period that covered two hyperthermals, the Paleocene-Eocene Thermal Maximum, or PETM, 56 million years ago and Eocene Thermal Maximum 2, ETM-2, 54 million years ago.

The findings indicate that as atmospheric levels of CO2 rose, so too did global temperatures.




"We have multiple ways that our planet, that our atmosphere is being influenced by CO2 additions, but in each case, regardless of the source of CO2, we're seeing similar impacts on the climate system," said co-author Gabriel Bowen, a U professor of geology & geophysics.

"We're interested in how sensitive the climate system was to these changes in CO2. And what we see in this study is that there's some variation, maybe a little lower sensitivity, a lower warming associated with a given amount of CO2 change when we look at these very long-term shifts. But that overall, we see a common range of climate sensitivities."

Today, human activities associated with fossil fuels are releasing carbon 4 to 10 times more rapidly than occurred during these ancient hyperthermal events. However, the total amount of carbon released during the ancient events is similar to the range projected for human emissions, potentially giving researchers a glimpse of what could be in store for us and future generations.

First scientists must determine what happened to the climate and oceans during these episodes of planetary heating more than 50 million years ago.

"These events might represent a mid- to worst-case scenario kind of case study," Harper said. "We can investigate them to answer what's the environmental change that happens due to this carbon release?"

Earth was very warm during the PETM. No ice sheets covered the poles and ocean temperatures in the mid-90s degrees Fahrenheit.




To determine oceanic CO2 levels the researchers turned to fossilized remains of foraminifera, a shelled single-cell organism akin to plankton. The research team based the study on cores previously extracted by the International Ocean Discovery Program at two locations in Pacific.

The foram shells accumulate small amounts of boron, the isotopes of which are a proxy reflecting CO2 concentrations in the ocean at the time the shells formed, according to Harper.

"We measured the boron chemistry of the shells, and we're able to translate those values using modern observations to past seawater conditions. We can get at seawater CO2 and translate that into atmospheric CO2," Harper said. "The goal of the target study interval was to establish some new CO2 and temperature records for the PETM and ETM-2, which represent two of the best analogs in terms of modern change, and also provide a longer-term background assessment of the climate system to better contextualize those events."

The cores Harper studied were extracted from Shatsky Rise in the subtropical North Pacific, which is an ideal location for recovering ocean-bottom sediments that reflect conditions in the ancient past.

Carbonate shells dissolve if they settle into deep ocean, so scientists must look to underwater plateaus like Shatsky Rise, where the water depths are relatively shallow. While their inhabitants were living millions of years ago, the foraminifera shells record the sea surface conditions.

"Then they die and sink to the sea floor, and they're deposited in about two kilometers of water depth," Harper said. "We're able to retrieve the complete sequence of the dead fossils. At these places in the middle of the ocean, you really don't have a lot of sediment supply from continents, so it is predominantly these fossils and that's all. It makes for a really good archive for what we want to do."
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Matching dinosaur footprints found on opposite sides of the Atlantic Ocean | ScienceDaily
An international team of researchers led by SMU paleontologist Louis L. Jacobs has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.


						
More than 260 footprints were discovered in Brazil and in Cameroon, showing where land-dwelling dinosaurs were last able to freely cross between South America and Africa millions of years ago before the two continents split apart.

"We determined that in terms of age, these footprints were similar," Jacobs said. "In their geological and plate tectonic contexts, they were also similar. In terms of their shapes, they are almost identical."

The footprints, impressed into mud and silt along ancient rivers and lakes, were found more than 3,700 miles, or 6,000 kilometers, away from each other. Dinosaurs made the tracks 120 million years ago on a single supercontinent known as Gondwana -- which broke off from the larger landmass of Pangea, Jacobs said.

"One of the youngest and narrowest geological connections between Africa and South America was the elbow of northeastern Brazil nestled against what is now the coast of Cameroon along the Gulf of Guinea," Jacobs explained. "The two continents were continuous along that narrow stretch, so that animals on either side of that connection could potentially move across it."

Most of the dinosaur fossils were created by three-toed theropod dinosaurs.. A few were also likely made by sauropods or ornithischians, said Diana P. Vineyard, who is a research associate at SMU and co-author of the study.

Other co-authors of the study were Lawrence J. Flynn in the Department of Human Evolutionary Biology at Harvard University, Christopher R. Scotese in the Department of Earth and Planetary Sciences at Northwestern University and Ismar de Souza Carvalho at the Universidade Federal do Rio de Janeiro and Centro de Geociencias.




The study was published by New Mexico Museum of Natural History & Science in a tribute to the late paleontologist Martin Lockley, who spent much of his career studying dinosaurs tracks and footprints.

Dinosaur footprints tell the whole story

Africa and South America started to split around 140 million years ago, causing gashes in Earth's crust called rifts to open up along pre-existing weaknesses. As the tectonic plates beneath South America and Africa moved apart, magma from the Earth's mantle rose to the surface, creating new oceanic crust as the continents moved away from each other. And eventually, the South Atlantic Ocean filled the void between these two newly-shaped continents.

Signs of some of those major events were evident between both locations where the dinosaur footprints were found -- at the Borborema region in the northeast part of Brazil and the Koum Basin in northern Cameroon. Half-graben basins -- geologic structures formed during rifting as the Earth's crust pulls apart and faults form -- are found in both areas and contain ancient river and lake sediments. Along with dinosaur tracks, these sediments contain fossil pollen that indicate an age of 120 million years.

Before the continental connection between Africa and South America was severed, "rivers flowed and lakes formed in the basins" Jacobs said. "Plants fed the herbivores and supported a food chain. Muddy sediments left by the rivers and lakes contain dinosaur footprints, including those of meat-eaters, documenting that these river valleys could provide specific avenues for life to travel across the continents 120 million years ago."
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Mapping the sex life of Malaria parasites at single cell resolution, reveals the genetics underlying Malaria transmission | ScienceDaily
Malaria is caused by a eukaryotic microbe of the Plasmodium genus, and is responsible for more deaths than all other parasitic diseases combined. In order to transmit from the human host to the mosquito vector, the parasite has to differentiate to its sexual stage, referred to as the gametocyte stage. Unlike primary sex determination in mammals, which occurs at the chromosome level, it is not known what causes this unicellular parasite to form males and females. New research at Stockholm University has implemented high-resolution genomic tools to map the global repertoire of genes of gametocyte development towards the male or the female sexual fates.


						
The study, published in Nature Communications, uncovers the genes that are expressed in Plasmodium falciparum, the deadliest among the malaria parasites, from the very onset of sexual stage development until they reach maturity. At this point, the male and female gametocytes are ready to be taken up by the female Anopheles mosquito in order to initiate the unrelenting transmission cycle.

"We have combined state-of-the-art single-cell genomics with a novel computational approach to define the expression of several important genetic regulators along the developmental trajectory of male and female gametocytes," says Johan Ankarklev, Associate Professor at the department of Molecular Biosciences, the Wenner Gren Institute, and senior author of the study.

The research from Stockholm University, performed in collaboration with Dr. Johan Henriksson at MIMS -- Umea University and the Microbial Single Cell Genomics facility at SciLifeLab, is important for improving our understanding of the genetics underlying malaria transmission. A widely conserved family of transcription factors called the ApiAP2, has emerged as key regulators of gene expression during Plasmodium lifecycle-stage differentiation and development.

"Our high-resolution data enabled us to computationally link the expression of several of these ApiAP2 genes with either the male or the female lineage, implicating their involvement in sexual cell fate determination. Importantly, we also established a large set of novel candidate "driver" genes of the male and the female cell fates, which we are currently further exploring in the lab using CRISPR technology," Johan Ankarklev continues.

The study contributes important findings to the malaria community but also to the greater scientific community:
    	From a clinical perspective, treatment strategies have historically targeted the highly symptomatic, asexual blood stage of infection, with variable degrees of success. Importantly, current treatment strategies do not inhibit malaria transmission. This study provides new and important genetic markers for the future development of transmission blocking therapies, which is the only way to inhibit the spread of malaria.
    	From an evolutionary perspective, considering that Plasmodium is an ancient microbial eukaryote that produces males and females, the new data and analyses contribute novel information and clues regarding the evolution of sex in eukaryotes.

There is currently little knowledge about malaria's sexual reproduction

Most eukaryotes undergo sexual reproduction to ensure diversity and fitness selection. In animals, sex determination most commonly involves males and females. However, among the vast diversity of organisms that make up the eukaryotic microbes, the systems by which sex is defined are highly diverse and often cryptic. The malaria parasite, Plasmodium spp., belongs to the Apicomplexan phylum, a group of obligate invasive, unicellular parasites, which form male and female gametes. The French scientist, Alphonse Laveran, first described the crescent-shaped malaria gametocyte in 1880, two decades later the British physician, Robert Ross, made the discovery that malaria was transmitted by mosquitoes. Despite these important discoveries, it is only in recent years that significant progress has been made in improving our understanding of the biology of the malaria transmission stages, thanks to new and groundbreaking biotechnology.




How new genomic tools enable progress in malaria research

Single-cell transcriptome profiling allows a snap-shot of a large array of genes expressed in one cell, in this case one malaria parasite, at a given point of development. When adding thousands of single cell transcriptomes to the analysis it becomes a powerful tool for determining genetic pathways and developmental bifurcations, which is essential for lineage tracing.

"By combining Pseudotime and RNA Velocity, two recently developed computational tools, we aligned the several thousands of cells along a branched pseudo-time axis, second, we used RNA velocity estimates to define the splicing kinetics among transcripts across the developmental axes. This then allowed us to predict a large panel of putative "driver genes" for the male and the female sexual fates, and interestingly, a large number of these genes have previously not been annotated, says Mubasher Mohammed, a former PhD student at the Ankarklev Lab and lead author of the study.

Researcher with first-hand experience

Mubasher grew up in Sudan where he experienced the devastating effects of malaria first hand.

"It is a fun time to be a scientist, where new technologies enable us to make giant leaps in our understanding of different types of diseases that plague human kind," says Mubasher Mohammed.




Transmission a vulnerable stage

The malaria transmission stage marks a dramatic decrease in the parasite population numbers making it an attractive target for antimalarial control efforts.

"When such a bottleneck occurs in the population, it becomes more vulnerable to drugs and environmental factors. By delineating the molecular mechanisms of gametocyte development, we can target these pathways to develop effective transmission-blocking strategies, vital for malaria eradication efforts," says Alexis Dziedziech, a previous postdoc at the AnkarklevLab and co-author on the study.

Facts about malaria
    	Malaria remains a large global health burden as it is estimated to infect 230 million people and cause more than 600,000 deaths per year, mainly children in Sub-Saharan Africa. Over a hundred species of Plasmodium exist, where five are known to infect humans. Plasmodium falciparum is responsible for the vast majority of severe cases and deaths.
    	Malaria is a vector-borne disease, meaning that transmission from person-to-person occurs via an arthropod vector, namely the Anopheles mosquito. Symptoms usually appear 10-15 days after the mosquito bite and start with fever, headache and chills. If left untreated it will commonly lead to serious illness, including cerebral malaria, severe anemia and/or respiratory distress.
    	Treatments are available, where artemisinin-based combination therapy is currently the best alternative for P. falciparum. However, the malaria parasite is known for its ability to develop resistance to all commercially available drugs.

Facts about the Apicomplexa
    	The Apicomplexan phylum contains a diverse group of eukaryotic microbes, which all share a group of structures and organelles termed the apical complex. The apical complex contains components required for host cell invasion.
    	The Apicomplexa have highly complex lifecycles including multiple different developmental stages, where all are obligate parasites at some part of the lifecycle and some even infect two separate hosts for their asexual and sexual stages, which is the case for the malaria parasite.
    	Diseases caused by Apicomplexan organisms include: Malaria, Toxoplasmosis, Cryptosporidiosis, Babesiosis and Cyclosporiasis.
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Scientific consensus can strengthen pro-climate attitudes in society | ScienceDaily
Climate scientists have long agreed that humans are largely responsible for climate change. A new study, co-led by Bojana Ve?kalov from the University of Amsterdam and Sandra Geiger from the University of Vienna, finds that communicating the scientific consensus about climate change can clear up misperceptions and strengthen beliefs about the existence and the causes of climate change. The team surveyed over 10,000 people from 27 countries on 6 continents. The study has just been published in the journal Nature Human Behaviour. 


						
Scientific consensus identifying humans as primarily responsible for climate change is not new and was already forming in the 1980s. Today, 97% to 99.9% of climate scientists agree that climate change is happening and that human activity is the primary cause. Over the past decade, researchers have begun to study the effects of communicating this overwhelming consensus -- with promising results. So far, however, such studies have primarily been conducted in the United States. "As is the case with many findings in behavioral science, we know little about the effects of communicating this consensus beyond the United States. Our study now takes an extensive and detailed look at these effects," says environmental psychologist Sandra Geiger from the University of Vienna.

The international research team of 46 collaborators showed different scientific consensus messages to more than 10,500 people and subsequently asked them about their opinions on climate change. "We observed that previous findings from the United States hold true in other parts of the world as well," explains co-lead author Bojana Veckalov from the University of Amsterdam. Across all 27 countries, people responded similarly to the scientific consensus on the existence and causes of climate change. Co-lead author Geiger further explains: "Prior to reading about the consensus among climate scientists, people estimated this consensus to be much lower than it really is. In response to reading about it, they adjusted their own perceptions, believed more in climate change, and worried more about it -- but they did not support public action on climate change more."

88% of climate scientists additionally agree that climate change constitutes a crisis. How do people react when they learn about this additional crisis consensus? Interestingly, this added piece of information did not have any effects. Co-lead author Veckalovexplains: "We believe that the gap between the actual and perceived consensus could have played a role. When it came to consensus on the existence and causes of climate change, respondents thought the scientific consensus was lower than it actually was, adjusted their estimate, and revised their beliefs. In the case of the crisis consensus, the respondents' estimate was substantially closer to the actual consensus, and this gap was likely not big enough to alter beliefs about climate change."

These new findings show that it is important to continue emphasizing the consensus among climate scientists -- be it in the media or in our everyday lives when we have conversations about climate change and its impacts. "Especially in the face of increasing politicization of science and misinformation about climate change, cultivating universal awareness of the scientific consensus will help protect public understanding of the issue," adds senior author Sander van der Linden from the University of Cambridge. "Beyond climate change communication, these findings also underscore the importance of testing previous findings in behavioral science globally. Such endeavors are only possible if we bring together researchers worldwide," summarizes study co-lead Sandra Geiger.
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Study finds salamanders are surprisingly abundant in northeastern forests | ScienceDaily
Two recent amphibian-focused studies shed light on the ecological importance of red-backed salamanders, while confirming that proactive measures would prevent costly impacts from a wildlife disease spreading across Europe that has not yet reached North America.


						
Scientists knew that red-backed salamanders were abundant in eastern North America, but a recent study found their densities and biomass across the region were much higher than expected. The study authors estimated an average of 5,300 salamanders in every patch of forest the size of a football field in the Northeast. Even though each individual is a mere 3 inches long, the sheer number of red-backed salamanders means that they also have some of the highest biomass estimated for animals other than insects in the Northeast, similar to or greater than white-tailed deer.

The study, "Range-wide Salamander Densities Reveal a Key Component of Terrestrial Vertebrate Biomass in Eastern North American Forests," conducted by U.S. Geological Survey and many partner institutions, was the first time that the densities and biomass for this common, but rarely seen, species were calculated across the extent of its range.

The incredible magnitude of red-backed salamander presence in the Northeast captured in this study suggests that red-backed salamanders, and likely amphibians in general, play a more prevalent role in terrestrial temperate ecosystems than previously suspected.

"The very large biomass of red-backed salamanders tells us that they are likely 'small but mighty' in terms of their role in the ecological health of northeastern forests," said Evan Grant, lead author and USGS research wildlife biologist. "If red-backed salamanders disappeared, there would probably be some pretty large ecosystem-level consequences."

Many salamanders, like the red-backed salamander, are tiny and spend the majority of their time underground, so it's easy for most people to overlook them. In fact, Grant commonly refers to salamanders and other amphibians as "hidden biodiversity" because, though they are often abundant, they hide well. But that doesn't mean people should overlook their ecological roles. Salamanders eat things that bigger consumers can't eat and are themselves prey for other animals, meaning salamanders punch above their weight in an ecosystem's food web.

"Salamanders serve a vital function in forest ecosystems," explained David Miller, professor of wildlife ecology at Penn State and co-author of the study. "They are at the top of the food chain on the forest floor, where everything is breaking down into the soil that sustains this entire network of life. In fact, salamanders are so important to this life cycle that we can use them as a barometer for forest health."

Unfortunately, just as scientists are beginning to understand the true magnitude of salamanders' 'hidden biodiversity' and ecological importance, a new wildlife disease that is particularly hard on salamanders is a looming threat and a serious concern for scientists and wildlife managers.




Batrachochytrium salamandrivorans, or Bsal for short, is a fungal disease closely related to the chytrid fungus that is already devastating amphibian populations around the world. It was first found in the Netherlands in 2013. Sadly, since its introduction, Bsal has decimated the salamander populations in central Europe and continues to spread across Europe.

Bsal hasn't been detected in the U.S. yet, so scientists and wildlife managers are preparing for its arrival. There is a North American Bsal Task Force whose mission is to limit the invasion and reduce the impact of Bsal in North America. However, natural resource managers ran into a problem when trying to enact proactive management guidance for a disease that isn't even on U.S. shores yet.

They needed evidence that proactive management would be more effective than waiting to respond until the disease is detected in the wild. So, Grant co-authored another recent paper that tested a series of proactive and reactive management actions to forecast the impact on salamander populations over time.

This study, "Proactive management outperforms reactive actions for wildlife disease control," used computer modeling to confirm what seems intuitively obvious: namely, initiating management of wild populations before Bsal arrives is, in fact, more successful at achieving the management goal of keeping salamanders from disappearing than waiting until after Bsal is detected or not doing anything at all.

"If we do nothing to manage Bsal, the model forecasted that the disease would be catastrophic to North American salamander species," said Molly Bletz, assistant professor of disease ecology at Penn State and lead author of the second study. "This study gives strong quantitative support to proactive management actions. Basically, if we want these at-risk salamander species to be around in the future, doing something proactively is our best bet."

The types of proactive management actions considered included:
    	making it harder for amphibians to spread the disease amongst themselves through installing barriers or increasing habitat complexity;
    	reducing Bsal fungal spores in aquatic habitats by temporarily raising the water temperatures, increasing the salinity, or increasing the abundance of zooplankton that consume funguses;
    	helping amphibians fight off the disease by improving their health through supplemental feeding, etc., increasing the abundance of local, beneficial anti-fungal microbes, or through vaccination.

While this second study did not estimate how proactive management for Bsal may affect other parts of the ecosystem, visitor satisfaction or financial cost, Bletz, Grant and others are already working on estimating these outcomes so that managers have a full accounting of the relative benefit of proactive versus reactive management.

"With a new understanding of how incredibly prevalent salamanders are in an ecosystem, and with the empirical justification for the benefits of proactive management for salamander populations threatened by Bsal, it is more critical than ever to protect the 'hidden biodiversity' of amphibians," said Bletz.
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Darwin's fear was unjustified: Writing evolutionary history by bridging the gaps a big issue | ScienceDaily
Fossils are used to reconstruct evolutionary history, but not all animals and plants become fossils and many fossils are destroyed before we can find them (e.g., the rocks that contain the fossils are destroyed by erosion). As a result, the fossil record has gaps and is incomplete, and we're missing data that we need to reconstruct evolutionary history. Now, a team of sedimentologists and stratigraphers from the Netherlands and the UK examined how this incompleteness influences the reconstruction of evolutionary history. To their surprise, they found that the incompleteness itself is actually not such a big issue. "It's as if you are missing half of a movie. If you are missing the second half, you can't understand the story, but if you are missing every second frame, you can still follow the plot without problems."


						
"The regularity of the gaps, rather than the incompleteness itself, is what determines the reconstruction of evolutionary history," explains Niklas Hohmann of Utrecht University's Faculty of Geosciences, who led the study. "If a lot of data is missing, but the gaps are regular, we could still reconstruct evolutionary history without major problems, but if the gaps get too long and irregular, results are strongly biased."

Darwin

Since Charles Darwin published his theory of evolution, the incompleteness of the fossil record has been considered problematic for reconstructing evolutionary history from fossils. Darwin feared that the gradual change that his theory predicted would not be recognizable in the fossil record due to all the gaps. "Our results show that this fear is unjustified. We have a good understanding of where the gaps are, how long they are and what causes them. With this geological knowledge, we can reconstruct evolution hundreds of millions of years ago at an unprecedented temporal resolution," says Niklas Hohmann.

Simulations

Computer simulations of geological processes at timescales longer than any historical records can be used to examine the effects of the incompleteness. To that end, Hohmann and his team combined simulations of different modes of evolution with depositions of carbonate strata to examine how well the mode of evolution can be recovered from fossil time series, and how test results vary between different positions in the carbonate platform and multiple stratigraphic architectures generated by different sea level curves. "If Darwin could read the article, he would certainly be relieved: his theory has proven robust to the vagaries of the rock record. Deep-time fossil data -- however incomplete -- supports our understanding of the mode and tempo of evolution."
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Study finds nearly half of U.S. counties have at least one 'pharmacy desert' | ScienceDaily
Nearly half of counties in the United States have at least one 'pharmacy desert' where there is no retail pharmacy within 10 miles, according to a new study published by researchers at The Ohio State University Comprehensive Cancer Center -- Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (OSUCCC -- James).


						
"As pharmacies close, more and more Americans are left without easy access to medications, with disproportionate consequences on certain communities. We found that patients in counties with higher social vulnerabilities and fewer primary care providers were up to 40% more likely to reside in a region with a pharmacy desert," said Timothy Pawlik, MD, senior author of the study and holder of the Urban Meyer III and Shelley Meyer Chair for Cancer Research at the OSUCCC -- James. Pawlik also serves as surgeon-in-chief at The Ohio State University Wexner Medical Center and as chair of the Department of Surgery in the Ohio State College of Medicine.

The U.S. Centers for Disease Control (CDC) defines social vulnerability as "potential negative effects on communities caused by external stresses on human health."

"These findings highlight how disparities compound the lack of access to basic health care and how it can lead to many people not taking their prescribed medications and having worse health outcomes, especially for chronic conditions like diabetes and hypertension," Pawlik added.

Study results were published today in JAMA Network Open.

Methods and Results

Researchers reviewed data on communities located less than 10 miles from the nearest retail pharmacy from the publicly available TelePharm Map. Counties were noted as having a high pharmacy desert density if the number of pharmacy deserts per 1,000 residents was in the 75th percentile. Social vulnerability index (SVI) and healthcare provider data were obtained from the CDC's Agency for Toxic Substances and Disease Registry and the Area Health Resource File databases, respectively. The researchers used statistical methods to analyze the relationships between these factors.

The study found almost 46% of the 3,143 counties had at least one pharmacy desert. Counties with a high density of pharmacy deserts had higher social vulnerability and fewer primary care providers. People in these high-density pharmacy desert areas were more likely to face difficulties accessing medications and healthcare services.

Collaborators in this study include Giovanni Catalano, MD, Muhammad Muntazir Mehdi Khan, MBBS, and Odysseas P. Chatzipanagiotou, MD.
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CRISPR-based genome editing in Nile grass rats | ScienceDaily
A team of researchers at Michigan State University has discovered a set of methods that enabled the first successful CRISPR-based genome editing in Nile grass rats.


						
The study, published in BMC Biology, is the first to successfully edit genomes in Nile grass rats. As diurnal rodents, Nile grass rats have similar sleep/awake patterns to humans which could be advantageous in preclinical or translational research.

Currently, preclinical research relies heavily on laboratory mice, which are nocturnal rodents who are active at night and sleep during the day. With these different sleep patterns, diurnal and nocturnal mammals have evolved differently, including having a distinct wiring of neural circuits and gene-regulatory networks.

"The differences between diurnal and nocturnal mammals present a significant translational flaw when applying the research findings obtained from mice to humans. Numerous therapeutic agents such as neuroprotectants proven effective in mouse or rat models of cerebral ischemia have failed in human clinical stroke trials, with mounting evidence suggesting the nocturnal and diurnal differences causing such failures," said Lily Yan, co-author of the study and professor in MSU's Department of Psychology.

Katrina Linning-Duffy and Jiaming Shi, also co-authors on the research, work in Yan's Lab.

Because the differences between diurnal and nocturnal animals are complex, the researchers believe a diurnal model is essential to untangle the relationship between genes and behaviors that are relevant to human health and disease.

The method developed includes a superovulation protocol that can yield nearly 30 eggs per female. They also developed protocols for in vitro -- outside of the body -- embryo culture and manipulation and in vivo -- in the living body -- gene targeting using GONAD, or Genome editing via Oviductal Nucleic Acids Delivery, methods.




The Nile grass rat colony is a unique resource available at MSU. Thanks to the joint efforts of the departments of Psychology and Integrative Biology and the Transgenic and Genome Editing Facility, a Nile grass rat colony was established on campus in 1993.

Research projects at MSU involving Nile grass rats have been continuously funded for more than 30 years. Animals from the MSU grass rat colony have been shared with over 20 research labs in the U.S., Canada, Belgium, China and Japan that study topics including circadian rhythms and sleep, mood and cognition, immune function, metabolic syndromes and evolutionary biology.

Huirong Xie is the program director of MSU's Transgenic and Genome Editing Facility.

"We hope that Nile grass rats will eventually become an alternative mammalian model to investigate genes' roles in any biological processes, particularly in which chronotype (diurnal vs. nocturnal) is a critical biological variable," Yan said. "This study will be an essential first step towards the far-reaching goal."

Co-authors on the research are Huirong Xie, program director of MSU Transgenic and Genome Editing Facility; Katrina Linning-Duffy and Jiaming Shi, who work in Yan's Lab.
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Two epicenters led to Japan's violent Noto earthquake on New Year's Day | ScienceDaily
The first seven months of 2024 have been so eventful, it's easy to forget that the year started off with a magnitude 7.5 earthquake centered beneath Japan's Noto Peninsula on New Year's Day. The earthquake killed more than 280 people and damaged more than 83,000 homes.


						
Geologists have now discovered that the earthquake began almost simultaneously at two different points on the fault, allowing the seismic rupture to encircle and break through a resistant area on the fault known as a barrier. This rare "dual-initiation" mechanism applied intense pressure from both sides of the barrier, leading to the powerful release of energy and substantial ground shaking across the Noto Peninsula.

The Noto earthquake was preceded by intense seismic swarms, which are sequences of many small earthquakes that can sometimes lead to a larger, catastrophic event. By using advanced seismic and geodetic technologies, the research team meticulously analyzed the movements within the Earth during this swarm that led to the earthquake.

The study, published in the journal Science, offers insight into the role of fault barriers, also known as asperities, in earthquake genesis, and will help improve seismic risk assessments and future earthquake forecasting.

Earthquakes happen when fractures in the Earth's crust, known as faults, allow blocks of rocks on either side of the fault to move past each other. This movement is localized, not continuous along the fault line, because the line is not even or smooth, which dissipates energy and eventually stops the movement.

A barrier is a rough area that locks the two sides of a fault in place. Barriers absorb the energy of fault movement, slowing it down or stopping it altogether. But there's only so much energy the barrier can absorb, and under the right conditions, the pent-up energy causes it to break violently, leading to strong shaking. A swarm of small earthquakes might not be enough to break a barrier, but if much stronger subsequent movement occurs on the fault, the barrier's rupture will release all that stored-up energy.

Led by Lingsen Meng, a UCLA associate professor of earth, planetary and space sciences, UCLA graduate student Liuwei Xu and UC Santa Barbara geophysics professor Chen Ji, an international team of researchers from the United States, France, China and Japan analyzed geospatial data and recordings of seismic waves to understand the relationships between the swarm of smaller tremors and the larger earthquake that followed them. They identified a previously unknown barrier in the region of the swarm.




To their surprise, the New Year's Day earthquake began almost simultaneously in two separate locations on the fault. Energy from each location moved toward the barrier, causing a violent rupture and extremely strong shaking.

"The earthquake started in two places and circled together," Meng said. "The first one started waves that traveled fast and triggered a different epicenter. Then both parts propagated outward together and met in middle, where the barrier was, and broke it."

The mechanics resemble bending a pencil on both ends until it snaps in the middle.

The finding was surprising because although dual initiation, as the process is known, has been seen in simulations, it has been much harder to observe in nature. Dual-initiation mechanisms require just the right conditions, which can be set in the lab but are less predictable in the real world.

"We were able to observe it because Japan has very good seismic monitoring stations and we also used GPS and satellite radar data. We grabbed all the data we could find! It's only through all of this data together that we got really good resolution on this fault and could get into these fine details," Meng said.

The vast majority of earthquakes don't have anywhere near this level of data collected, so it's possible that earthquakes with dual-initiation mechanisms are more common than geologists think.




"It could be that through better imaging and resolution, we'll identify more like this in the future," Meng said.

Earthquakes with dual epicenters have a higher risk for stronger shaking because there is stronger movement. Meng's group plans to consider future scenarios to learn about the conditions and probabilities of these earthquakes.

"Our findings emphasize the complex nature of earthquake initiation and the critical conditions that can lead to large-scale seismic events," Meng said. "Understanding these processes is vital for improving our ability to predict and mitigate the impacts of future earthquakes."

Key takeaways
    	The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a "dual-initiation mechanism" applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.
    	An international team of researchers led by UCLA graduate student Liuwei Xu, professor Lingsen Meng and UC Santa Barbara's Chen Ji analyzed a preceding seismic swarm and identified a previously unknown barrier in the region of the swarm.
    	The team's data collection methods could aid future research into the conditions and probabilities of dual-initiation earthquakes.
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A leaky sink: Carbon emissions from forest soil will likely grow with rising temperatures | ScienceDaily
The soils of northern forests are key reservoirs that help keep the carbon dioxide that trees inhale and use for photosynthesis from making it back into the atmosphere.


						
But a unique experiment led by Peter Reich of the University of Michigan is showing that, on a warming planet, more carbon is escaping the soil than is being added by plants.

"This is not good news because it suggests that, as the world warms, soils are going to give back some of their carbon to the atmosphere," said Reich, director of the Institute for Global Change Biology at U-M.

"The big picture story is that losing more carbon is always going to be a bad thing for climate," said Guopeng Liang, the lead author of the study published in Nature Geoscience. Liang was a postdoctoral researcher at the University of Minnesota during the study and is now a postdoctoral researcher at Yale University and an exchange fellow at the Institute for Global Change Biology.

By understanding how rising temperatures affect the flow of carbon into and out of soils, scientists can better understand and forecast changes in our planet's climate. Forests, for their part, store roughly 40% of the Earth's soil carbon.

Because of that, there have been many research projects studying how climate change affects the carbon flux from forest soils. But few have lasted for longer than three years and most look at warming either in the soil or in air above it, but not both, Reich said.

In the experiment believed to be the first of its kind led by Reich, researchers controlled both the soil and above-ground temperatures in open air, without the use of any kind of enclosure. They also kept the study running for more than a dozen years.




"Our experiment is unique," said Reich, who is also a professor at the U-M School for Environment and Sustainability. "It's far and away the most realistic experiment like this in the world."

The trade-off is that running such a sophisticated experiment for so long is expensive. The research was supported by the National Science Foundation, the U.S. Department of Energy and the University of Minnesota, where Reich is also a Distinguished McKnight University Professor.

Joining Reich and Liang on the study were colleagues from the University of Minnesota, the University of Illinois and the Smithsonian Environmental Research Center.

The team worked at two sites in northern Minnesota on a total of 72 plots, investigating two different warming scenarios compared with ambient conditions.

In one, plots were kept at 1.7 degrees Celsius above ambient and, in the other, the difference was 3.3 degrees Celsius (or about 3 and 6 degrees Fahrenheit, respectively). Soil respiration -- the process that releases carbon dioxide -- increased by 7% in the more modest warming case and by 17% in the more extreme case.

The respired carbon comes from the metabolism of plant roots and of soil microbes feeding on carbon-containing snacks available to them: sugars and starches leached out of roots, dead and decaying plant parts, soil organic matter, and other live and dead microorganisms.




"The microbes are a lot like us. Some of what we eat is respired back to the atmosphere," Reich said. "They use the same exact metabolic process we do to breathe CO2 back out into the air."

Although the amount of respired carbon dioxide increased in plots at higher temperatures, it likely didn't jump as much as it could have, the researchers found.

Their experimental setup also accounted for soil moisture, which decreased at warmer temperatures that cause faster water loss from plants and soils. Microbes, however, prefer wetter soils and the drier soils constrained respiration.

"The take-home message here is that forests are going to lose more carbon than we would like," Reich said. "But maybe not as they would if this drying wasn't happening."
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Bioengineers develop lotus leaf-inspired system to advance study of cancer cell clusters | ScienceDaily
The lotus leaf is a pioneer of self-cleaning, water-repellant engineering. Water droplets all but hover on its surface, whose unique texture traps air in its nanosized ridges and folds.


						
Rice University bioengineers report harnessing the lotus effect to develop a system for culturing cancer cell clusters that can shed light on hard-to-study tumor properties. The new zinc oxide-based culturing surface mimics the lotus leaf surface structure, providing a highly tunable platform for the high-throughput generation of three-dimensional nanoscale tumor models.

The superhydrophobic array device (SHArD) designed by Rice bioengineer Michael King and collaborators can be used to create tunable, compact, physiologically relevant models for studying the progression of cancer, including metastasis -- the stage in the disease when cancerous cells travel through the bloodstream from a primary tumor site to other parts of the body.

"The study of metastasis -- the leading cause of cancer deaths -- poses a particular challenge in part due to the difficulty of developing accurate, high-throughput models," said King, who is corresponding author on a study published in ACS Nano that describes the new culturing platform. "We hope this tool will unlock new knowledge about this problematic stage of the disease and help us identify ways to intervene in order to stop or prevent it from happening."

Scientists and clinicians now rely on blood samples containing circulating tumor cells -- a key marker of metastasis -- to understand the properties of primary tumors as well as what causes cancer to spread. Often referred to as "liquid biopsy," this sampling approach typically does not yield enough of a "catch" to enable in-depth, large-scale studies of metastatic processes.

"'Safety in numbers' unfortunately also applies to cancer cells circulating in the bloodstream," said Alexandria Carter, a researcher in the King lab who is a co-author on the study. "Cancer cells traveling alone are more likely to succumb to shear stress destruction or immune cell attacks. However, when they travel in groups, the likelihood that they successfully reach and settle in other parts of the body increases.

"Those few lone cancer cells in a single blood draw are already rare, so isolating enough clusters for a detailed study is especially challenging. This is why SHArD is an exciting new tool for understanding primary and metastatic cancer."

The King lab had previously succeeded in creating nanorod layers of halloysite, a naturally occurring substance whose texture promotes the adhesion of circulating tumor cells while simultaneously repelling blood cells.




"When Kalana Jayawardana joined our lab as a new postdoctoral fellow in 2018, he started to experiment with growing zinc oxide nanorod surfaces," said King, a Cancer Prevention and Research Institute of Texas Scholar who recently joined Rice as the E.D. Butcher Chair of Bioengineering and special adviser to the provost on life science collaborations with the Texas Medical Center. "At first, we didn't have a specific application in mind, but we were curious and hopeful that the new material would have special properties that would be useful for cancer biology."

The project was later taken over by a doctoral student in the King lab, Maria Lopez-Cavestany, and took off in an exciting direction. Cavestany, now a Ph.D. graduate, is the first author on the study.

Once they were able to grow a stable "carpet" of zinc oxide nanotubes, the researchers added a teflonlike coating on top, in essence recreating the lotus leaf structure -- nanoscale roughness combined with a hydrophobic layer that together gave rise to true superhydrophobicity, a word stemming from the Greek for "extreme fear of water." To create SHArD, the researchers added a microwell grid with perfectly sized compartments, then tested the system to assess its performance.

"SHArD is ready to use in biomedical research," Carter said. "Any lab with clean room access can follow our protocols and create versions of this platform that meet the exact needs of their specific research projects."

Initially intended as a means to reliably culture primary tumor models at a higher throughput, SHArD is highly tunable and can easily be adapted to culture metastatic clusters as well. The fact that SHArD was successfully used to grow spheroidal models of primary tumors already expands the cancer modeling toolkit, making it possible to create superhydrophobic culturing devices in the absence of highly specialized equipment.

"The cluster-forming device has opened the door to new areas of research into the dangerous clusters found in the bloodstream of late-stage cancer patients," King said.
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Strength training activates cellular waste disposal | ScienceDaily
The elimination of damaged cell components is essential for the maintenance of the body's tissues and organs. An international research team led by the University of Bonn has made significant findings on mechanisms for the clearing of cellular wastes, showing that strength training activates such mechanisms. The findings could form the basis for new therapies for heart failure and nerve diseases, and even afford benefits for manned space missions.


						
Muscles and nerves are long-lasting, high-performance organs whose cellular components are subject to constant wear and tear. The protein BAG3 plays a critical role in the elimination of damaged components, identifying these and ensuring that they are enclosed by cellular membranes to form an "autophagosome." Autophagosomes are like a garbage bag in which cellular waste is collected for later shredding and recycling. The research team led by Professor Jorg Hohfeld of the University of Bonn Institute of Cell Biology has shown that strength training activates BAG3 in the muscles. This has important ramifications for cellular waste disposal because BAG3 has to be activated to efficiently bind damaged cell components and promote membrane envelopment. An active elimination or clearing system is essential for the long-term preservation of muscle tissues. "Impairment of the BAG3 system does indeed cause swiftly progressing muscle weakness in children as well as heart failure -- one of the most common causes of death in industrialized Western nations," Professor Hohfeld explains.

Important implications for sports training and physical therapy

The study was conducted with significant involvement by sports physiologists of German Sport University Cologne and the University of Hildesheim. Professor Sebastian Gehlert of Hildesheim emphasizes how important the findings are: "We now know what intensity level of strength training it takes to activate the BAG3 system, so we can optimize training programs for top athletes and help physical therapy patients build muscle better." Professor Gehlert also makes use of these findings to support members of the German Olympic team.

Necessary for the muscles ... and more

The BAG3 system is not only active in the muscles. Mutations in BAG3 can lead to a nerve disease known as Charcot-Marie-Tooth syndrome (named after the discovering scientist). The disease cause nerve fibers in the arms and legs to die off, leaving the individual unable to move his or her hands or feet. By studying cells from sufferers, the research team has now shown that certain manifestations of the syndrome cause faulty regulation of BAG3 elimination processes. The findings demonstrate the far-reaching significance of this system for tissue preservation.

Unexpected regulation pointing the way to new therapies

In analyzing BAG3 activation more closely, the researchers were surprised at what they observed. "Many cell proteins are activated by the attachment of phosphate groups in a process known as phosphorylation. With BAG3, however, the process is reversed," explains Professor Jorg Hohfeld, also a member of the Transdisciplinary Research Area (TRA) Life and Health at the University of Bonn, "BAG3 is phosphorylated in resting muscles, and the phosphate groups are removed during activation." At this point, phosphatases become the main focus of interest -- the enzymes that remove the phosphate groups. To identify the phosphatases that activate BAG3, Hohfeld is collaborating with chemist and cell biologist Professor Maja Kohn of the University of Freiburg. "Identifying the phosphatases involved is a key step," she relates, "so we can pursue the development of substances potentially able to influence BAG3 activation in the body." The research may open up new therapeutic possibilities for muscle weakness, heart failure and nerve diseases.




Relevant for space travel 

Work on the BAG3 system is supported by the Deutsche Forschungsgemeinschaft (German Research Foundation) through a research unit headed by Prof. Hohfeld. In addition, Hohfeld receives funds from the German Space Agency as the research is of interest for purposes of manned space missions. Professor Hohfeld points out: "BAG3 is activated under mechanical force. But what happens if mechanical stimulation does not take place? In astronauts living in a weightless environment, for example, or immobilized intensive care patients on ventilation?" In such cases, the lack of mechanical stimulation rapidly leads to muscle atrophy, the cause of which Hohfeld ascribes at least in part to the non-activation of BAG3. Drugs developed to activate BAG3 might help in such situations, he believes, which is why Hohfeld's team is preparing experiments to be conducted on board of the International Space Station (ISS). BAG3 research thus could in fact help us reach Mars someday.

Institutions involved and funding secured

The University of Bonn's partners in this study are the University of Freiburg, German Sport University, Forschungszentrum Julich, the University of Antwerp and the University of Hildesheim. The work is co-funded by the German Research Foundation and the German Space Agency, part of the German Aerospace Center.
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Scientists propose guidelines for solar geoengineering research | ScienceDaily
Scientists for several years have studied the theoretical effectiveness of injecting sulfur dioxide into the stratosphere to reflect heat from the Sun and offset Earth's warming temperatures. But they also want to ensure that the solar geoengineering approaches being studied are evaluated for their technical feasibility, as well as their cooling potential and possible ecological and societal side effects.


						
To guide future work, an international team of scientists led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) has published a paper with specific recommendations for evaluating proposals to inject sulfur dioxide, which is known as stratospheric aerosol intervention (SAI). The paper also suggests criteria for discontinuing those scenarios that are not feasible because of scientific, technical, or societal issues.

"The goal is to work toward an assessment that can be used to identify the most feasible and legitimate scenarios, based on both how much they reduce natural and societal risks as well as any unwanted side effects," said NSF NCAR scientist Simone Tilmes, the lead author. "If society were to ever consider implementing SAI, it is imperative that we provide the best possible scientific understanding to policy makers and the public."

The paper, based on work funded by NSF and NOAA, was published in Oxford Open Climate Change.

Mimicking volcanic eruptions

Once injected into the stratosphere, sulfur dioxide would form sunlight-reflecting sulfate aerosols. Previous studies, drawing on computer modeling and observations of large volcanic eruptions, have shown these aerosols would have a cooling effect similar to that of a major volcanic eruption.

The injections could continue to cool Earth for decades or even centuries, buying time until heat-trapping greenhouse gases in the atmosphere return to lower levels.




The previous research, however, has also emphasized the potential risks of SAI, such as changing the stratospheric ozone layer and altering global precipitation patterns.

Since such injections cannot perfectly offset the impacts of greenhouse gas emissions, Tilmes and her co-authors write that informed policy decisions require a comprehensive understanding of the benefits and risks of SAI. They emphasize the need for a research and governance structure, with fair representation from both the Global South and North, to oversee SAI research and technology developments.

"Research on various solar geoengineering methods has been going on for a few decades now, but there hasn't been a formal assessment collating all the information in one place suitable for policy makers and the public," said NOAA scientist Karen Rosenlof, a co-author of the new paper. "It's time for such an assessment to occur, covering the criteria described in this paper, and repeated on a regular basis."

The paper proposes eight research criteria for assessing SAI developments. The criteria are:
    	Technical and economic limitations
    	Cooling potential
    	Ability to meet climate objectives
    	Infrastructure for monitoring, detection, and attribution
    	Large-scale and regional climate response
    	Impacts on human and natural systems
    	Societal risks
    	Mitigation of risks through governance

The paper recommends issuing assessment reports about SAI developments every few years with globally representative participation. The criteria can also be applicable to other solar radiation modification proposals, such as the brightening of marine clouds.

"The goal of these criteria is to promote optimal approaches from a climate perspective while carefully weighing the benefits and risks and making sure to include the perspectives of underrepresented groups and the Global South," Tilmes said.
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        Among Viking societies, Norway was much more violent than Denmark
        A new study sheds light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

      

      
        Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play
        Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study.

      

      
        Geographic differences in U.S. homicide rates have decreased since the 1970s
        A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades.

      

      
        Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa
        Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study. The decline is expected to continue to 2050, according to the authors, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.

      

      
        People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided
        Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a new study.

      

      
        Study finds limits to storing CO2 underground to combat climate change
        New research has found limits to how quickly we can scale up technology to store gigatons of carbon dioxide under the Earth's surface.

      

      
        Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks
        Public healthcare systems are fiscally burdened due to an aging population. So, governments must find a way to persuade citizens to pay more for health insurance. Now, researchers have examined whether informing people about their future self-benefits from the healthcare system could garner support for higher health insurance contributions. While this approach increased support from those unaware of fiscal risks, the effect disappeared once they became aware, offering significant implications for...

      

      
        Coastal cities must adapt faster to climate change
        Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial.

      

      
        Women in global fisheries industry fall through the safety net
        Millions of women who work in the fisheries industry are being left behind as technologies develop to counter the effects of climate change and economic pressures. A new study examines this global problem and suggests ways forward in policy, research and practice.

      

      
        Metal baseball bats still help Little Leaguers hit a little better
        While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal 'sweet spot.' After testing wood bats and two types of metal bats with youth players, researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the h...

      

      
        Dungeons and Dragons can help autistic people gain confidence and find their inner hero
        A new study has shown the roleplaying game Dungeons and Dragons boosts autistic people's confidence and enables them to feel more comfortable with social interactions.

      

      
        Public trust in drinking water safety is low globally
        A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. The study sought to understand public perceptions of drinking water safety. Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

      

      
        Sharing expands caring: Study finds solution to a major source of doctor burnout
        Who hasn't sat in a medical office, listening to computer keys clacking while their provider rapidly types up notes, wondering what they are spending so much time writing about? For doctors, who have always written clinical care notes but increasingly must spend time cataloging billing details, this additional documentation is a major source of job dissatisfaction and burnout. A new study illuminates a solution that can meaningfully reduce the amount of time doctors spend writing notes, without l...

      

      
        Bicycle rolling-stop laws don't lead to unsafe behavior by riders or motorists, research shows
        Laws that let bicyclists treat stop signs as yield signs lead neither riders nor motorists to act unsafely, according to a groundbreaking study.

      

      
        Non-cognitive skills: The hidden key to academic success
        A study has revealed that non-cognitive skills, such as motivation and self-regulation, are as important as intelligence in determining academic success. These skills become increasingly influential throughout a child's education, with genetic factors playing a significant role. The findings suggest that fostering non-cognitive skills alongside cognitive abilities could significantly improve educational outcomes.

      

      
        Scientific consensus can strengthen pro-climate attitudes in society
        Climate scientists have long agreed that humans are largely responsible for climate change. A new study finds that communicating the scientific consensus about climate change can clear up misperceptions and strengthen beliefs about the existence and the causes of climate change. The team surveyed over 10,000 people from 27 countries on 6 continents.

      

      
        Why children can't pay attention to the task at hand
        Scientists have learned that children find it hard to focus on a task, and often take in information that won't help them complete their assignment. But the question is, why? In a new study, researchers found that this 'distributed attention' wasn't because children's brains weren't mature enough to understand the task or pay attention, and it wasn't because they were easily distracted and lacked the control to focus. It now appears that kids distribute their attention broadly either out of simpl...

      

      
        Looking for clues about your biological age? Your grandparents' education may offer some insight.
        Eating well, exercising and attending regular doctor appointments can support a long healthy life, but a new study identified one possible factor beyond our control: whether you had a grandparent who went to college.

      

      
        Study finds nearly half of U.S. counties have at least one 'pharmacy desert'
        Nearly half of counties in the United States have at least one 'pharmacy desert' where there is no retail pharmacy within 10 miles, according to a new study.

      

      
        Scientists propose guidelines for solar geoengineering research
        To guide future research into solar geoengineering, an international group of scientists is making specific recommendations for evaluating proposals in order to identify the most feasible and legitimate scenarios for stratospheric aerosol intervention.

      

      
        New images reveal global air quality trends
        The global concentrations of one of the main air pollutants known to affect human health have been graphically illustrated for the first time by a team of scientists.

      

      
        Scientists call for an update in environmental decision making that takes human rights into account
        Researchers argue that to protect human wellbeing global decisions with the potential to impact the environment must be guided by our understanding of the inseparable connection between humans and nature. The article's authors are aiming to support fair and inclusive decision-making for a healthy ocean for people and planet.

      

      
        Socioeconomics shape children's connection to nature more than where they live
        The income and education levels of a child's environment determine their relationship to nature, not whether they live in a city or the countryside. The results run counter to the assumption that growing up in the countryside automatically increases our connection to nature, and yet the study also shows that nature close to home increases children's well-being.

      

      
        People seen as wise share these characteristics
        What makes someone seem wise? People view wisdom through the lens of applying knowledge and thinking logically as well as considering others' feelings and perceptions, according to researchers who looked at perceptions of wisdom across 12 countries and five continents.

      

      
        What works: Groundbreaking evaluation of climate policy measures over two decades
        Researchers have unveiled the first comprehensive global evaluation of 1,500 climate policy measures from 41 countries across six continents. The study provides a detailed impact analysis of the wide range of climate policy measures implemented over the last two decades. The findings reveal a sobering reality: many policy measures have failed to achieve the necessary scale of emissions reductions. Only 63 cases of successful climate policies, each leading to average emission reductions of 19 perc...
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Among Viking societies, Norway was much more violent than Denmark | ScienceDaily
Rates of violence in Viking Age Norway and Denmark were long believed to be comparable. A team of researchers including University of South Florida sociologist David Jacobson challenges that assumption.


						
Their findings show that interpersonal violence -- violence not meted out as punishment by authorities -- was much more common in Norway. This is evident in the much greater rates of trauma on skeletons and the extent of weaponry in Norway. The study, published in the Journal of Anthropological Archaeology, sheds new light on how Viking Age societies in Norway and Denmark differed in their experiences with violence and the role social structures played in shaping those patterns.

Jacobson is part of an interdisciplinary team that combined archaeology and sociology along with the study of skeletons and of runestones -- raised stones bearing inscriptions -- to reveal key differences in how violence, social hierarchies and authority influenced these dynamics in the two regions. The other scholars on the team are from Norway and Germany.

"The interdiscipilinary approach taken in this study shows us how social and political patterns can be revealed, even when there are a paucity of written sources," Jacobson said.

Norway: A More Violent Society?

Researchers analyzed skeletal remains from Viking Age Norway and Denmark and found that 33% of the Norwegian skeletons showed healed injuries, indicating that violent encounters weren't uncommon. By comparison, 37% of the skeletons showed signs of lethal trauma, highlighting the frequent and often fatal use of weapons in Norway.

A notable feature in Norway was the presence of weapons, particularly swords, alongside skeletons in graves. The study identified more than 3,000 swords from the Late Iron Age and Viking periods in Norway, with just a few dozen in Denmark. These findings suggest weapons played a significant role in Norwegian Viking identity and social status -- further emphasizing the culture's connection to violence.




Denmark: Steeper Social Hierarchies and Controlled Violence

In Denmark, the findings show a different pattern. Danish society was more centralized, with clearer social hierarchies and stronger central authority. Violence was more organized and controlled, often linked to official executions rather than acts of personal violence.

For example, skeletal remains in Denmark showed fewer signs of weapon-related injuries but included evidence of executions such as decapitations. Skeletal evidence suggests about 6% of Viking Danes died violently, almost all from executions.

Denmark's more structured society also had a smaller percentage of graves containing weapons than Norway's. Instead, social order was maintained through political control, reflected in the construction of large earthworks and fortifications. These monumental structures, particularly during the reign of King Harald Bluetooth in the 10th century, demonstrated Denmark's greater capacity for coordinated labor and more organized social hierarchies.

Why the Differences?

The study suggests that Denmark's more rigid social structure meant that violence was less frequent but more systematically enforced through official channels, such as executions. Meanwhile, Norway's more decentralized society experienced more peer-to-peer violence, as indicated by the higher levels of trauma found in skeletons.




The findings also support the broader theory that stronger authority and steeper social hierarchies can reduce the overall levels of violence in a society by centralizing the use of force under official control.

"The findings of these patterns suggest that we are talking of distinct societies in the regions of Norway and Denmark," Jacobson said. "This is quite striking, as the assumption has been that socially Viking Scandanavia was largely a singular space."

Broader Implications

The research contributes to a growing body of work that explores how social structures influenced violence in historical societies. Similar patterns have been observed in other parts of the world, such as the Andes region of South America and in areas of North America, where less centralized societies also experienced higher levels of violence.

Jacobson said he hopes the study "is a step towards a new explanatory model, especially when written sources from the period are partial or even nonexistent."

Note: Scholars from the University of Oslo, Deutscher Verband fur Archaologie in Germany and the Norwegian University of Science and Technology also were part of the research team.
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Autistic traits, behavioral problems in 7-year-olds linked with gender nonconforming play | ScienceDaily
Gender nonconformity in 7-year-olds -- as measured by levels of gender-conforming play -- may be associated with autistic traits and behavioral difficulties in girls, and with peer relationship problems in boys, according to a new study published August 28, 2024 in the open-access journal PLOS ONE by Marlene Stratmann of Karlstad University, Sweden, and colleagues.


						
Gender nonconformity (GNC) refers to variations in gender expression from societal and cultural gender norms. In childhood, GNC can manifest itself in several ways, including play behavior, peer relationships, clothing, and body language. Childhood GNC does not directly indicate developing gender dysphoria (GD) later in life, although the phenomena are linked. Recently, studies have begun to establish a high co-occurrence of GNC, GD and autism spectrum disorder. However, most of this work has been carried out in clinical populations with existing diagnoses, which may lead to an overestimation of the associations between GNC and autistic traits and behavioral difficulties in a non-clinical population.

In the new study, researchers analyzed data on 718 children enrolled in the Swedish Environmental Longitudinal, Mother and Child, Asthma and Allergy (SELMA) study for which there were data on play behavior and behavioral outcomes. GNC play behavior was determined using the Preschool Activities Inventory, which includes 12 "feminine" and 12 "masculine" toys, play activities and child characteristics.

In both sexes, higher levels of gender nonconforming play was associated with increased behavioral difficulties. Higher masculine play behavior scores were associated with hyperactivity and inattention in both sexes. Higher feminine play scores in boys were associated with peer relationship problems, while higher masculine play scores in girls were associated with increased likelihood of autistic traits and behavioral difficulties.

The study involves a sample of children of only one age in a single country, and cannot be used to draw any conclusions as to causation. However, the authors conclude that gender nonconformity may be associated with behavioral challenges and difficulties in both sexes, even in children without any diagnoses.

The authors add: "The results showed that children who played more with toys traditionally considered for the opposite gender had more autistic traits and behavioral problems. At the same time it is very important to keep in mind that just because a girl decides to play rougher or a boy plays with dolls, it does not mean that there will be a link to behavioral difficulties or autistic traits in this child."
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Geographic differences in U.S. homicide rates have decreased since the 1970s | ScienceDaily
A new study finds that, counter to expectations, geographic disparities in rates of homicides in the US have decreased in recent decades. Richard Boylan of Rice University in Houston, Texas, US, presents these findings in the open-access journal PLOS ONE on August 28, 2024.


						
Since the 1970s, gaps in economic and social wellbeing between Americans living in different regions have grown. Some researchers hypothesize that areas with reduced economic and social well-being would see higher rates of violent crime. For instance, impoverished areas with lower tax bases might receive less police protection, or a lack of job opportunities may lead to greater involvement in criminal enterprises, in which violence can be an effective tool.

However, few studies have systematically examined potential links between geographic economic disparities and geographic disparities in violent crime rates. To address this gap, Boylan analyzed data from the National Center for Health Statistics, comparing homicide rates between the US's 741 commuting zones across both urban and rural areas -- distinct geographic areas within which most residents live and work, with few commuting into another zone.

Boylan found that, since the 1970s, disparities in US homicide rates between US commuting zones have steadily decreased, even while economic and social inequalities increased.

One potential explanation for these findings, as Boylan notes, is that since the 1970s, geographic disparities in policing, incarceration, and the share of the population that is African American has also decreased across the US. He suggests that future research could examine whether any of these factors could have contributed to the decreased disparities in homicide rates.

Alternatively, Boylan suggests, the expected violence-boosting effects of worsening social and economic conditions in some areas might have been mitigated by state, county, and federal law enforcement bodies stepping in to ensure continued prosecution of violent crime, such as in instances when local police departments were disbanded in economically challenged cities.

In contrast to the homicide findings, the researcher notes, geographic disparities in US life expectancies have increased since the 1960s, likely due to state policies that include tobacco taxes and Medicaid expansions.

Dr. Boylan adds: "There is a perception that job losses in the rust belt have led to an increase in inequality in crime. However, I provide empirical evidence that inequalities across different parts of the country in crime have steadily decreased since the 1960s and that this decrease coincides with decreases in disparities in policing, incarceration, and the share of the population that is African American."
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Lackluster prioritization of the health sector in government spending and dwindling donor contributions drive slow growth in health spending in Sub-Saharan Africa | ScienceDaily
Slow growth in health sector spending is projected in Sub-Saharan Africa as reported in a study published in the open access journal, PLOS Global Public Health. The decline is expected to continue to 2050, according to Angela E Apeagyei and researchers at the Institute for Health Metrics and Evaluation, University of Washington, Seattle, and is driven by tepid growth in the share of government spending that is allocated to health and reductions in development assistance for health.


						
The research analyses data from databases covering development assistance for health, global health spending and gross domestic spending (GDP) per capita as well as an expected health spending database which provides projected health spending data to 2050. It finds that except for central and eastern Europe and Central Asia, around the world total health spending is expected to rise as a share of GDP, but in Sub-Saharan Africa (except in southern sub-Sahara Africa) it is expected to decrease.

Beyond the challenge of a low prioritization of the health sector in the government budget, another major driver of this decline is a reduction in development assistance for health. The Millennium Development Goals led to a period of growth in health funding, and development assistance for health grew on average 11.1% annually from 2000 until 2015. It has since dropped to just 4.6% and was particularly hit by the global economic issues caused by the COVID pandemic and subsequent economic shocks such as the war in Ukraine. Although government spending on health in Sub-Saharan Africa has increased, and is expected to continue to rise, the gap left by decreases in development assistance will not be met.

Without improvements, this trend will pose a significant challenge to meeting health-related Sustainable Development Goals and the African Union's Africa Agenda 2063. The authors hope that their analysis will help policymakers understand future health spending patterns and can translate the insights into tangible actions that can help navigate the region's complex economic and health challenges.

The authors add: "For countries in sub-Saharan Africa, the projected growth in donor and government funding for health is expected to be significantly lower compared to countries in other regions. This worrying trend underscores the need to prioritize innovative financing strategies to strengthen health systems in line with the region's economic growth and the broader health needs of its population."
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People experiencing relatively mild cases of mental ill-health may be perceived differently by others depending on whether or not diagnostic labels are provided | ScienceDaily
Diagnostic labels for people experiencing what some consider to be relatively milder forms of mental-ill health may affect how others perceive them for better and worse, according to a study published August 28, 2024 in the open-access journal PLOS Mental Health by Nick Haslam from the University of Melbourne, Australia, and colleagues.


						
In recent years, there's been a general shift to increased diagnoses of mental ill-health. Here, Haslam and colleagues investigate the implications of diagnosing individuals presenting with mild or marginal symptoms. In this research, symptoms were judged to be mild or marginal by members of the public who rated different examples ranging in severity from clearly below to clearly above the diagnostic threshold as determined by a scale in a prior study.

Haslam and colleagues provided research participants (who were U.S. adults recruited from an online platform) with short vignettes describing people presenting with mild or marginal symptoms of different mental illnesses. 261 participants in Study 1 were given three labeled ("This person has a diagnosis of ___") or unlabeled vignettes describing people presenting with symptoms of major depressive disorder (MDD), bipolar disorder (BD), or generalized anxiety disorder (GAD). 684 participants in Study 2 were given one labeled or unlabeled vignette describing someone presenting with either post-traumatic stress disorder (PTSD), obsessive-compulsive disorder (OCD), or binge-eating disorder (BED). Participants were asked about their empathy for the described individual, their support in offering accommodations (e.g. "This person's employer should not hesitate to offer them extra time to complete work-related tasks"), their suitability for mental health treatment, the persistence of their difficulties (e.g. "This person is likely to fully recover from their problems."), and their identity (e.g. "This person's problems are an important part of who they are" (Study 2 only)).

In Study 1, labeled individuals tended to elicit more empathy and be seen as more suitable for treatment versus unlabeled individuals, but were also believed to have more persistent problems. Study 2 differed from Study 1 in that there was no significant difference between empathy for labeled versus unlabeled individuals, but it also found that labelled individuals were seen to have less capacity to overcome their problems. Participants' ratings varied significantly depending on the described disorder, with MDD and PTSD eliciting especially high empathy and accommodation support.

The results suggest that expansive diagnostic concepts that include relatively mild symptoms may promote help-seeking, empathy, and support, but also undermine perceived agency and expectations that problems can be overcome. It's critical to remember that the severity of symptoms of individuals with the conditions referred to in this study can change over time and "mild" is subjective. Additionally, the choice to obtain or choose a diagnostic label is a personal one and varies between individuals, conditions and communities.

The authors add: "Applying diagnostic labels to relatively mild forms of distress has mixed blessings. Our research shows that it can increase empathy and support for the person, but also make their problems seem out of their control and harder to overcome."
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Study finds limits to storing CO2 underground to combat climate change | ScienceDaily
Imperial research has found limits to how quickly we can scale up technology to store gigatonnes of carbon dioxide under the Earth's surface.


						
Current international scenarios for limiting global warming to less than 1.5 degrees by the end of the century rely on technologies that remove carbon dioxide (CO2) from the Earth's atmosphere faster than humans release it. This means removing CO2 at a rate of 1-30 gigatonnes per year by 2050.

However, estimates for the speed at which these technologies can be deployed have been highly speculative. Now, findings from a new study led by Imperial College London researchers show that existing projections are unlikely to be feasible at the current rate of growth.

The study found that it might be possible by 2050 to store up to 16 gigatonnes of CO2 underground each year. However, reaching this target would require a huge increase in storage capacity and scaling over the coming decades, which is not anticipated given the current pace of investment, development and deployment.

With the UK Government aiming to position Britain as a clean energy superpower and scale up and invest in carbon capture and storage, the study underscores the importance of aligning ambitious initiatives with realistic objectives for how quickly CO2 can be safely stored underground.

The results are published today in Nature Communications.

Realistic goals

The team from Imperial's Department of Earth Science and Engineering created models showing how quickly carbon storage systems can be developed and deployed, accounting for the availability of suitable geology, and technical and economic limitations to growth.




While the results suggest it is possible to reduce CO2 emissions at a huge scale, they also suggest that the path to achieving this and the contribution from key regions might differ from what current models project, including those from Intergovernmental Panel on Climate Change (IPCC) reports.

Lead author Yuting Zhang, from Imperial's Department of Earth Science and Engineering, said: "There are many factors at play in these projections, including the speed at which reservoirs can be filled as well as other geological, geographical, economic, technological, and political issues. However, more accurate models like the ones we have developed will help us understand how uncertainty in storage capacity, variations in institutional capacity across regions, and limitations to development might affect climate plans and targets set by policymakers."

Co-author Dr Samuel Krevor, also from Imperial's Department of Earth Science and Engineering, said: "Although storing between six to 16 gigatonnes of CO2 per year to tackle climate change is technically possible, these high projections are much more uncertain than lower ones. This is because there are no existing plans from governments or international agreements to support such a large-scale effort.

"However, it's important to keep in mind that five gigatonnes of carbon going into the ground is still a major contribution to climate change mitigation. Our models provide the tools to update current projections with realistic goals for how and where carbon storage should be developed in the next few decades."

Existing projections unlikely to be feasible

In their analysis, the researchers found that the IPCC included results from integrated assessment models (IAMs) -- tools combining different sources of information to predict how carbon storage methods can impact our climate and economy -- that often overestimate how much CO2 can be stored underground.




In particular, the analysis suggests that projections from IPCC reports for Asian countries including China, Indonesia and South Korea, where current development is low, assumed unrealistic rates of deployment -- which means existing projections are unlikely and unreliable.

Co-author Professor Christopher Jackson, also from Imperial's Department of Earth Science and Engineering, said: "While integrated assessment models play an important role in helping climate policymakers make decisions, some of the assumptions they make when it comes to storing large amounts of carbon underground appear unrealistic."

Global benchmark

The team's calculations suggest that a more realistic global benchmark is in the range of 5-6 gigatonnes of storage per year by 2050. This estimate aligns with how existing, similar technologies have been scaled up over time.

Their modelling approach uses growth patterns observed in real-world data from different industries, including mining and renewable energy. By looking at how these industries have grown in the past, and combining existing amounts of stored CO2 with a flexible framework to explore different scenarios, the new approach offers a reliable way to make attainable, long-term projections for underground CO2 storage and could be a valuable tool for policymakers.

Dr Krevor said: "Our study is the first to apply growth patterns from established industries to CO2 storage. Existing predictions rely on speculative assumptions, but by using historical data and trends from other sectors within the industry, our new model offers a more realistic and practical approach for predicting how quickly carbon storage can be scaled up -- helping us set more attainable targets."

This study was funded by Engineering & Physical Sciences Research Council (EPSRC, part of UK Research and Innovation, UKRI) and the Royal Academy of Engineering.
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Aging population: Public willingness to pay for healthcare hinges on perceived benefits and risks | ScienceDaily
Healthcare is undoubtedly crucial for everyone. As individuals age, the risk for health issues and related expenses increases. Consequently, many countries have universal healthcare systems, primarily funded through tax and insurance, to ensure access to essential healthcare services. However, this system is under a heavy fiscal burden since the aging population has increased manyfold, owing to decreasing fertility rates and increasing life span. To sustain the system, governments must face the herculean task of persuading citizens to contribute more to health insurance.


						
In a recent study, a research team consisting of Associate Professor Tomoko Matsumoto and Junior Associate Professor Daiki Kishishita from Tokyo University of Science, Japan, assessed whether informing individuals about the benefits they would personally receive in the future from the healthcare system could lead to successful persuasion. This study was published in the European Journal of Political Economy on 8 August 2024.

Highlighting the rationale behind their study, the authors say, "Aging-related health risks will affect everyone, regardless of socioeconomic groups. However, studies indicate that people are not well-informed about the government's fiscal activities, particularly related to public healthcare systems, and the benefits they offer. So, informing individuals about self-benefits from the healthcare system may increase their political support for higher contributions to healthcare insurance to sustain the system."

Accordingly, researchers developed a two-period overlapping generations model and hypothesized that informing people about future self-benefits may increase their support for paying more for health insurance. However, this support reduces when individuals learn about the system's fiscal unsustainability due to an aging population.

To test these hypotheses, researchers conducted an online survey experiment with 4,367 Japanese respondents, who were mostly below 75 years of age. They were randomly assigned to receive information framed in terms of the future self-benefits (Framing S) or current benefits received by older adults (Framing N). In Framing S, they were again randomly assigned either to the treatment group that received information about future self-benefits or the control group that did not. The treatment group was further divided into those who were informed of the fiscal risks and those who were not. Respondents then rated their support for a 1% increase in health insurance contributions. The same process was followed for Framing N. Lastly, researchers compared the results from both groups to see which framing was more effective.

In Framing S, 81% of the respondents underestimated the benefits of the public healthcare system. This suggests that these respondents' expectations would increase when provided with the actual self-benefits. So, researchers considered only these respondents for further analysis.

Surprisingly, on average, the treatment (informing people about future self-benefits) had no influence on gaining support for higher contributions to health insurance. Interestingly, for those who were unaware of the fiscal risks, the treatment increased support by 28.9 percentage points. However, as expected, this positive effect disappeared once the unaware group learned about the fiscal unsustainability of the public healthcare system.

In Framing N (where future self-benefits were not explicitly highlighted), the treatment had no effect on respondents who were unaware of the fiscal risks. However, among those who were aware, support dropped by eight percentage points. "The results indicate that informing the benefits without framing them as self-benefits may have a limited impact on increasing political support for higher contributions to health insurance," says the authors.

The findings carry significant implications for policymakers, governments, and countries with struggling public healthcare systems and an aging population.

"To increase support for health insurance systems, it is important to inform people about future self-benefits. But first, people need to believe that they will definitely benefit from the system in the future. This could be achieved by implementing fiscal consolidation policies to build trust in public finance," concludeDr. Matsumoto and Dr. Kishishita.
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Coastal cities must adapt faster to climate change | ScienceDaily
Coastal cities play a key role in the global economy and have important functions for society at large. At the same time, they are severely affected by the impact of climate change. That is why their role in global climate adaptation is crucial. To find out how coastal cities are adapting, an international team led by Professor Matthias Garschagen, a geographer at Ludwig-Maximilians-Universitat Munchen (LMU), has now analyzed the current state of adaptation.


						
Based on studies of 199 cities across 54 countries, the researchers investigated whether and how cities take certain risk factors into account in their adaptation efforts. Climate factors like rising sea levels, storms, flooding and heat were among the key parameters considered. Other aspects were also taken into account in the analysis, such as the exposure and vulnerability of the population, the infrastructure and the ecosystems in the respective region.

Climate measures are mostly inadequate

Most of the measures taken to adapt to climate change relate primarily to sea level rise, flooding and, to a lesser extent, storm surges, cyclones and erosion. Technical and institutional measures such as large-scale levees or urban planning innovations are more common in wealthier regions like North America and Europe. In less prosperous regions such as in many parts of Africa and Asia, behavior-related measures are the dominant type, with affected households and companies being largely left to their own devices.

Overall, the LMU researchers found that most adaptation measures are inadequate in their depth, scope and speed -- regardless of the region or its prosperity. The researchers also found little evidence of a sustainable reduction in risk as a result of the measures taken.

"Our findings reveal that there is plenty of work still to be done on all levels," explains Prof. Matthias Garschagen. "There has been little truly far-reaching change involving a fundamental rethink of risk management. Cities often attempt to optimize their disaster management on the basis of past experience without fundamentally questioning whether these approaches are still going to be viable in the future," says Garschagen.

Global research on climate change needs to be done in all regions of the world

The research also found that it is rare for adaptation planning to be based on quantifiable factors. Although cities do take future natural risks such as flooding and heat into account, they rarely consider socioeconomic factors such as future trends in societal vulnerability or spatial growth and exposure. "But those trends those are important," says Garschagen, "because the Lagos or Jakarta of today is not the same as it's going to be in 20 years' time. There are certainly big research aps and we need better scenarios and better modeling methods. Another important question is about when it makes more sense to abandon coastal protection measures and consider resettling the population instead."

Matthias Garschagen is therefore calling for a major increase in research activity in the Global South. Most of the research activity to date has been concentrated on cities in the Global North. "Global climate change research that covers all regions of the world would enable us to fight the climate crisis faster and more effectively," says Matthias Garschagen.
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Women in global fisheries industry fall through the safety net | ScienceDaily
Millions of women who work in the fisheries industry are being left behind as technologies develop to counter the effects of climate change and economic pressures.


						
New research led by the University of East Anglia (UEA) looks specifically at post-harvest fisheries and aquaculture, where women constitute 50 per cent of the total workforce. Despite their significant contributions women often remain invisible, are unpaid or underpaid, their work seen as an extension of household work.

The findings, 'A systematic review of the impact of post-harvest aquatic food processing technology on gender equality and social justice', are published today in Nature Food.

Fisheries and aquaculture are an important source of livelihood, food and nutrition for many of the world's poorest, supporting worldwide about 67 million people directly and about 492 million people indirectly. Fisheries and aquaculture provide about 17 per cent of animal-source protein for human consumption, yet more than a third of global fisheries and aquaculture harvest is lost or wasted.

Prof Nitya Rao, UEA Professor of Gender & Development and Director of the Norwich Institute for Sustainable Development, is the lead author. She said: "Given the large number of people, in particular women, engaged in post-harvest activities globally, this review sought to better understand how processing technology and technical change have impacted those engaged in this sector, and how labour, resources, power and decision making are influenced and change in this process.

"In the context of climate change and other economic pressures, we are witnessing a rapid development of post-harvest technologies to enhance productivity and efficiency, reduce loss and waste, and ensure quality. Yet without addressing the social justice dimensions of these changes, there is a risk that this may exacerbate pre-existing and persistent inequalities."

Women are disadvantaged across both traditional and improved technologies, especially regarding control over resources. Women are often unable to access social protection benefits including minimum wages, health insurance, housing and transport, due to their concentration at the lower levels of the labour hierarchy.




As enterprises expand and adopt more capital-intensive technologies, women frequently report less agency and lower equity outcomes due to a combination of resource constraints, individual characteristics such as education, social norms and care responsibilities.

In the larger-scale, factory-based settings using advanced technologies, women and migrant workers tend to have lower status; often temporary, lower-paid jobs that are culturally stereotyped as 'women's work'; experience gender pay gaps, lack of access to worker rights and managerial roles; and are exposed to occupational health hazards. Labour divisions are stark, reinforced by social norms.

Whilst power and control of resources is more unequal in factory settings, it is not necessarily equal in traditional contexts either, despite offering greater flexibility. While sometimes less productive, these technologies usually allow greater agency for women. Here one confronts a trade-off between enhanced productivity, income, and gender equality as seen in women's control over resources and decision-making agency.

Dr Julie Bremner of the UK Centre for Environment, Fisheries and Aquaculture Science, and paper co-author, said: "Aquatic food is a key component of our global food system, particularly for seafood-reliant nations such as the large ocean states, and demand for aquatic products is forecast to grow. Sustainability of these foods depends not just on their environmental and economic footprints, but also on their social equity footprint.

"Our review shows there is a way to go yet on the equity element, but there are opportunities waiting to be grasped."

The review makes several recommendations for policy, research and practice:
    	    


More rigorous and comparative research is needed to examine the impacts of a range of technologies on different groups of people including women and men, young and elderly, migrant and non-migrant, and formally consider intersectionality.
    

    	    Diverse voices, especially women's and migrant worker voices, should have a place in policymaking and investment decisions around post-harvest processes at local, national and global levels in the process of developing and rolling out improved technologies.
    

The research team, which included other UEA and Norwich Institute for Sustainable Development colleagues, reviewed 42 studies covering 55 locations in India, Bangladesh, Cambodia, Philippines, Japan, Canada, USA, Mexico, Brazil, Norway, Ghana, Nigeria, Tanzania and Zambia.

'A systematic review of the impact of post-harvest aquatic food processing technology on gender equality and social justice', is published 27 August 2024 in Nature Food.
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Metal baseball bats still help Little Leaguers hit a little better | ScienceDaily
While meant to simulate wood bats, regulation USA Baseball metal bats are more forgiving than wood for young players who might not connect with the ball on a bat's optimal "sweet spot."


						
After testing wood bats and two types of metal bats with youth players, Washington State University researchers found that the exit speed of a hit ball was as much as 5% faster with metal bats over wood. Analyzing the data, they found that the performance of the USA Baseball metal bats at the sweet spot was similar to wood. It was when the hits were on less optimal areas that there was a bigger difference.

"There's more of a penalty when you're not on the sweet spot with wood bats than with the other metal bats," said Lloyd Smith, director of WSU's Sport Science Laboratory and lead author on the study published in The Journal of Sports Engineering and Technology.

Smith's team has been working with USA Baseball to develop a new wood-like metal bat standard. This study further investigated the performance of the bats designed to meet that standard with lab and field studies -- in comparison to wood bats as well as the metal bats previously used in youth baseball, known as BPF 1.15.

The researchers had 52 players, with an average age of 12, take several swings with each type of bat in a batting cage for a total of more than 1,500 swings. The players, bats and balls all had motion sensors attached to measure speed of the swing as well as the balls' exit speed.

As expected, baseballs hit with the BPF 1.15 metal bats had higher exit speeds than the wood bats, since these metal bats were discontinued in youth leagues because of their performance advantage. For the USA Baseball standard bats, the exit speeds were closer to that of wood but were still on average higher. The data analysis revealed that the difference was in hits that were outside the highest performance spot on the bat.

Metal bats were adopted in amateur baseball leagues back in the 1970s in part because wood bats break and can be costly over time. Soon players noticed the hollow metal bats conferred an advantage from their "trampoline effect" -an advantage that grew as companies competed to make a better bat. Seeing potential hazards and changes to the game from these metal bats, league officials tried to reign this in starting in the 1990s, ultimately restricting the use of metal bats to those that performed in a similar way to wood.




As this study shows, a small performance advantage remains even with the USA Baseball bat, but it is one that is acceptable to officials. There are also good reasons for leagues and coaches to use them over wood bats, Smith said. Namely, that performance advantage and their lighter weight can mean better batting averages for young players which can help leagues keep kids more excited about the game.

"Wood is still heavy. Part of baseball is hitting the ball far, but the other part is just hitting the ball," he said. "If you have a heavy bat, you're going to have a harder time making contact because it's harder to control."

Notably, despite the bat performance differences in this study, the skill of the hitters was still the biggest factor in how fast the ball came off the bat. Smith emphasized that if players really want to improve their batting average, the best thing to do is not to improve their bat, but themselves.

"If you're really trying to hit the ball far, you're going to get a much bigger payoff by working out and getting stronger, especially if you're a young kid and growing fast. That's going to have a much larger effect on how hard you hit the ball, then on what bat you buy," he said.
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Dungeons and Dragons can help autistic people gain confidence and find their inner hero | ScienceDaily
Dungeons and Dragons is a hugely popular roleplaying game enjoyed by millions of people all over the world, both in person and online, every day.


						
New research has found it could be particularly beneficial for people with autism, giving them a safe space to engage in social interactions away from some of the challenges they face in their daily lives.

The study, published in the journal Autism, was led by researchers from the University of Plymouth's School of Psychology along with colleagues at Edge Hill University and Dalarna University in Sweden.

It saw researchers working with a group of autistic adults and aimed to explore whether finding a social situation where people felt comfortable could help them to excel.

After some initial familiarisation with Dungeons and Dragons, the participants -- under the guidance of a games master -- played out scenarios within small groups over the space of six weeks.

They were then interviewed individually by the researchers about the ways they felt their autism might have interacted with their experiences and, in turn, whether taking part in the game impacted their lives.

In those interviews, the participants spoke at length about their social desires and motivations, but how this came with challenges such as a lack of confidence in their communication with others, and insecurities about how other people would perceive them. This, they said, often resulted in them masking, or hiding, autistic traits.




Playing Dungeons and Dragons, they said, provided them with a friendly environment in which they very quickly felt a sense of innate kinship with others taking part.

Understanding common issues linked to activities inside and outside of the game allowed them to relax without feeling pressure to act in a certain way, and as a result they felt included in -- and able to better contribute to -- the group's interactions.

The participants also felt able to take some of the traits from their new character outside of the game, where it enabled them to feel differently about themselves.

Dr Gray Atherton, Lecturer in Psychology at the University of Plymouth and the study's lead author, said: "There are many myths and misconceptions about autism, with some of the biggest suggesting that those with it aren't socially motivated, or don't have any imagination. Dungeons and Dragons goes against all that, centring around working together in a team, all of which takes place in a completely imaginary environment. Those taking part in our study saw the game as a breath of fresh air, a chance to take on a different persona and share experiences outside of an often-challenging reality. That sense of escapism made them feel incredibly comfortable, and many of them said they were now trying to apply aspects of it in their daily lives."

Dr Atherton and Dr Liam Cross, also a Lecturer in Psychology in Plymouth and the current study's senior author, have been working for many years to understand the impact of gaming on people with autism and other similar conditions.

Another recently published study showed that those with autism enjoy board games because they took the pressure off the uncertainty around meeting and interacting with people, removing the need for small talk.

Dr Cross added: "Autism comes with several stigmas, and that can lead to people being met with judgement or disdain. We also hear from lots of families who have concerns about whether teenagers with autism are spending too much time playing things like video games. A lot of the time that is because people have a picture in their minds of how a person with autism should behave, but that is based on neurotypical experiences. Our studies have shown that there are everyday games and hobbies that autistic people do not simply enjoy but also gain confidence and other skills from. It might not be the case for everyone with autism, but our work suggests it can enable people to have positive experiences that are worth celebrating."
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Public trust in drinking water safety is low globally | ScienceDaily
A new study finds more than half of adults surveyed worldwide expect to be seriously harmed by their water within the next two years. Led by global health experts at Northwestern University and the University of North Carolina at Chapel Hill, the study sought to understand public perceptions of drinking water safety.


						
Because perceptions shape attitudes and behaviors, distrust in water quality has a negative impact on people's health, nutrition, psychological and economic well-being -- even when the water meets safety standards.

"If we think our water is unsafe, we will avoid using it," said Sera Young, professor of anthropology and global health at Northwestern and senior author of the new study.

"When we mistrust our tap water, we buy packaged water, which is wildly expensive and hard on the environment; drink soda or other sugar-sweetened beverages, which is hard on the teeth and the waistline; and consume highly processed prepared foods or go to restaurants to avoid cooking at home, which is less healthy and more expensive," Young said. "Individuals exposed to unsafe water also experience greater psychological stress and are at greater risk of depression."

Young is a Morton O. Schapiro Faculty Fellow at the Institute for Policy Research, a faculty fellow at the Paula M. Trienens Institute for Sustainability and Energy, and co-lead of the Making Water Insecurity Visible Working Group at the Buffett Institute for Global Affairs.

Using nationally representative data from 148,585 adults in 141 countries from the 2019 Lloyd's Register Foundation World Risk Poll, the authors found a high prevalence of anticipated harm from water supply, with the highest in Zambia, the lowest in Singapore and an overall mean of 52.3%.

They also identified key characteristics of those who thought they would be harmed by their drinking water. Women, city dwellers, individuals with more education, and those struggling on their current income were more likely to anticipate being harmed by their drinking water.




The researchers found that, surprisingly, higher corruption perception index scores were the strongest predictor of anticipated harm from drinking water, more so than factors like infrastructure and Gross Domestic Product.

Further, even within countries with consistent access to basic drinking water services, doubts about the safety of water were widespread. This includes the U.S. where 39% of those polled anticipated serious harm from drinking water in the short term.

"Our research highlights that it is imperative both to deliver safe drinking water and to make sure that people have confidence in their water source," said Joshua Miller, a doctoral student at the UNC Gillings School of Global Public Health and the study's first author.

The researchers note that it is difficult for consumers to judge the hazards and safety of their water supply because many contaminants are invisible, odorless and tasteless. Without adequate information, many are left to evaluate the safety of their water based on prior experiences, media reports, and personal values and beliefs.

"It's also possible that people correctly judge the safety of their water," Young said. "The good people of Flint didn't trust their water and they were spot on."

The co-authors suggest actions officials can take to improve public trust around drinking water, including efforts to make testing more readily available, translate test results, replace lead pipes and provide at-home water filters when contaminants are detected, as well as provide improved access to safe drinking water.

"This is the kind of work that can catalyze greater attention and political will to prioritize these services in national development plans and strategies, and get us closer to achieving universal access to safe drinking water," said Aaron Salzberg, director of the Water Institute at the UNC Gillings School of Global Public Health.

Salzberg previously served as the special coordinator for water resources in the U.S. Department of State, where he was responsible for managing the development and implementation of U.S. foreign policy on drinking water and sanitation, water resources management and transboundary water issues.
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Sharing expands caring: Study finds solution to a major source of doctor burnout | ScienceDaily
Who hasn't sat in a medical office, listening to computer keys clacking while their provider rapidly types up notes, wondering what they are spending so much time writing about? For doctors, who have always written clinical care notes but increasingly must spend time cataloging billing details, this additional documentation is a major source of job dissatisfaction and burnout. A new study out today by University of Maryland's School of Public Health illuminates a solution that can meaningfully reduce the amount of time doctors spend writing notes, without losing vital information.


						
"Providers are already stretched thin and under intense pressure to see more patients all while documenting large amounts of information. So we looked at how using medical scribes and other forms of teamwork for documentation can reduce that burden," says Nate Apathy, assistant professor of Health Policy and Management. Apathy's current research focuses on sources of technology-based burden in health care and strategies to reduce it.

Apathy's study, "Physician EHR Time and Visit Volume Following Adoption of Team-Based Documentation Support," was published today in JAMA Internal Medicine with collaborators from the University of California, San Francisco, and the University of Minnesota. The results show that collaborating on clinical documentation with other team members can help give doctors and other providers more time to spend on patient care. In this study, "team-based documentation" refers to scribes or other clinicians contributing to clinical notes, whether in the room or connected virtually, but does not include AI scribes.

The longitudinal study considered documentation practices and weekly visit volume of more than 18,000 outpatient doctors -- mostly primary care physicians and some medical and surgical specialists -- across more than 300 health care organizations across the United States over a 9-month period. Of this total, 1,024 doctors adopted some kind of teamwork for clinical note-writing.

"We found the vital thing is not just having teamwork for documentation, it is how much the non-physician collaborators are doing," Apathy said.

Of those providers using scribes and other forms of documentation collaboration, all of them were able to increase their volume of weekly patient visits. But only those whose teams wrote at least 40% of their note content actually reduced the doctor's time spent writing notes.

On average, visit volume increased by 6% and documentation time decreased by 9.1%. After a 20-week learning period, visit volume increased by 10.8% and documentation time decreased by 16.2%. For high-intensity adopters (those who had others write more than 40% of their notes), weekly documentation time went down by more than an hour (28.1% decrease), a relatively large time savings.




"Our research shows that when doctors use teamwork to complete their notes, whether that's with a medical scribe in the room, a virtual note-taking service, or just shared note-writing with other clinical team members in their offices, they can see more patients and, crucially, spend significantly less time with their nose in a computer," says Apathy.

For every visit, providers must complete clinical notes that contain everything from a patient's vital signs to test results to insurance billing data. While some of these notes are essential in tracking a patient's health, spending time on administrative documentation to ensure insurance companies pay the bills is an especially heavy burden and can have implications for quality of care.

Doctors generally report that they frequently have to catch up on notes after hours or in between appointments, adding more stress and work hours to an already overloaded occupation. The scribe can be a lifeline, especially when used sufficiently.

This study is the first to examine the real-world impact of medical scribes at such a scale. Apathy says innovations like virtual scribes are popular among primary care physicians because they are relatively cheap and easy to implement and scale, and the cost of a scribe can be offset with the increased income from more patient visits.

Even outside of the COVID pandemic, healthcare workers report high levels of stress and burnout, more than most other industries.

"So it's a triple win -- for managing the business side of a clinic, for a health system with a huge demand from patients and a major shortage of providers, and for easing the administrative workload of already overburdened doctors," Apathy said.
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Bicycle rolling-stop laws don't lead to unsafe behavior by riders or motorists, research shows | ScienceDaily
Laws that let bicyclists treat stop signs as yield signs lead neither riders nor motorists to act unsafely, according to a groundbreaking Oregon State University study.


						
The project by OSU College of Engineering researchers featured a novel experimental technique -- linking separate bicycle and motor vehicle simulators -- and the findings are important as more and more states consider bicycle rolling-stop legislation, said David Hurwitz, the study's leader.

"It required fully connecting two independent simulators, running subjects in pairs simultaneously and having each subject interacting with an avatar of the other in a shared virtual world," said Hurwitz, a transportation engineering professor. "We evaluated safety-relevant behaviors associated with laws stemming from the 'Idaho stop,' which was put on the books in 1982 but largely ignored around the country until not long ago."

Starting in 2017, seven states have followed Idaho's lead and enacted bicycle rolling-stop laws, including Oregon in 2019 and Washington in 2020. The others are Arkansas, Delaware, North Dakota, Oklahoma and Utah, and several additional states have considered legislation.

The laws vary in their specifics, but the basic idea is that cyclists are allowed to treat static stop signs as yield signs. The primary reason supporters like the laws is that they allow riders to keep their momentum, theoretically reducing intersection congestion and crash risk because the cyclists are getting through the intersection faster.

Nearly half of all bicycle-car crashes happen at intersections, Hurwitz said. In 2022, the latest year for which numbers are available, 1,105 bicyclists in the United States were killed in collisions with motor vehicles, according to the National Highway Traffic Safety Administration -- a 13% increase from the 976 killed in 2021.

"The focus of previous research has been crash-data analysis and why riders are motivated to do a rolling stop even when it's illegal in their state," he said. "No one has looked at how well bicycle rolling-stop laws work, or what happens when you educate people about them. Our networked simulator study design let us evaluate driver and rider behavior and their understanding of the law."

The study, which included Gonzaga University's Rhonda Young, an OSU graduate, and the University of Idaho's Kevin Chang, involved 60 people observed in pairs as they went through 16 "live-interaction" scenarios related to a bicyclist and motorist coming together at a four-way, stop-controlled intersection.




Previous research has indicated that drivers tend to be more aggressive toward cyclists when they think riders are breaking the law, Hurwitz said. In this study, time-space diagrams showed that after receiving education about the rolling-stop law, bicyclists preferred to yield rather than stop and went through intersections faster. Driving participants, meanwhile, approached intersections either more slowly or at a similar speed after being educated about the law.

"The findings suggest more outreach in regard to rolling-stop laws would be useful, and this research gives decision-makers information to support prospective legislative policies, set up educational programs and design robust enforcement practices," Hurwitz said.

That's particularly important in places like the Pacific Northwest, he added, noting Oregon and Washington have two of the largest percentages of bicycle commuters in the country. About 2% of Oregon workers get to their job via bicycle, and just under 1% of Washington workers.

The League of American Bicyclists' 2017 Report on American Community Survey shows Portland with the second-largest number of bicycle commuters in the United States, ranking behind only New York City. There are about 22,000 bicycle commuters in Portland, and about 17,000 in Seattle.
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Non-cognitive skills: The hidden key to academic success | ScienceDaily

"Our research challenges the long-held assumption that intelligence is the primary driver of academic achievement," says Dr Malanchini, Senior Lecturer in Psychology at Queen Mary University of London. "We've found compelling evidence that non-cognitive skills -- such as grit, perseverance, academic interest, and value attributed to learning -- are not only significant predictors of success but that their influence grows stronger over time."

The study, which followed over 10,000 children from age 7 to 16 in England and Wales, employed a combination of twin studies and DNA-based analyses to examine the complex interplay between genes, environment, and academic performance.

The power of non-cognitive genetics 

One of the most striking findings is the increasing role of genetics in shaping non-cognitive skills and their impact on academic achievement. By analysing DNA, researchers constructed a "polygenic score" for non-cognitive skills, essentially a genetic snapshot of a child's predisposition towards these skills.

"We discovered that genetic effects associated with non-cognitive skills become increasingly predictive of academic achievement over the school years, in fact their effect nearly doubles between the ages of 7 and 16" explained Dr Allegrini, Research Fellow at University College London. "By the end of compulsory education, genetic dispositions towards non-cognitive skills were equally as important as those related to cognitive abilities in predicting academic success."

This finding challenges the traditional view of educational achievement as determined largely by intelligence. Instead, the study suggests that a child's emotional and behavioural makeup, influenced by both genes and environment, plays a crucial role in their educational journey.




The role of environment 

While genetics undoubtedly contributes to non-cognitive skills, the study also emphasises the importance of environment. By comparing siblings, researchers were able to isolate the impact of shared family environment from genetic factors.

"We found that while family-wide processes play a significant role, the increasing influence of non-cognitive genetics on academic achievement remained evident even within families," said Dr Allegrini. "This suggests that children may actively shape their own learning experiences based on their personality, dispositions, and abilities, creating a feedback loop that reinforces their strengths."

Implications for education 

The findings of this study have profound implications for education. By recognising the critical role of non-cognitive skills, schools can develop targeted interventions to support students' emotional and social development alongside their academic learning.

"Our education system has traditionally focused on cognitive development," said Dr Malanchini. "It's time to rebalance that focus and give equal importance to nurturing non-cognitive skills. By doing so, we can create a more inclusive and effective learning environment for all students."

The study also highlights the need for further research into the complex interplay between genes, environment, and education. By understanding these factors, educators and policymakers can develop more effective strategies to support students' overall development and achieve better educational outcomes.

Dr Malanchini concluded, "This study is just the beginning. We hope it will inspire further research and lead to a transformation in how we approach education."

The study was a collaborative effort involving researchers from multiple institutions across six countries: University College London, VU University Amsterdam, University of Bologna, Royal Holloway, University of London, University of Oslo, University of York, Vrije Universiteit Amsterdam, Institute for Behavioral Genetics, The Max Planck Institute for Human Development, The University of Texas at Austin, Institute of Psychiatry, Psychology and Neuroscience, King's College London, and Queen Mary University of London. The research was funded by the Medical Research Council (MRC) of the UK Research and Innovation (UKRI).
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Scientific consensus can strengthen pro-climate attitudes in society | ScienceDaily
Climate scientists have long agreed that humans are largely responsible for climate change. A new study, co-led by Bojana Ve?kalov from the University of Amsterdam and Sandra Geiger from the University of Vienna, finds that communicating the scientific consensus about climate change can clear up misperceptions and strengthen beliefs about the existence and the causes of climate change. The team surveyed over 10,000 people from 27 countries on 6 continents. The study has just been published in the journal Nature Human Behaviour. 


						
Scientific consensus identifying humans as primarily responsible for climate change is not new and was already forming in the 1980s. Today, 97% to 99.9% of climate scientists agree that climate change is happening and that human activity is the primary cause. Over the past decade, researchers have begun to study the effects of communicating this overwhelming consensus -- with promising results. So far, however, such studies have primarily been conducted in the United States. "As is the case with many findings in behavioral science, we know little about the effects of communicating this consensus beyond the United States. Our study now takes an extensive and detailed look at these effects," says environmental psychologist Sandra Geiger from the University of Vienna.

The international research team of 46 collaborators showed different scientific consensus messages to more than 10,500 people and subsequently asked them about their opinions on climate change. "We observed that previous findings from the United States hold true in other parts of the world as well," explains co-lead author Bojana Veckalov from the University of Amsterdam. Across all 27 countries, people responded similarly to the scientific consensus on the existence and causes of climate change. Co-lead author Geiger further explains: "Prior to reading about the consensus among climate scientists, people estimated this consensus to be much lower than it really is. In response to reading about it, they adjusted their own perceptions, believed more in climate change, and worried more about it -- but they did not support public action on climate change more."

88% of climate scientists additionally agree that climate change constitutes a crisis. How do people react when they learn about this additional crisis consensus? Interestingly, this added piece of information did not have any effects. Co-lead author Veckalovexplains: "We believe that the gap between the actual and perceived consensus could have played a role. When it came to consensus on the existence and causes of climate change, respondents thought the scientific consensus was lower than it actually was, adjusted their estimate, and revised their beliefs. In the case of the crisis consensus, the respondents' estimate was substantially closer to the actual consensus, and this gap was likely not big enough to alter beliefs about climate change."

These new findings show that it is important to continue emphasizing the consensus among climate scientists -- be it in the media or in our everyday lives when we have conversations about climate change and its impacts. "Especially in the face of increasing politicization of science and misinformation about climate change, cultivating universal awareness of the scientific consensus will help protect public understanding of the issue," adds senior author Sander van der Linden from the University of Cambridge. "Beyond climate change communication, these findings also underscore the importance of testing previous findings in behavioral science globally. Such endeavors are only possible if we bring together researchers worldwide," summarizes study co-lead Sandra Geiger.
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Why children can't pay attention to the task at hand | ScienceDaily
Scientists have learned that children find it hard to focus on a task, and often take in information that won't help them complete their assignment. But the question is, why?


						
In a new study, researchers found that this "distributed attention" wasn't because children's brains weren't mature enough to understand the task or pay attention, and it wasn't because they were easily distracted and lacked the control to focus.

It now appears that kids distribute their attention broadly either out of simple curiosity or because their working memory isn't developed enough to complete a task without "over exploring."

"Children can't seem to stop themselves from gathering more information than they need to complete a task, even when they know exactly what they need," said Vladimir Sloutsky, co-author of the study and professor of psychology at The Ohio State University.

Sloutsky conducted the study, published recently in the journal Psychological Science, with lead author Qianqian Wan, a doctoral student in psychology at Ohio State.

Sloutsky and his colleagues have done several studies in the past documenting how children distribute their attention broadly, and don't seem to have the ability of adults to efficiently complete tasks by ignoring anything that is not relevant to their mission.

In this new research, Sloutsky and Wan confirmed that even when children successfully learn how to focus their attention on a task to earn small rewards such as stickers, they still "over explore" and don't concentrate just on what is needed to complete their assignment.




One goal of this study was to see if children's distractibility could be the explanation.

One study involved 4- to 6-year-old children and adults. Participants were told they were going to identify two types of bird-like creatures called Hibi or Gora. Each type had a unique combination of colors and shapes for their horn, head, beak, body, wing, feet and tail. For six of the seven body parts, the combination of color and shape predicted whether it was a Hibi or Gora with 66% accuracy. But one body part always was a perfect match to only one of the creatures, which both children and adults quickly learned to identify in the first part of the study.

In order to test whether children were easily distracted, the researchers covered up each body part, meaning the study participants had to uncover them one by one to identify which creature it was. They were rewarded for identifying the creature as quickly as possible.

For adults, the task was easy. If they knew the tail was the body part that was always matched perfectly with one of the two types of creatures, they always uncovered the tail and correctly identified the creature.

But the children were different. If they had learned the tail was the body part that always identified a creature perfectly, they would uncover that first -- but they would still uncover other body parts before they made their choice.

"There was nothing to distract the children -- everything was covered up. They could do like the adults and only click on the body part that identified the creature, but they did not," Sloutsky said.




"They just kept uncovering more body parts before they made their choice."

Another possibility is that children just like tapping on the buttons, Sloutsky said. So, in another study, they gave adults and children the opportunity to make just one tap on an "express" button to reveal the whole creature and all of its parts, or to tap on each body part individually to reveal it.

Children predominantly chose the express option to just tap once to reveal the creature to make their decision of what type it was. So, the kids weren't just clicking for the fun of it.

Future studies will look at whether this unneeded exploration is simple curiosity, Sloutsky said. But he said he thinks the more likely explanation is that working memory is not fully developed in children. That means they don't hold information they need to complete a task in their memory for very long, at least not as long as adults.

"The children learned that one body part will tell them what the creature is, but they may be concerned that they don't remember correctly. Their working memory is still under development," Sloutsky said.

"They want to resolve this uncertainty by continuing to sample, by looking at other body parts to see if they line up with what they think."

As children's working memory matures, they feel more confident in their ability to retain information for a longer time, he said, and act more like adults do.

The future research should resolve the question of whether the issue is curiosity or working memory, Sloutsky said.

This study was supported by a grant from the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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Looking for clues about your biological age? Your grandparents' education may offer some insight. | ScienceDaily
Eating well, exercising and attending regular doctor appointments can support a long healthy life, but a new study identified one possible factor beyond our control: whether you had a grandparent who went to college. The study, from researchers at Drexel University and colleagues from the University of California and the University of North Carolina, was recently published in the journal Social Science and Medicine.


						
Studying data across three generations -- education of parents and grandparents, and health data from parents and their children -- the group found a statistically significant association between grandparents' education level and their grandchildren's epigenetic-based "real" age (short definition of what is meant by "real" (how old an individual is based on their health profile and cells).

The study's finding that grandchildren of college-educated grandparents showed slower biological aging (i.e., younger biological age relative to chronological age) than those whose grandparents did not graduate from college is based on five different epigenetic-based aging clocks. These clocks use a saliva swab to examine a biological process known as DNA methylation -- which changes as the body ages -- to predict an individual's age based on their health profile at the cellular level.

"The research community has established a link between how social factors, socioeconomic factors, and childhood adversity can contribute to health trajectories," said lead author Agus Surachman, PhD, an assistant professor in the Dornsife School of Public Health, who completed his research for the study during his time as a postdoctoral scholar at University of California, San Francisco. "We know from animal studies that health is transmitted across several generations, from grandparents to grandchildren. But we now have robust human data that shows that not only do parents' socioeconomic factors play a role in their children's health, but that influence goes back an extra generation as well."

Previous human studies in this area found that exposure to traumatic experiences, such as the Holocaust and Tutsi genocide, can influence the methylation of genes among survivors and their children. The data in this study fills an important gap by examining a general population, and a common crude index of social stress exposures -- level of education. The authors say parents' education level is a useful metric for children's early life socioeconomic status and exposure to social stressors.

"Parental early life socioeconomic advantages may be associated with better health profile of their offspring through epigenetic mechanisms, especially through the maternal line," said Surachman. "This understanding about the intergenerational nature of transmission of social advantages and health should make us re-think our values. I'd like to see more resources invested in education and health, a factor which shapes offspring health before we are even born."

Epigenetic clocks are promising tools for estimating length of life, and can offer insights about the risk for chronic disease and other health outcomes. Tests can cost consumers hundreds of dollars, but experts say the cost may go down as the technology improves.




Mothers were recruited to the NHLBI Growth and Health Study (NGHS 1) when they were 9-10 years old, and then re-recruited three decades later for the National Growth and Health Study (NGHS 2), to gather health and education information and the health information to determine their youngest child's (ages 2-17) epigenetic aging, or biological age.

The researchers controlled for other factors that may influence child health, such as age of the grandchildren, sex, children's body-mass index (BMI), and characteristics of the mother -- the mother's childhood family structure, mother's health profile and the mother's marital status.

The team also wanted to understand what could help explain the intergenerational transmission -- if the health of the mother might help explain the transmission effect between grandparent education and grandchild biological age. They used mother's childhood and adult health data, measuring factors like BMI, cardiovascular health and adult c-reactive protein to measure body inflammation and found that the health of the mother explained a small amount of the link between grandparents' education and epigenetic age of their grandchildren (14.5% to be exact).

"The link between a grandparent's socioeconomic status and a grandchild's epigenetic age is a remarkable finding, across generations," said senior author Elissa Epel, PhD, a professor at the University of California, San Francisco. "This opens up a myriad of possible explanations and will need to be replicated. For now, we know that the mother's poorer metabolic health is a partial mediator of this relationship."

The authors are following this cohort to examine grandparent and parent predictors of the offspring as they reach adulthood. They are also looking at social and psychological factors of accelerated epigenetic aging in samples with chronic conditions, including breast cancer survivors and chronic kidney disease. However, more research is needed to examine the myriad of factors that influence health trajectories of youth, the authors caution.

"In the United States, we tend to over-emphasize individual responsibility when it comes to health -- and there's a lot of blaming people for their poor health," said Surachman. "But the reality is that health is much more complex than that. Some factors are simply beyond our control, such as the genetics and the inherited epigenetics we are born with. I hope this helps us give more grace and compassion to ourselves and our communities."

In addition to Surachman and Epel, other authors on the paper include Elissa Hamlat of the University of California San Francisco, Anthony S. Zannas of the University of North Carolina Chapel Hill, Steve Horvath of University of California Los Angeles and Barbara Laraia of the University of California Berkeley.

Support for the study came from the Drexel FIRST (Faculty Institutional Recruitment for Sustainable Transformation) Program, National Institutes of Health grant U54CA267735-02, the Eunice Kennedy Shriver National Institute of Child Health and Human Development grant [R01HD073568], a National Heart, Lung, and Blood Institute grant [R56HL141878], grants from the National Institute on Aging [R56AG059677 & R01AG059677], and by the LSP Family Foundation.
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Study finds nearly half of U.S. counties have at least one 'pharmacy desert' | ScienceDaily
Nearly half of counties in the United States have at least one 'pharmacy desert' where there is no retail pharmacy within 10 miles, according to a new study published by researchers at The Ohio State University Comprehensive Cancer Center -- Arthur G. James Cancer Hospital and Richard J. Solove Research Institute (OSUCCC -- James).


						
"As pharmacies close, more and more Americans are left without easy access to medications, with disproportionate consequences on certain communities. We found that patients in counties with higher social vulnerabilities and fewer primary care providers were up to 40% more likely to reside in a region with a pharmacy desert," said Timothy Pawlik, MD, senior author of the study and holder of the Urban Meyer III and Shelley Meyer Chair for Cancer Research at the OSUCCC -- James. Pawlik also serves as surgeon-in-chief at The Ohio State University Wexner Medical Center and as chair of the Department of Surgery in the Ohio State College of Medicine.

The U.S. Centers for Disease Control (CDC) defines social vulnerability as "potential negative effects on communities caused by external stresses on human health."

"These findings highlight how disparities compound the lack of access to basic health care and how it can lead to many people not taking their prescribed medications and having worse health outcomes, especially for chronic conditions like diabetes and hypertension," Pawlik added.

Study results were published today in JAMA Network Open.

Methods and Results

Researchers reviewed data on communities located less than 10 miles from the nearest retail pharmacy from the publicly available TelePharm Map. Counties were noted as having a high pharmacy desert density if the number of pharmacy deserts per 1,000 residents was in the 75th percentile. Social vulnerability index (SVI) and healthcare provider data were obtained from the CDC's Agency for Toxic Substances and Disease Registry and the Area Health Resource File databases, respectively. The researchers used statistical methods to analyze the relationships between these factors.

The study found almost 46% of the 3,143 counties had at least one pharmacy desert. Counties with a high density of pharmacy deserts had higher social vulnerability and fewer primary care providers. People in these high-density pharmacy desert areas were more likely to face difficulties accessing medications and healthcare services.

Collaborators in this study include Giovanni Catalano, MD, Muhammad Muntazir Mehdi Khan, MBBS, and Odysseas P. Chatzipanagiotou, MD.
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Scientists propose guidelines for solar geoengineering research | ScienceDaily
Scientists for several years have studied the theoretical effectiveness of injecting sulfur dioxide into the stratosphere to reflect heat from the Sun and offset Earth's warming temperatures. But they also want to ensure that the solar geoengineering approaches being studied are evaluated for their technical feasibility, as well as their cooling potential and possible ecological and societal side effects.


						
To guide future work, an international team of scientists led by the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR) has published a paper with specific recommendations for evaluating proposals to inject sulfur dioxide, which is known as stratospheric aerosol intervention (SAI). The paper also suggests criteria for discontinuing those scenarios that are not feasible because of scientific, technical, or societal issues.

"The goal is to work toward an assessment that can be used to identify the most feasible and legitimate scenarios, based on both how much they reduce natural and societal risks as well as any unwanted side effects," said NSF NCAR scientist Simone Tilmes, the lead author. "If society were to ever consider implementing SAI, it is imperative that we provide the best possible scientific understanding to policy makers and the public."

The paper, based on work funded by NSF and NOAA, was published in Oxford Open Climate Change.

Mimicking volcanic eruptions

Once injected into the stratosphere, sulfur dioxide would form sunlight-reflecting sulfate aerosols. Previous studies, drawing on computer modeling and observations of large volcanic eruptions, have shown these aerosols would have a cooling effect similar to that of a major volcanic eruption.

The injections could continue to cool Earth for decades or even centuries, buying time until heat-trapping greenhouse gases in the atmosphere return to lower levels.




The previous research, however, has also emphasized the potential risks of SAI, such as changing the stratospheric ozone layer and altering global precipitation patterns.

Since such injections cannot perfectly offset the impacts of greenhouse gas emissions, Tilmes and her co-authors write that informed policy decisions require a comprehensive understanding of the benefits and risks of SAI. They emphasize the need for a research and governance structure, with fair representation from both the Global South and North, to oversee SAI research and technology developments.

"Research on various solar geoengineering methods has been going on for a few decades now, but there hasn't been a formal assessment collating all the information in one place suitable for policy makers and the public," said NOAA scientist Karen Rosenlof, a co-author of the new paper. "It's time for such an assessment to occur, covering the criteria described in this paper, and repeated on a regular basis."

The paper proposes eight research criteria for assessing SAI developments. The criteria are:
    	Technical and economic limitations
    	Cooling potential
    	Ability to meet climate objectives
    	Infrastructure for monitoring, detection, and attribution
    	Large-scale and regional climate response
    	Impacts on human and natural systems
    	Societal risks
    	Mitigation of risks through governance

The paper recommends issuing assessment reports about SAI developments every few years with globally representative participation. The criteria can also be applicable to other solar radiation modification proposals, such as the brightening of marine clouds.

"The goal of these criteria is to promote optimal approaches from a climate perspective while carefully weighing the benefits and risks and making sure to include the perspectives of underrepresented groups and the Global South," Tilmes said.
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New images reveal global air quality trends | ScienceDaily
The global concentrations of one of the main air pollutants known to affect human health have been graphically illustrated for the first time by a team of scientists.


						
The Air Quality Stripes which were created by the University of Leeds, the University of Edinburgh, North Carolina State University, and the UK Met Office, starkly contrast the significant improvements in air quality across much of Europe with the alarming deterioration in parts of Africa and Central Asia.

The project's findings highlight both the successes and ongoing challenges in tackling air pollution worldwide.

Dr Kirsty Pringle from EPCC at the University of Edinburgh and co-director of the project, said: "Air pollution is often called the 'invisible killer', but these images make the invisible visible, showing the changes in particulate matter pollution over the decades."

Dr Jim McQuaid, an Associate Professor of Atmospheric Composition in the Leeds' School of Earth and Environment who worked on the Air Quality Stripes project with Dr Pringle, said: "The bottom line is that air pollution is one of the world's leading risk factors for death, it is thought to contribute to one in ten deaths globally.

"Our Air Quality Stripes show the huge range in trends and concentrations around the world. The stripes demonstrate that there is still more work to be done to reduce people's exposure to poor air quality, and in some places a great deal more!"

Inspired by the world-famous climate warming stripes image, the researchers created their own illustration to plot the changing trends in outdoor concentrations of what is known as particulate matter air pollution, a mix of tiny liquid or solid particles such as dust, dirt, soot, or smoke, which are found throughout the atmosphere.




Dr Steven Turnock, a senior scientist from the UK Met Office who provided the data for the Air Quality Stripes project, said: "Presenting this scientific data as Air Quality stripes really brings into focus the stark contrast in air quality trends and people's exposure to poor air quality depending on where they live."

There are stripes for the capital city of every nation worldwide with two additional cities for China, India, and the United States. The research team also included their own cities of Leeds, Edinburgh, and Exeter.

The lightest blue stripes meet the World Health Organisation Air Quality Guidelines which were introduced in 2021, with all other colours exceeding the guideline values.

Data from computer simulations and satellite observations were combined to estimate the changing concentrations of particulate matter since the beginning of the industrial revolution, with the colour palette for the stripes devised by an artist who analysed over 200 online images of "air pollution" to identify the dominant colour palettes.

Key Findings:
    	Europe's Air Quality Gains: The images show substantial reductions in particulate matter levels across most of Europe (predominantly Western Europe). Stricter air quality regulations and technological advancements have successfully reduced particulate matter concentrations in most European cities (e.g. London, Brussels, Berlin).
    	Worsening Conditions in Central Asia and parts of Africa: The visualisations reveal a concerning rise in particulate matter pollution in many cities in central Asia and Africa (e.g. Islamabad, Delhi, Nairobi). Rapid urbanisation, industrial growth, and limited regulatory frameworks are contributing to this troubling trend, which poses significant health risks to local populations.
    	Global Disparities: The images highlight the stark disparities in air quality progress between different regions, emphasising the need for targeted international efforts to address the growing air pollution crisis in the most affected areas.
    	The influence of natural sources was particularly notable in some locations, these sources include desert dust and wildfires, proximity to the coast was often quite noticeable with locations such as Jakarta having lower levels than might be expected.

A cocktail of pollutants

Particulate matter, or PM2.5, have a diameter less than a 30th of the width of a human hair and can penetrate deep into our lungs easily. The smallest particles cross into the bloodstream and affect our health, and some have even been detected in the blood of unborn children.




They can come from natural sources such as volcanoes and deserts but are also produced by human activities such as industry, cars, agriculture, domestic burning, and fires arising from climate change.

PM2.5 has been linked to a very wide range of health issues ranging from breathing problems like asthma, to reduced lung health, increased likelihood of developing cancer and heart disease, and an increased risk of developing many diseases including diabetes, Alzheimer's, and Parkinson's.

The World Health Organisation recommends that the annual average concentration of PM2.5 should not exceed a concentration of 5 micrograms per cubic meter air (5 ug/m3). This new guideline is a concentration which is generally classed as very good air quality. It is important to remember that there is NO safe level of PM2.5 recognised by medical science. At present, 99% of the world's population live with concentrations above this value, with the highest PM2.5 levels typically found in low- and middle-income countries.

TheAQ stripes use an annual average to take account of the ups and downs due to changes in weather patterns throughout the year, and to make comparison between locations simpler. However the researchers point out that even short-term exposure to very high levels can quickly have acute health effects requiring medical treatment.

Dr McQuaid added: "We created these to try to illustrate the complex data that computer models generate, into something that is much easier to understand.

"Strangely, one of the major headaches for us was the colour scheme. We finally went for blue to black, representing nice clean blue skies, through to black for extremely high levels of pollution.

"In the end we contacted a colleague in the US (Douglas Hamilton) and he worked with one of his team to create a colour scheme using an internet search of images tagged as 'air pollution' and they came up with what we finally went with. It was very similar to what we already had, but great to get external validation.

"To me it's all about that lightbulb moment when someone understands it; that sudden 'oh yeah now I get it!' I wanted it to be simple enough that non-experts could look at it and be able to understand it without having done science since leaving school. "

Dr Pringle added: "The images show that it is possible to reduce air pollution; the air in many cities in Europe is much cleaner now than it was 100 years ago, and this is improving our health. We really hope similar improvements can be achieved across the globe."

The Air Quality Stripes follow in the footsteps of the Climate Warming Stripes which were created by Professor Ed Hawkins at the National Centre for Atmospheric Science and University of Reading in 2018 and have since become very widely used as a visual representation of the Earth's warming climate.

Professor Hawkin's work has since inspired the creation of the Biodiversity Stripes which show biodiversity loss, and Ocean Acidification Stripes.
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Scientists call for an update in environmental decision making that takes human rights into account | ScienceDaily
Human wellbeing is connected to nature for food, climate regulation and culture, making the protection of nature a human rights matter.


						
Added to that, recent developments in international human rights law highlight that governments need to consider human-nature connections when making decisions that may affect the environment.

In a commentary published in npj Ocean Sustainability, an interdisciplinary group of researchers -- including experts in ecosystem services, environmental governance, deep-sea ecology, and law -- underscore that these developments should prompt a rethink of how any environmental decisions that hold the potential to impact biodiversity are made.

They argue this rethink should centre around assessments of foreseeable harm, and that any ability to foresee harms to human wellbeing is sufficient to prompt precautionary action to avert it.

Doing this would mark a significant evolution of current environmental decision-making which, they say, is presently "constrained by a perceived need for quantified certainty in impact assessment".

Critically, the authors outline that human rights law shows that available evidence should be integrated into decision-making, even when considered uncertain.

Considering this, they have called for all environmental decisions globally to take account of key scientific and ecological evidence -- including the knowledge and cultures held by local communities -- and new ecosystem system service risk-based research methods that can provide an assessment of precaution, when they are making environmental decisions.




This, the researchers say, will ensure that the ecosystems vital for human wellbeing across the planet are appropriately accounted for in decision making.

The article was authored by researchers from the University of Plymouth and the University of Strathclyde, working as part of the One Ocean Hub -- an international programme aiming to support fair and inclusive decision-making for a healthy ocean for people and planet.

Dr Holly Niner, Global Challenge Research Fellow at the University of Plymouth and lead author, said: "There are significant parts of our planet -- for example, the deep ocean -- that we currently know very little about. However, we know that these regions are critical for human wellbeing for global society. Uncertainty in understanding and lack of formalised, statistically certain evidence of the dependency of people to these regions should not be reason to exclude these connections in decisions-making that pose a potential risk of harm. If we are to protect the planet and human wellbeing, we need to consider the full picture and accept that biodiversity cannot and does not exist in a silo. This article makes the argument for addressing this and setting the critical connections between people and nature at the centre of decision-making."

The study's senior author Dr Sian Rees, Associate Professor of Social-Ecological Systems (Research) at the University of Plymouth, added: "Biodiversity loss is not just about a quantified decline in habitats and species, or a tradeable good in cost-benefit analysis. If we are to truly change our approach to protecting it now and for future generations, we need to challenge the current context for all environmental decision-making. We can start to do that by ensuring biodiversity loss is considered a human rights issue, and that environmental decision-making needs to align with advances in international human rights law."

The challenges of environmental decision-making: the case of the deep ocean

They account for around 60% of Earth's surface area, but large areas of the deep ocean remain completely unexplored. What is known about them, however, is that the habitats and biodiversity they support contributed to the health of the entire planet and global humanity.

Writing in the npj Ocean Sustainability article, the researchers highlight how it is possible to broadly describe the ecological and spiritual connections between people and the deep-sea via methods developed through ecosystem services research.

Accordingly, the authors argue, sufficient evidence is available to assess foreseeable harm and to integrate these values, and precautionary approaches, into any decisions that pose a potential risk loss or degradation to biodiversity and human wellbeing.
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Socioeconomics shape children's connection to nature more than where they live | ScienceDaily
The income and education levels of a child's environment determine their relationship to nature, not whether they live in a city or the countryside. This is the finding of a new study conducted by researchers at Lund University, Sweden. The results run counter to the assumption that growing up in the countryside automatically increases our connection to nature, and yet the study also shows that nature close to home increases children's well-being.
There is a general concern that, with urbanisation, people have lost contact with nature. According to research, less contact means lower engagement with nature and poorer health outcomes as people spend less time outdoors. How we might strengthen or rediscover our connection to nature is therefore a topical question. This is particularly important for children, partly because of the impact on their health, but also because it is in childhood that our relationships with nature are formed.
The researchers wanted to study the relationships urban and rural schoolchildren have to nature and whether these vary with socioeconomic status. They also wanted to look into whether feeding birds could serve as a point of contact with wildlife, potentially strengthening children's knowledge of and feeling for nature, and by extension, improving their sense of well-being.
"Contrary to expectations, we have shown that children's relationships with nature are not determined by whether they grow up in the countryside or in the city. Instead, socioeconomic factors play a decisive role. For example, children in areas with higher levels of education generally had better species knowledge, which in turn was linked to more positive attitudes towards wildlife. Higher incomes are linked to children participating more in nature-based activities, which also leads to a better connection to nature. This was true regardless of whether the children lived in a city centre or in the countryside," says Dr Johan Kjellberg Jensen, researcher at Lund University, who led the study.
The study did find some differences between urban and rural children, however.
"It appears that children use natural environments in different ways, but this does not affect their attitudes towards nature in general. We could also see that children who have more direct access to nature close to home report a higher self-perceived sense of well-being. This shows how important contact with nature really is," Dr Jensen says.
What was the outcome of the bird feeding project? The researchers from Lund found that children's species knowledge increased, but they saw no effect on well-being or attitudes to nature.
"That said, we saw a very wide variation in results between schools, which points to the important role of teachers and schools in projects like this. We already know that our contact with nature is shaped through social interactions and that adults have considerable responsibility in acting as role models for how children relate to nature," says Dr Johan Kjellberg Jensen, who also points out that this does not necessarily have to fall to teachers, who already have considerable responsibilities.
Another key finding of the study was that children with little access to nature close to home benefited most from the bird feeding project.
"This highlights the importance of green and equitable housing policies and urban planning. If we want future generations to have positive relationships with nature, enjoying all the health benefits that come with that, we may need targeted projects to increase children's contact with nature, both in urban and rural settings. This is particularly important in areas of low socioeconomic levels and little nature near residential housing," Dr Johan Kjellberg Jensen concludes.
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People seen as wise share these characteristics | ScienceDaily
What makes someone seem wise? People view wisdom through the lens of applying knowledge and thinking logically as well as considering others' feelings and perceptions, finds a new study led by University of Waterloo researchers who looked at perceptions of wisdom across 12 countries and five continents.


						
Researchers examined the underlying principles guiding who we perceive as wise in political leadership, science, and daily life. Across different cultures, participants' judgements converged on two dimensions: reflective orientation and socio-emotional awareness. Reflective orientation includes characteristics such as thinking logically, emotion control and application of knowledge. Socio-emotional awareness includes characteristics like care for other's feelings and attention to social context.

"To our surprise, the two dimensions emerged across all cultural regions we studied, and both were associated with explicit attribution of wisdom," said Dr. Maksim Rudnev, a postdoctoral research associate in psychology at Waterloo and lead author.

The study suggests how people around the world might judge, support and trust leaders, educators and others in positions of influence. One example is how people view U.S. former president Donald Trump and current president Joe Biden.

"While both dimensions of wisdom work together, people associate wisdom more with the reflective orientation. If someone is viewed as not able to reflect and think logically, then perceptions of them as socio-emotionally competent and moral won't compensate," said Dr. Igor Grossmann, the senior corresponding author and the director of the Wisdom and Culture Lab at the University of Waterloo. "You could see it in the immediate aftermath of the infamous Trump-Biden 2024 presidential debate: both candidates did not appear reflective, yet Trump seemed to have won the debate with many viewers perceiving Biden as socio-emotionally well-meaning but cognitively frail."

The collaboration among 26 research institutions was coordinated by the Geography of Philosophy consortium and included researchers from North and South Americas (Canada, U.S., Ecuador and Peru), Asia (China, India, Japan, and South Korea), Africa (Morocco and South Africa), and Europe (Slovakia).

The study involved 2,707 participants from 16 socio-economically and culturally diverse groups. They were prompted to compare 10 individuals, including scientists, politicians, and teachers, in the context of making a difficult choice in a real-life scenario without a clear right or wrong answer. The participants were then asked to rate the degree of wisdom of these individuals and themselves. The data was analyzed to identify underlying dimensions governing perceptions of wisdom among individuals and between groups.

"Interestingly, our participants considered themselves inferior to most exemplars of wisdom in regard to reflective orientation but were less self-conscious when it comes to socio-emotional characteristics," Rudnev said.

"Understanding perceptions of wisdom around the world has implications for leadership, education and cross-cultural communication. It is the first step in understanding universal principles in how others perceive wisdom people in different contexts."
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What works: Groundbreaking evaluation of climate policy measures over two decades | ScienceDaily
An international research team has unveiled the first comprehensive global evaluation of 1,500 climate policy measures from 41 countries across six continents. Published in the journal Science, this unprecedented study provides a detailed impact analysis of the wide range of climate policy measures implemented over the last two decades. The findings reveal a sobering reality: many policy measures have failed to achieve the necessary scale of emissions reductions. Only 63 cases of successful climate policies, each leading to average emission reductions of 19 percent, were identified. The key characteristic of these successful cases is the inclusion of tax and price incentives in well-designed policy mixes.


						
Much of the debate about climate policy centers on which climate policy instruments work in reducing emissions, and which do not. Yet prior evaluations have focused on a limited range of headline policies, neglecting hundreds of other measures. This new study, led by researchers at the Potsdam Institute for Climate Impact Research (PIK) and the Mercator Research Institute on Global Commons and Climate Change (MCC) in collaboration with experts from the University of Oxford, the University of Victoria, and the Organisation for Economic Co-operation and Development (OECD), aims to fill this gap. An accompanying interactive website, the "Climate Policy Explorer," offers a comprehensive overview of the results, analysis and methods, and is available to the public.

"We systematically evaluated policy measures that have rarely been studied until now, providing new insights into well-designed combinations of complementary policy instruments. From this, we derive best practices -- for the building, electricity, industry and transport sectors, and in both industrialised countries and often neglected developing countries," explains lead author Nicolas Koch from PIK and MCC. "Our findings demonstrate that more policies do not necessarily equate to better outcomes. Instead, the right mix of measures is crucial. For example, subsidies or regulations alone are insufficient; only in combination with price-based instruments, such as carbon and energy taxes, can they deliver substantial emission reductions."

The study highlights specific examples to illustrate this point. For instance, the researchers show that bans on coal-fired power plants or combustion engine cars do not result in major emissions reductions when implemented alone. Successful cases only arise in tandem with tax or price incentives, as shown in the UK for coal-fired power generation or in Norway for cars.

In-Depth Analysis of 1,500 Policy Measures and 63 Success Stories

The researchers evaluated 1,500 policy interventions implemented between 1998 and 2022, covering the entire spectrum of climate policy instruments, from energy-related building codes to purchase subsidies for climate-friendly products, and carbon taxes. Using a new OECD database, which represents the most comprehensive inventory of climate policies worldwide to date, and an innovative approach combining machine learning methods with established statistical analyses, the team conducted a detailed impact evaluation of these policies, identifying those measures that achieved large-scale emissions reductions.

"While it remains challenging to precisely disentangle the effects of individual measures within a policy mix, our 63 success cases provide systematic insights into effective policy combinations, and show how well-designed policy mixes depend on sectors and the development level of countries," notes lead author Annika Stechemesser from PIK. "This knowledge is vital for supporting policymakers and society in the transition to climate neutrality."

Climate Policy Explorer: A Comprehensive Resource 

The interactive Climate Policy Explorer offers detailed insights into specific countries, sectors, and policy measures. In the industrial sector, for example, China's pilot emissions trading systems significantly reduced emissions after a few years, complemented by reduced fossil fuel subsidies and stronger financing incentives for energy efficiency. In the electricity sector, the UK achieved major emissions reductions through a minimum carbon price, subsidies for renewable energy, and a coal phase-out plan. The US is an example of significant emission reductions in the transportation sector, resulting from a mix of tax incentives and subsidies for low-emitting vehicles and CO2 efficiency standards. Germany's eco-tax reform and truck toll introduction is another notable success story in the transport sector.

These findings and more can be explored interactively on the Climate Policy Explorer website: http://climate-policy-explorer.pik-potsdam.de/
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Dark matter could have helped make supermassive black holes in the early universe
        Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form. Astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole. In addition to explaining the existence of very early supermassive black holes, the findi...

      

      
        Bacterial cells transmit memories to offspring
        Bacterial cells can 'remember' brief, temporary changes to their bodies and immediate surroundings, a new study has found. And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

      

      
        Bats are surviving and thriving on nothing but sugar
        New research may enable potential solutions to metabolic disease by turning to evolution and to bats. 'Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats,' said one of the researchers. 'We are seeing a new trait we didn't know was possible.'

      

      
        Love is blind for male fruit flies who will choose sex over safety
        Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex.

      

      
        Highest-resolution observations yet from the surface of Earth
        Astronomers have achieved the highest resolution ever obtained from the surface of Earth. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. They estimate that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more bla...

      

      
        Hidden magmatism discovered at the Chang'e-6 lunar landing site
        Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrica...

      

      
        Six new rogue worlds: Star birth clues
        The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planet-like masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it. The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

      

      
        First low frequency search for alien technology in distant galaxies
        Researchers have announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. The research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours.

      

      
        Matching dinosaur footprints found on opposite sides of the Atlantic Ocean
        An international team of paleontologists has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.

      

      
        Early galaxies were not too big for their britches after all
        According to a new study, some of the earliest galaxies observed with the James Webb Space Telescope are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are. This helps resolve the debate over whether the size of early galaxies requires a revision of the standard model of cosmology.

      

      
        New record in search for dark matter
        New results from the world's most sensitive dark matter detector put the best-ever limits on particles called WIMPs, a leading candidate for what makes up our universe's invisible mass.

      

      
        Two epicenters led to Japan's violent Noto earthquake on New Year's Day
        The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a 'dual-initiation mechanism' applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.

      

      
        NASA's DART impact permanently changed the shape and orbit of asteroid moon
        A new study provides insights on the geophysics behind asteroid formation and evolution.

      

      
        Innovative field experiments shed light on biological clocks in nature
        A new study has used a series of innovative field experiments to show how plants combine circadian clock signals with environmental cues under naturally fluctuating conditions.

      

      
        Bonobos and ancient origin of the 'common enemy effect'
        A link between outgroup threats and ingroup cohesion has been considered since the time of Darwin to be an adaptation for group-based competition. During the years since, studies of all sorts -- from chimpanzees to cichlid fish to mongooses -- have found evidence supporting this view, but a crucial question has remained unanswered: what about species without strong inter-group competition?

      

      
        Toward a code-breaking quantum computer
        Building on a landmark algorithm, researchers propose a way to make a smaller and more noise-tolerant quantum factoring circuit for cryptography.

      

      
        Colorful traits in primates ease tensions between groups
        Primate ornamentation plays a crucial role in communication not only within social groups but also between them, according to a new study. The research reveals that the males of species with overlapping home ranges often display vibrant colors or elaborate features, traits that may help reduce intergroup aggression by enabling quick assessments of potential rivals.

      

      
        Life after (feigned) death
        A new study has revealed what animals do after they have feigned death in order to avoid being killed by a predator and what the context of this behavior is.

      

      
        Mitochondria are flinging their DNA into our brain cells
        A new study finds that mitochondria in our brain cells frequently fling their DNA into the cells' nucleus, where the mitochondrial DNA integrates into chromosomes, possibly causing harm.

      

      
        Creature the size of a dust grain found hiding in California's Mono Lake
        Mono Lake is a beautiful but harsh environment, its salty and arsenic-laced water home to brine shrimp, alkali flies and little else. Scientists recently discovered an unsuspected resident, however, a microscopic creature -- a choanoflagelatte -- that forms colonies that harbor their own unique bacterial microbiomes. The creature, part of the sister group to all animals, could shed light on the evolution of animals' intimate interactions with bacteria and the rise of multicellular life.
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Dark matter could have helped make supermassive black holes in the early universe | ScienceDaily
Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.


						
It takes a long time for supermassive black holes, like the one at the center of our Milky Way galaxy, to form. Typically, the birth of a black hole requires a giant star with the mass of at least 50 of our suns to burn out -- a process that can take a billion years -- and its core to collapse in on itself.

Even so, at only about 10 solar masses, the resulting black hole is a far cry from the 4 million-solar-masses black hole, Sagittarius A*, found in our Milky Way galaxy, or the billion-solar-mass supermassive black holes found in other galaxies. Such gigantic black holes can form from smaller black holes by accretion of gas and stars, and by mergers with other black holes, which take billions of years.

Why, then, is the James Webb Space Telescope discovering supermassive black holes near the beginning of time itself, eons before they should have been able to form? UCLA astrophysicists have an answer as mysterious as the black holes themselves: Dark matter kept hydrogen from cooling long enough for gravity to condense it into clouds big and dense enough to turn into black holes instead of stars. The finding is published in the journal Physical Review Letters.

"How surprising it has been to find a supermassive black hole with a billion solar mass when the universe itself is only half a billion years old," said senior author Alexander Kusenko, a professor of physics and astronomy at UCLA. "It's like finding a modern car among dinosaur bones and wondering who built that car in the prehistoric times."

Some astrophysicists have posited that a large cloud of gas could collapse to make a supermassive black hole directly, bypassing the long history of stellar burning, accretion and mergers. But there's a catch: Gravity will, indeed, pull a large cloud of gas together, but not into one large cloud. Instead, it gathers sections of the gas into little halos that float near each other but don't form a black hole.

The reason is because the gas cloud cools too quickly. As long as the gas is hot, its pressure can counter gravity. However, if the gas cools, pressure decreases, and gravity can prevail in many small regions, which collapse into dense objects before gravity has a chance to pull the entire cloud into a single black hole.




"How quickly the gas cools has a lot to do with the amount of molecular hydrogen," said first author and doctoral student Yifan Lu. "Hydrogen atoms bonded together in a molecule dissipate energy when they encounter a loose hydrogen atom. The hydrogen molecules become cooling agents as they absorb thermal energy and radiate it away. Hydrogen clouds in the early universe had too much molecular hydrogen, and the gas cooled quickly and formed small halos instead of large clouds."

Lu and postdoctoral researcher Zachary Picker wrote code to calculate all possible processes of this scenario and discovered that additional radiation can heat the gas and dissociate the hydrogen molecules, altering how the gas cools.

"If you add radiation in a certain energy range, it destroys molecular hydrogen and creates conditions that prevent fragmentation of large clouds," Lu said.

But where does the radiation come from?

Only a very tiny portion of matter in the universe is the kind that makes up our bodies, our planet, the stars and everything else we can observe. The vast majority of matter, detected by its gravitational effects on stellar objects and by the bending of light rays from distant sources, is made of some new particles, which scientists have not yet identified.

The forms and properties of dark matter are therefore a mystery that remains to be solved. While we don't know what dark matter is, particle theorists have long speculated that it could contain unstable particles which can decay into photons, the particles of light. Including such dark matter in the simulations provided the radiation needed for the gas to remain in a large cloud while it is collapsing into a black hole.

Dark matter could be made of particles that slowly decay, or it could be made of more than one particle species: some stable and some that decay at early times. In either case, the product of decay could be radiation in the form of photons, which break up molecular hydrogen and prevent hydrogen clouds from cooling too quickly. Even very mild decay of dark matter yielded enough radiation to prevent cooling, forming large clouds and, eventually, supermassive black holes.

"This could be the solution to why supermassive black holes are found very early on," Picker said. "If you're optimistic, you could also read this as positive evidence for one kind of dark matter. If these supermassive black holes formed by the collapse of a gas cloud, maybe the additional radiation required would have to come from the unknown physics of the dark sector."

Key takeaways
    	Supermassive black holes typically take billions of years to form. But the James Webb Space Telescope is finding them not that long after the Big Bang -- before they should have had time to form.
    	UCLA astrophysicists have discovered that if dark matter decays, the photons it emits keep the hydrogen gas hot enough for gravity to gather it into giant clouds and eventually condense it into a supermassive black hole.
    	In addition to explaining the existence of very early supermassive black holes, the finding lends support for the existence of a kind of dark matter capable of decaying into particles such as photons.
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Bacterial cells transmit memories to offspring | ScienceDaily
Bacterial cells can "remember" brief, temporary changes to their bodies and immediate surroundings, a new Northwestern University and University of Texas-Southwestern study has found.


						
And, although these changes are not encoded in the cell's genetics, the cell still passes memories of them to its offspring -- for multiple generations.

Not only does this discovery challenge long-held assumptions of how the simplest organisms transmit and inherit physical traits, it also could be leveraged for new medical applications. For example, researchers could circumvent antibiotic resistance by subtly tweaking a pathogenic bacterium to render its offspring more sensitive to treatment for generations.

The study will be published Wednesday (Aug. 28) in the journal Science Advances.

"A central assumption in bacterial biology is that heritable physical characteristics are determined primarily by DNA," said Northwestern's Adilson Motter, the study's senior author. "But, from the perspective of complex systems, we know that information also can be stored at the level of the network of regulatory relationships among genes. We wanted to explore whether there are characteristics transmitted from parents to offspring that are not encoded in DNA, but rather in the regulatory network itself. We found that temporary changes to gene regulation imprint lasting changes within the network that are passed on to the offspring. In other words, the echoes of changes affecting their parents persist in the regulatory network while the DNA remains unchanged."

Motter is the Charles E. and Emma H. Morrison Professor of Physics at Northwestern's Weinberg College of Arts and Sciences and director of the Center for Network Dynamics. The study's co-first authors are postdoctoral fellow Thomas Wytock and graduate student Yi Zhao, who are both members of Motter's laboratory. The study also involves a collaboration with Kimberly Reynolds, a systems biologist at the University of Texas Southwestern Medical Center.

Learning from a model organism

Since researchers first identified the molecular underpinnings of genetic code in the 1950s, they have assumed traits are primarily -- if not exclusively -- transmitted through DNA. However, after the completion of the Human Genome Project in 2001, researchers have revisited this assumption.




Wytock cites the World War II Dutch famine as a famous example pointing to the possibility of heritable, non-genetic traits in humans. A recent study showed that the children of men, who were exposed to the famine in utero, exhibited an increased tendency to become overweight as adults. But isolating the ultimate causes for this type of non-genetic inheritance in humans has proved challenging.

"In the case of complex organisms, the challenge lies in disentangling confounding factors such as survivor bias," Motter said. "But perhaps we can isolate the causes for the simplest single-cell organisms, since we can control their environment and interrogate their genetics. If we observe something in this case, we can attribute the origin of non-genetic inheritance to a limited number of possibilities -- in particular, changes in gene regulation."

The regulatory network is analogous to a communication network that genes use to influence each other. The research team hypothesized that this network alone could hold the key to transmitting traits to offspring. To explore this hypothesis, Motter and his team turned to Escherichia coli (E. coli), a common bacterium and well-studied model organism.

"In the case of E. coli, the entire organism is a single cell," Wytock said. "It has many fewer genes than a human cell, some 4,000 genes as opposed to 20,000. It also lacks the intracellular structures known to underlie the persistence of DNA organization in yeast and the multiplicity of cell types in higher organisms.Because E. coli is a well-studied model organism, we know the organization of the gene regulatory network in some detail."

Reversible stress, irreversible change

The research team used a mathematical model of the regulatory network to simulate the temporary deactivation (and subsequent reactivation) of individual genes in E. coli. They discovered these transient perturbations can generate lasting changes, which are projected to be inherited for multiple generations. The team currently is working to validate their simulations in laboratory experiments using a variation of CRISPR that deactivates genes temporarily rather than permanently.




But if the changes are encoded in the regulatory network rather than the DNA, the research team questioned how a cell can transmit them across generations. They propose that the reversible perturbation sparks an irreversible chain reaction within the regulatory network. As one gene deactivates, it affects the gene next to it in the network. By the time the first gene is reactivated, the cascade is already in full swing because the genes can form self-sustaining circuits that become impervious to outside influences once activated.

"It's a network phenomenon," said Motter, who is an expert in the dynamic behaviors of complex systems. "Genes interact with each other. If you perturb one gene, it affects others."

Although his team is deactivating genes to test the hypothesis, Motter is clear that different types of perturbations could cause a similar effect. "We also could have changed the cell's environment," he said. "It could be the temperature, the availability of nutrients or the pH."

The study also suggests that other organisms have the necessary elements to exhibit non-genetic heritability. "In biology, it's dangerous to assume anything is universal," Motter contends. "But, intuitively, I do expect the effect to be common because E. coli'sregulatory network is similar or simpler than those found in other organisms."

The study, "Irreversibility in bacterial regulatory networks," was supported by the National Science Foundation (award number MCB-2206974).
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Bats are surviving and thriving on nothing but sugar | ScienceDaily
Humans must regulate blood sugar concentrations to stay healthy and to fuel our cells. Too little or too much can cause serious health complications, and high blood sugar is a hallmark of the metabolic condition, diabetes. New research from the Stowers Institute for Medical Research may enable potential solutions to metabolic disease by turning to evolution and to bats.


						
Recently published in Nature Ecology and Evolution on August 28, 2024, the study led by co-first authors Postdoctoral Research Associate Jasmin Camacho, Ph.D., and former Stowers researcher Andrea Bernal-Rivera from the lab of Stowers Associate Investigator Nicolas Rohner, Ph.D., reports the highest naturally occurring blood sugar concentrations in mammals ever observed, a finding that suggests bats have evolved strategies to survive, and even thrive, with this extreme trait.

"Our study reports blood sugar levels that are the highest we have ever seen in nature -- what would be lethal, coma-inducing levels for mammals, but not for bats," said Camacho. "We are seeing a new trait we didn't know was possible."

Thirty million years ago, the Neotropical leaf-nosed bat survived solely on insects. Since then, these bats have diversified into many different species by changing what they eat. From insects, different lineages now specialize on diets ranging from fruits, nectar, meat, and everything in between -- even just blood.

"Looking to animals that have existed for millions of years allows us to start to catalog changes that have happened over evolution," said Camacho. "What makes Neotropical leaf-nosed bats so unique to study is that this group is comprised of many different species with very diverse diets, making it feasible to find answers about how diet evolves. The hope is that we can extend this understanding to other mammals, including humans, where there may be ways to learn how to better protect our own health."

To uncover how bats diversified their diets, the team traveled to the jungles of Central America, South America, and the Caribbean to conduct fieldwork over several years. These catch-and-release expeditions were focused on performing glucose tolerance tests -- measuring the concentration of sugar in blood -- on nearly 200 wild-caught bats across 29 species after a single feeding of one of three types of sugars associated with diets of insects, fruits, or nectar.

"We saw various ways sugar is assimilated -- absorbed, stored and used in the body -- and how this process has become specialized due to different diets," said Bernal-Rivera.




The mechanism for maintaining blood sugar levels within a narrow, healthy range is called glucose homeostasis, which is typically regulated by the hormone insulin and is what goes awry in diabetes. Different species of leaf-nosed bats reveal a spectrum of adaptations to glucose homeostasis, ranging from changes in intestinal anatomy to genetic alterations for proteins that transport sugar from blood to cells.

"Fruit bats have honed their insulin signaling pathway to lower blood sugar," said Camacho. "On the other extreme, nectar bats can tolerate high blood glucose levels, similar to what is observed in people with unregulated diabetes. They have evolved a different mechanism, and it does not seem to depend on insulin."

Although precisely how nectar bats are managing glucose is still under investigation, the researchers found potential clues for alternative metabolic strategies for glucose regulation. Bats with sugar-rich diets were observed to have longer portions of their intestines and to have intestinal cells with greater surface areas for absorbing nutrients from food, compared to bats with other diets. In addition, nectar bats, unique from fruit bats, have a continual expression of a gene responsible for sugar transport, a trait also observed in a species of hummingbird.

"This study establishes extremely important resources for the field," said Nadav Ahituv, Ph.D., a bioengineering and genetics professor at the University of California, San Francisco. "It provides not only metabolic characteristics of various bat species with different diets, but also their intestinal morphology, and candidate genomic regions and protein structural differences that could be driving dietary adaptations."

"The datasets will fuel future research that aims to differentiate mammalian dietary differences and could progress the development of novel therapeutics for a variety of metabolic diseases in humans," said Ahituv.

Additional authors include Valentina Pena, Sofia Robb, Ph.D., Jonathon Russell, Kexi Yi, Ph.D., Yongfu Wang, Ph.D., Dai Tsuchiya, Ph.D., and Oscar Murillo-Garcia, Ph.D. 

This work was supported by the National Science Foundation's Postdoctoral Research Fellowships in Biology (award: 2109717), the Burroughs Wellcome Fund Postdoctoral Diversity Enrichment Program (award: G-1022339), the Howard Hughes Medical Institute Hanna H. Gray Fellows Program (award: GT15991), and by institutional support from the Stowers Institute for Medical Research. A portion of fieldwork performed for this study was supported by Contribucion a la conservacion del Bosque seco Tropical del Valle del Cauca (CVC permit: 1122) from the Institute for Research and Preservation of the Cultural and Natural Heritage of Valle del Cauca. 
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Love is blind for male fruit flies who will choose sex over safety | ScienceDaily
Male fruit flies will become oblivious to physical danger as they become more engaged in courtship and sex, new research shows.


						
Researchers at the University of Birmingham have shown that pursuit of a coveted reward -- in this case a female fly -- will cause a male fruit fly to ignore threats such as predation.

In the study, published today (28 Aug) in Nature, the team was able to show for the first time the neural networks in the fly's brain that direct this decision-making process, revealing the neurotransmitter dopamine has a leading role to play.

Lead researcher Dr Carolina Rezaval said: "Every day we make decisions that require us to balance opportunities and risk -- but we know little about what is happening in our brains as we make these choices.

"By studying the neural pathways that are activated in the brains of fruit flies we can find out more about these processes. As the fly pursues his courtship and is close to mating, we can clearly see that when a threat is introduced, he simply does not see it."

In their experiment, the researchers used two-photon microscopy to look at which neurons in the fly's brain were activated during the courtship. The team introduced an artificial threat using light and shadow to simulate the effect of a predator flying nearby.

Dr Laurie Cazale-Debat, a leading researcher in Rezaval's group at the University of Birmingham, said: "During earlier stages of courtship, we found the presence of threat triggered certain visual neurons in the brain that interfere with neurons governed by serotonin. This prompts flies to abandon their courtship and escape the threat.




"As the courtship advances, however, the increase in dopamine blocks key sensory pathways, reducing the ability of the fly to respond to threat and causing it to focus on mating."

Dr Rezaval explains: "The animal must decide about what is most important. Dopamine is key to this decision-making process, but the levels of dopamine are closely related to the proximity of the goal -- how likely is success?

"You can see this kind of motivation at play all the time among humans. Imagine you're climbing a mountain and you're close to the summit," added Dr Lisa Scheunemann, a group leader from Freie Universitat Berlin and key contributor to the study. "If the weather changes and conditions become dangerous you might disregard that threat because you are so close to your goal."

Dr Rezaval concludes: 'Our study shows that as courtship progresses, dopamine increases, acting as a sensory filter that blocks distractions and helps the animal focus on the task at hand when close to its goal. We are excited to explore if this is a general decision-making mechanism that is also present in mammals, including humans."

This work was done in collaboration with Dr Lisa Scheunemann (Freie Universitat Berlin), Dr David Owald's group (Charite -- Universitatsmedizin Berlin) and Dr Andrew Lin's group (University of Sheffield). The research was supported by the Biotechnology and Biological Sciences Research Council, The Leverhulme Trust, Marie Sk?odowska-Curie Actions, German Research Foundation (DFG), European Research Council, and Wellcome Trust.
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Highest-resolution observations yet from the surface of Earth | ScienceDaily
The Event Horizon Telescope (EHT) Collaboration has conducted test observations, using the Atacama Large Millimeter/submillimeter Array (ALMA) and other facilities, that achieved the highest resolution ever obtained from the surface of Earth [1]. They managed this feat by detecting light from distant galaxies at a frequency of around 345 GHz, equivalent to a wavelength of 0.87 mm. The Collaboration estimates that in future they will be able to make black hole images that are 50% more detailed than was possible before, bringing the region immediately outside the boundary of nearby supermassive black holes into sharper focus. They will also be able to image more black holes than they have done so far. The new detections, part of a pilot experiment, were published today in The Astronomical Journal.


						
The EHT Collaboration released images of M87*, the supermassive black hole at the centre of the M87 galaxy, in 2019, and of Sgr A*, the black hole at the heart of our Milky Way galaxy, in 2022. These images were obtained by linking together multiple radio observatories across the planet, using a technique called very long baseline interferometry (VLBI), to form a single 'Earth-sized' virtual telescope.

To get higher-resolution images, astronomers typically rely on bigger telescopes -- or a larger separation between observatories working as part of an interferometer. But since the EHT was already the size of Earth, increasing the resolution of their ground-based observations called for a different approach. Another way to increase the resolution of a telescope is to observe light of a shorter wavelength -- and that's what the EHT Collaboration has now done.

"With the EHT, we saw the first images of black holes using the 1.3-mm wavelength observations, but the bright ring we saw, formed by light bending in the black hole's gravity, still looked blurry because we were at the absolute limits of how sharp we could make the images," said the study's co-lead Alexander Raymond, previously a postdoctoral scholar at the Center for Astrophysics | Harvard & Smithsonian (CfA), and now at the Jet Propulsion Laboratory, both in the United States. "At 0.87 mm, our images will be sharper and more detailed, which in turn will likely reveal new properties, both those that were previously predicted and maybe some that weren't."

To show that they could make detections at 0.87 mm, the Collaboration conducted test observations of distant, bright galaxies at this wavelength [2]. Rather than using the full EHT array, they employed two smaller subarrays, both of which included ALMA and the Atacama Pathfinder EXperiment (APEX) in the Atacama Desert in Chile. The European Southern Observatory (ESO) is a partner in ALMA and co-hosts and co-operates APEX. Other facilities used include the IRAM 30-meter telescope in Spain and the NOrthern Extended Millimeter Array (NOEMA) in France, as well as the Greenland Telescope and the Submillimeter Array in Hawai'i.

In this pilot experiment, the Collaboration achieved observations with detail as fine as 19 microarcseconds, meaning they observed at the highest-ever resolution from the surface of Earth. They have not been able to obtain images yet, though: while they made robust detections of light from several distant galaxies, not enough antennas were used to be able to accurately reconstruct an image from the data.

This technical test has opened up a new window to study black holes. With the full array, the EHT could see details as small as 13 microarcseconds, equivalent to seeing a bottle cap on the Moon from Earth. This means that, at 0.87 mm, they will be able to get images with a resolution about 50% higher than that of previously released M87* and SgrA* 1.3-mm images. In addition, there's potential to observe more distant, smaller and fainter black holes than the two the Collaboration has imaged thus far.




EHT Founding Director Sheperd "Shep" Doeleman, an astrophysicist at the CfA and study co-lead, says: "Looking at changes in the surrounding gas at different wavelengths will help us solve the mystery of how black holes attract and accrete matter, and how they can launch powerful jets that stream over galactic distances."

This is the first time that the VLBI technique has been successfully used at the 0.87 mm wavelength. While the ability to observe the night sky at 0.87 mm existed before the new detections, using the VLBI technique at this wavelength has always presented challenges that took time and technological advances to overcome. For example, water vapour in the atmosphere absorbs waves at 0.87 mm much more than it does at 1.3 mm, making it more difficult for radio telescopes to receive signals from black holes at the shorter wavelength. Combined with increasingly pronounced atmospheric turbulence and noise buildup at shorter wavelengths, and an inability to control global weather conditions during atmospherically sensitive observations, progress to shorter wavelengths for VLBI -- especially those that cross the barrier into the submillimetre regime -- has been slow. But with these new detections, that's all changed.

"These VLBI signal detections at 0.87 mm are groundbreaking since they open a new observing window for the study of supermassive black holes," states Thomas Krichbaum, a co-author of the study from the Max Planck Institute for Radio Astronomy in Germany, an institution that operates the APEX telescope together with ESO. He adds: "In the future, the combination of the IRAM telescopes in Spain (IRAM-30m) and France (NOEMA) with ALMA and APEX will enable imaging of even smaller and fainter emission than has been possible thus far at two wavelengths, 1.3 mm and 0.87 mm, simultaneously."

Notes

[1] There have been astronomical observations with higher resolution, but these were obtained by combining signals from telescopes on the ground with a telescope in space: https://www.mpifr-bonn.mpg.de/pressreleases/2022/2. The new observations released today are the highest-resolution ones ever obtained using only ground-based telescopes.

[2] To test their observations, the EHT Collaboration pointed the antennas to very distant 'active' galaxies, which are powered by supermassive black holes at their cores and are very bright. These types of sources help to calibrate the observations before pointing the EHT to fainter sources, like nearby black holes.
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Hidden magmatism discovered at the Chang'e-6 lunar landing site | ScienceDaily
Lunar igneous activities including intrusive and extrusive magmatism, and their products contain significant information about the lunar interior and its thermal state. Their distribution is asymmetrical on the nearside and farside, reflecting the global lunar dichotomy. In addition to previously returned lunar samples all from nearside (Apollo, Luna, and Chang'e-5), samples from the South Pole-Aitken (SPA) basin on the farside have long been thought to hold the key to rebalancing the asymmetrical understandings of the Moon and disclosing the lunar dichotomy conundrum.


						
Earlier this year, the Chang'e-6 mission of the Chinese Lunar Exploration Program, successfully launched on May 3, landed on the lunar surface on June 2, and returned to the Earth on June 25 carrying a total of 1935.3g of lunar soils. It is the world's first lunar farside sample-return mission, which landed in the south of the Apollo basin within the SPA basin on the farside. These precious samples would open a window to solve the long-standing question of lunar dichotomy, even reshape human's knowledge of our closest neighbour. However, compared with the well-known mare volcanism surrounding the Chang'e-6 landing site, the intrusive magmatic activities have a much more obscure presence and origin, impeding future sample analyses when they are available for application.

In a recent research paper published in The Astrophysical Journal Letters, Dr Yuqi QIAN, Professor Joseph MICHALSKI and Professor Guochun ZHAO from the Department of Earth Sciences at The University of Hong Kong (HKU) and their domestic and international collaborators have comprehensively studied the intrusive magmatism of the Chang'e-6 landing site and its surroundings based on remote sensing data. The study revealed their extensive distributions and obscure nature with significant implications for the petrogenesis of lunar plutonic rocks and the Chang'e-6 mission, which will facilitate scientists' further study of lunar farside.

The study has found that intrusive magmatism is widespread in the SPA basin. They occur in various forms including sills beneath floor-modified craters, linear and ring dikes shown by gravity data, and Mg-suite intrusions with characteristic spectral absorptions. These observations agree with the intermediate-thick crust of SPA where intrusion is favored. Landing in the SPA basin, Chang'e-6 likely collected plutonic rocks, excavated and transported by adjacent impact craters to the sampling site, that could be examined by the ongoing sample studies. They have discovered two heavily degraded floor-fractured craters, inspiring to identify more similar features on the Moon. All indicate that intrusive magmatism is abundant in the Chang'e-6 sampling region.

This study has traced potential plutonic materials in the Chang'e-6 samples and found that Mg-suite materials highly likely exist, primarily from the western peak ring of the Apollo basin delivered by Chaffee S crater. These Mg-rich materials contain crucial information on the origin of mysterious KREEP-poor Mg-suite rocks. Samples from both the intrusive and extrusive magmatism from the never sampled farside, especially the mysterious Mg-suite, will shed further light on solving the lunar dichotomy conundrum and a series of fundamental scientific questions relating to secondary crust building and early evolution of the Moon.

Professor Xianhua LI, an academician of the Chinese Academy of Science (CAS), and a leader of China's lunar sample studies from the Institute of Geology and Geophysics (CAS), said: 'The results of this research set a significant geological framework to study plutonic rocks in the Chang'e-6 samples, especially Mg-suite rocks.' Professor Li emphasised: 'Their petrogenesis and timing are unclear, and this research would dramatically help to understand their origin mechanism.'

'This research is an excellent example of HKU's deep involvement in the China's Lunar Exploration Program,' said Professor Guochun ZHAO, an academician of the Chinese Academy of Science and Chair Professor of Earth Sciences (HKU). 'Lunar and space exploration programs are an important component of China's goal to become a scientific and technological power, and HKU's proactive involvement in these programs will bring additional resources for Hong Kong to become an international centre for science and innovation,' he continued.

HKU is the first university in Hong Kong that possesses lunar samples obtained by the Chang'e-5 mission. Building on the foundation of this work, the geologists from HKU will also pursue opportunities to study Chang'e-6 samples in the future and be more deeply involved in the Chinese Lunar Exploration Program.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240827105001.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Six new rogue worlds: Star birth clues | ScienceDaily
The James Webb Space Telescope has spotted six likely rogue worlds -- objects with planetlike masses but untethered from any star's gravity -- including the lightest ever identified with a dusty disk around it.


						
The elusive objects offer new evidence that the same cosmic processes that give birth to stars may also play a common role in making objects only slightly bigger than Jupiter.

"We are probing the very limits of the star forming process," said lead author Adam Langeveld, an astrophysicist at Johns Hopkins University. "If you have an object that looks like a young Jupiter, is it possible that it could have become a star under the right conditions? This is important context for understanding both star and planet formation."

The findings come from Webb's deepest survey of the young nebula NGC1333, a star-forming cluster about a thousand light-years away in the Perseus constellation. A new image from the survey released today by the European Space Agency shows NGC1333 glowing with dramatic displays of interstellar dust and clouds. A paper detailing the survey's findings has been accepted for publication in The Astronomical Journal.

Webb's data suggest the discovered worlds are gas giants 5-10 times more massive than Jupiter. That means they are among the lowest-mass objects ever found to have grown from a process that would generally produce stars and brown dwarfs, objects straddling the boundary between stars and planets that never ignite hydrogen fusion and fade over time.

"We used Webb's unprecedented sensitivity at infrared wavelengths to search for the faintest members of a young star cluster, seeking to address a fundamental question in astronomy: How light an object can form like a star?" said Johns Hopkins Provost Ray Jayawardhana, an astrophysicist and senior author of the study. "It turns out the smallest free-floating objects that form like stars overlap in mass with giant exoplanets circling nearby stars."

The telescope's observations revealed no objects lower than five Jupiter masses despite possessing sufficient sensitivity to detect such bodies. That's a strong indication that any stellar objects lighter than this threshold are more likely to form the way planets do, the authors concluded.




"Our observations confirm that nature produces planetary mass objects in at least two different ways -- from the contraction of a cloud of gas and dust, the way stars form, and in disks of gas and dust around young stars, as Jupiter in our own solar system did," Jayawardhana said.

The most intriguing of the starless objects is also the lightest, having an estimated mass of five Jupiters (about 1,600 Earths). The presence of a dusty disk means the object almost certainly formed like a star, as space dust generally spins around a central object in the early stages of star formation, said Langeveld, a postdoctoral researcher in Jayawardhana's group.

Disks are also a prerequisite for the formation of planets, suggesting the observations may also have important implications for potential "mini" planets.

"Those tiny objects with masses comparable to giant planets may themselves be able to form their own planets," said co-author Aleks Scholz, an astrophysicist at the University of St Andrews. "This might be a nursery of a miniature planetary system, on a scale much smaller than our solar system."

Using the NIRISS instrument on Webb, the astronomers measured the infrared light profile (or spectrum) of every object in the observed portion of the star cluster and reanalyzed 19 known brown dwarfs. They also discovered a new brown dwarf with a planetary-mass companion, a rare finding that challenges theories of how binary systems form.

"It's likely that such a pair formed the way binary star systems do, from a cloud fragmenting as it contracted," Jayawardhana said. "The diversity of systems that nature has produced is remarkable and pushes us to refine our models of star and planet formation."

Rogue worlds may originate from collapsing molecular clouds that lack the mass for the nuclear fusion that powers stars. They can also form when gas and dust in disks around stars coalesce into planetlike orbs that are eventually ejected from their star systems, probably because of gravitational interactions with other bodies.




These free-floating objects blur classifications of celestial bodies because their masses overlap with gas giants and brown dwarfs. Even though such objects are considered rare in the Milky Way galaxy, the new Webb data show they account for about 10% of celestial bodies in the targeted star cluster.

In the coming months, the team will study more of the faint objects' atmospheres and compare them to heavier brown dwarfs and gas giant planets. They have also been awarded time on the Webb telescope to study similar objects with dusty disks to explore the possibility of forming mini planetary systems resembling Jupiter's and Saturn's numerous moons.

Other authors are Koraljka Muzi? and Daniel Capela of Universidade de Lisboa; Loic Albert, Rene Doyon, and David Lafreniere of Universite de Montreal; Laura Flagg of Johns Hopkins; Matthew de Furio of University of Texas at Austin; Doug Johnstone of Herzberg Astronomy and Astrophysics Research Centre; and Michael Meyer of University of Michigan, Ann Arbor.

The Deep Spectroscopic Survey for Young Brown Dwarfs and Free-Floating Planets used the Near Infrared Imager and Slitless Spectrograph (NIRISS) instrument on the James Webb Space Telescope, a collaboration between NASA, the European Space Agency, and the Canadian Space Agency.

The authors acknowledge support from the UKRI Science and Technology Facilities Council, the Fundacao para a Ciencia e a Tecnologia (FCT), the U.S. National Science Foundation, and the National Research Council of Canada.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240827104959.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First low frequency search for alien technology in distant galaxies | ScienceDaily
The SETI Institute, the Berkeley SETI Research Center and the International Centre for Radio Astronomy Research announced a groundbreaking study using the Murchison Widefield Array (MWA) in Western Australia. Led by Dr. Chenoa Tremblay of the SETI Institute and Prof. Steven Tingay of Curtin University, this research is the first to search for signs of alien technology in galaxies beyond our own, focusing on low radio frequencies (100 MHz). This innovative study used the MWA's large field of view (FOV), allowing the team to cover about 2,800 galaxies in one observation, of which 1300 we know the distance to.


						
Usually, the search for extraterrestrial intelligence (SETI) has focused on signals within our galaxy. This new approach goes further, looking at distant galaxies. This new approach looks at distant galaxies, making it one of the most detailed searches for super civilizations -- those more advanced than ours. To send a signal from another galaxy, a civilization would need technology powerful enough to use the energy of their sun or several stars in their galaxy.

"This work represents a significant step forward in our efforts to detect signals from advanced extraterrestrial civilizations," said Tremblay. "The large field of view and low-frequency range of the MWA makes it an ideal tool for this kind of re- search, and the limits we set will guide future studies."

While this first study did not find any technosignatures (signs of alien technology), it provides insights that will help focus future searches. It shows how important it is to keep exploring different radio frequencies and using the unique capabilities of telescopes like the MWA.

"The MWA continues to open up new ways of exploring the Universe for intelligent civilizations and technosig- natures, while using the same data to study the astrophysics of stars and galaxies. This work is new and novel, but also paves the way for future observations with even more powerful telescopes," said Tingay, who is also the Director of the MWA.

This research highlights the importance of working together internationally and using advanced technology to expand our understanding of the Universe. The SETI Institute explores the cosmos for signs of intelligent life and works to increase our knowledge of the universe.

For more information about SETI Institute projects, please visit: https://www.seti.org/
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Matching dinosaur footprints found on opposite sides of the Atlantic Ocean | ScienceDaily
An international team of researchers led by SMU paleontologist Louis L. Jacobs has found matching sets of Early Cretaceous dinosaur footprints on what are now two different continents.


						
More than 260 footprints were discovered in Brazil and in Cameroon, showing where land-dwelling dinosaurs were last able to freely cross between South America and Africa millions of years ago before the two continents split apart.

"We determined that in terms of age, these footprints were similar," Jacobs said. "In their geological and plate tectonic contexts, they were also similar. In terms of their shapes, they are almost identical."

The footprints, impressed into mud and silt along ancient rivers and lakes, were found more than 3,700 miles, or 6,000 kilometers, away from each other. Dinosaurs made the tracks 120 million years ago on a single supercontinent known as Gondwana -- which broke off from the larger landmass of Pangea, Jacobs said.

"One of the youngest and narrowest geological connections between Africa and South America was the elbow of northeastern Brazil nestled against what is now the coast of Cameroon along the Gulf of Guinea," Jacobs explained. "The two continents were continuous along that narrow stretch, so that animals on either side of that connection could potentially move across it."

Most of the dinosaur fossils were created by three-toed theropod dinosaurs.. A few were also likely made by sauropods or ornithischians, said Diana P. Vineyard, who is a research associate at SMU and co-author of the study.

Other co-authors of the study were Lawrence J. Flynn in the Department of Human Evolutionary Biology at Harvard University, Christopher R. Scotese in the Department of Earth and Planetary Sciences at Northwestern University and Ismar de Souza Carvalho at the Universidade Federal do Rio de Janeiro and Centro de Geociencias.




The study was published by New Mexico Museum of Natural History & Science in a tribute to the late paleontologist Martin Lockley, who spent much of his career studying dinosaurs tracks and footprints.

Dinosaur footprints tell the whole story

Africa and South America started to split around 140 million years ago, causing gashes in Earth's crust called rifts to open up along pre-existing weaknesses. As the tectonic plates beneath South America and Africa moved apart, magma from the Earth's mantle rose to the surface, creating new oceanic crust as the continents moved away from each other. And eventually, the South Atlantic Ocean filled the void between these two newly-shaped continents.

Signs of some of those major events were evident between both locations where the dinosaur footprints were found -- at the Borborema region in the northeast part of Brazil and the Koum Basin in northern Cameroon. Half-graben basins -- geologic structures formed during rifting as the Earth's crust pulls apart and faults form -- are found in both areas and contain ancient river and lake sediments. Along with dinosaur tracks, these sediments contain fossil pollen that indicate an age of 120 million years.

Before the continental connection between Africa and South America was severed, "rivers flowed and lakes formed in the basins" Jacobs said. "Plants fed the herbivores and supported a food chain. Muddy sediments left by the rivers and lakes contain dinosaur footprints, including those of meat-eaters, documenting that these river valleys could provide specific avenues for life to travel across the continents 120 million years ago."
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Early galaxies were not too big for their britches after all | ScienceDaily
When astronomers got their first glimpses of galaxies in the early universe from NASA's James Webb Space Telescope, they were expecting to find galactic pipsqueaks, but instead they found what appeared to be a bevy of Olympic bodybuilders. Some galaxies appeared to have grown so massive, so quickly, that simulations could not account for them. Some researchers suggested this meant that something might be wrong with the theory that explains what the universe is made of and how it has evolved since the big bang, known as the standard model of cosmology.


						
According to a new study in The Astrophysical Journal led by University of Texas at Austin graduate student Katherine Chworowsky, some of those early galaxies are in fact much less massive than they first appeared. Black holes in some of these galaxies make them appear much brighter and bigger than they really are.

"We are still seeing more galaxies than predicted, although none of them are so massive that they 'break' the universe," Chworowsky said.

The evidence was provided by Webb's Cosmic Evolution Early Release Science (CEERS) Survey, led by Steven Finkelstein, a professor of astronomy at UT and study co-author.

Black Holes Add to Brightness

According to this latest study, the galaxies that appeared overly massive probably host black holes rapidly consuming gas. Friction in the fast-moving gas emits heat and light, making these galaxies much brighter than they would be if that light emanated just from stars. This extra light can make it appear that the galaxies contain many more stars, and hence are more massive, than we would otherwise estimate. When scientists remove these galaxies, dubbed "little red dots" (based on their red color and small size), from the analysis, the remaining early galaxies are not too massive to fit within predictions of the standard model.

"So, the bottom line is there is no crisis in terms of the standard model of cosmology," Finkelstein said. "Any time you have a theory that has stood the test of time for so long, you have to have overwhelming evidence to really throw it out. And that's simply not the case."

Efficient Star Factories




Although they've settled the main problem, a less thorny one remains: There are still about twice as many massive galaxies in Webb's data of the early universe as expected from the standard model. One possible reason might be that stars formed more quickly in the early universe than they do today.

"Maybe in the early universe, galaxies were better at turning gas into stars," Chworowsky said.

Star formation happens when hot gas cools enough to succumb to gravity and condense into one or more stars. But as the gas contracts, it heats up, generating outward pressure. In our region of the universe, the balance of these opposing forces tends to make the star formation process very slow. But perhaps, according to some theories, because the early universe was denser than it is today, it was harder to blow gas out during star formation, allowing the process to go faster.

More Evidence of Black Holes

Concurrently, astronomers have been analyzing the spectra of "little red dots" discovered with Webb, with researchers in both the CEERS team and others finding evidence of fast-moving hydrogen gas, a signature of black hole accretion disks. This supports the idea that at least some of the light coming from these compact, red objects comes from gas swirling around black holes rather than stars -- reinforcing the conclusion of Chworowsky's team that the stars are probably not as massive as astronomers initially thought. However, further observations of these intriguing objects are incoming and should help solve the puzzle about how much light comes from stars versus gas around black holes.

Often in science, when you answer one question, that leads to new questions. Although the researchers have shown that the standard model of cosmology probably is not broken, their work points to the need for new ideas in star formation.




"And so, there is still that sense of intrigue," Chworowsky said. "Not everything is fully understood. That's what makes doing this kind of science fun, because it'd be a terribly boring field if one paper figured everything out, or there were no more questions to answer."

Other UT authors are Michael Boylan-Kolchin, Anthony Taylor and Micaela Bagley. They, Finkelstein (as its director) and Chworowsky are members of UT's Cosmic Frontier Center, which seeks to improve our understanding of the early universe.

Other institutions participating in this research are Colby College, University of Toronto, Texas A&M University, the National Science Foundation's National Optical-Infrared Astronomy Research Laboratory, NASA Goddard Space Flight Center, University of Connecticut, European Space Astronomy Centre, University of Massachusetts Amherst, University of California at Irvine, Centro de Astrobiologia (Spain), The Hebrew University of Jerusalem, Cosmic Dawn Center (Denmark), University of Copenhagen, Flatiron Institute, University of Louisville, Universidad de la Laguna, Universite Paris Cite, Swiss Federal Institute of Technology Lausanne, Rochester Institute of Technology, University of Padua (Italy), INAF -- Padua Astronomical Observatory (Italy), University of California at Riverside, University of Sussex, University of Malta, University of Groningen, SRON Netherlands Institute for Space Research and National Astronomical Observatory of Japan.

This research was supported by NASA, the Space Telescope Science Institute and the National Science Foundation.

The James Webb Space Telescope is an international program led by NASA with its partners the European Space Agency and the Canadian Space Agency.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240826131300.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New record in search for dark matter | ScienceDaily
Figuring out the nature of dark matter, the invisible substance that makes up most of the mass in our universe, is one of the greatest puzzles in physics. New results from the world's most sensitive dark matter detector, LUX-ZEPLIN (LZ), have narrowed down possibilities for one of the leading dark matter candidates: weakly interacting massive particles, or WIMPs.


						
LZ, led by the Department of Energy's Lawrence Berkeley National Laboratory (Berkeley Lab), hunts for dark matter from a cavern nearly one mile underground at the Sanford Underground Research Facility in South Dakota. The experiment's new results explore weaker dark matter interactions than ever searched before and further limit what WIMPs could be.

"These are new world-leading constraints by a sizable margin on dark matter and WIMPs," said Chamkaur Ghag, spokesperson for LZ and a professor at University College London (UCL). He noted that the detector and analysis techniques are performing even better than the collaboration expected. "If WIMPs had been within the region we searched, we'd have been able to robustly say something about them. We know we have the sensitivity and tools to see whether they're there as we search lower energies and accrue the bulk of this experiment's lifetime."

The collaboration found no evidence of WIMPs above a mass of 9 gigaelectronvolts/c2 (GeV/c2). (For comparison, the mass of a proton is slightly less than 1 GeV/c2.) The experiment's sensitivity to faint interactions helps researchers reject potential WIMP dark matter models that don't fit the data, leaving significantly fewer places for WIMPs to hide. The new results were presented at two physics conferences on August 26: TeV Particle Astrophysics 2024 in Chicago, Illinois, and LIDINE 2024 in Sao Paulo, Brazil. A scientific paper will be published in the coming weeks.

The results analyze 280 days' worth of data: a new set of 220 days (collected between March 2023 and April 2024) combined with 60 earlier days from LZ's first run. The experiment plans to collect 1,000 days' worth of data before it ends in 2028.

"If you think of the search for dark matter like looking for buried treasure, we've dug almost five times deeper than anyone else has in the past," said Scott Kravitz, LZ's deputy physics coordinator and a professor at the University of Texas at Austin. "That's something you don't do with a million shovels -- you do it by inventing a new tool."

LZ's sensitivity comes from the myriad ways the detector can reduce backgrounds, the false signals that can impersonate or hide a dark matter interaction. Deep underground, the detector is shielded from cosmic rays coming from space. To reduce natural radiation from everyday objects, LZ was built from thousands of ultraclean, low-radiation parts. The detector is built like an onion, with each layer either blocking outside radiation or tracking particle interactions to rule out dark matter mimics. And sophisticated new analysis techniques help rule out background interactions, particularly those from the most common culprit: radon.




This result is also the first time that LZ has applied "salting" -- a technique that adds fake WIMP signals during data collection. By camouflaging the real data until "unsalting" at the very end, researchers can avoid unconscious bias and keep from overly interpreting or changing their analysis.

"We're pushing the boundary into a regime where people have not looked for dark matter before," said Scott Haselschwardt, the LZ physics coordinator and a recent Chamberlain Fellow at Berkeley Lab who is now an assistant professor at the University of Michigan. "There's a human tendency to want to see patterns in data, so it's really important when you enter this new regime that no bias wanders in. If you make a discovery, you want to get it right."

Dark matter, so named because it does not emit, reflect, or absorb light, is estimated to make up 85% of the mass in the universe but has never been directly detected, though it has left its fingerprints on multiple astronomical observations. We wouldn't exist without this mysterious yet fundamental piece of the universe; dark matter's mass contributes to the gravitational attraction that helps galaxies form and stay together.

LZ uses 10 tonnes of liquid xenon to provide a dense, transparent material for dark matter particles to potentially bump into. The hope is for a WIMP to knock into a xenon nucleus, causing it to move, much like a hit from a cue ball in a game of pool. By collecting the light and electrons emitted during interactions, LZ captures potential WIMP signals alongside other data.

"We've demonstrated how strong we are as a WIMP search machine, and we're going to keep running and getting even better -- but there's lots of other things we can do with this detector," said Amy Cottle, lead on the WIMP search effort and an assistant professor at UCL. "The next stage is using these data to look at other interesting and rare physics processes, like rare decays of xenon atoms, neutrinoless double beta decay, boron-8 neutrinos from the sun, and other beyond-the-Standard-Model physics. And this is in addition to probing some of the most interesting and previously inaccessible dark matter models from the last 20 years."

LZ is a collaboration of roughly 250 scientists from 38 institutions in the United States, United Kingdom, Portugal, Switzerland, South Korea, and Australia; much of the work building, operating, and analyzing the record-setting experiment is done by early career researchers. The collaboration is already looking forward to analyzing the next data set and using new analysis tricks to look for even lower-mass dark matter. Scientists are also thinking through potential upgrades to further improve LZ, and planning for a next-generation dark matter detector called XLZD.

"Our ability to search for dark matter is improving at a rate faster than Moore's Law," Kravitz said. "If you look at an exponential curve, everything before now is nothing. Just wait until you see what comes next."

LZ is supported by the U.S. Department of Energy, Office of Science, Office of High Energy Physics and the National Energy Research Scientific Computing Center, a DOE Office of Science user facility. LZ is also supported by the Science & Technology Facilities Council of the United Kingdom; the Portuguese Foundation for Science and Technology; the Swiss National Science Foundation, and the Institute for Basic Science, Korea. Over 38 institutions of higher education and advanced research provided support to LZ. The LZ collaboration acknowledges the assistance of the Sanford Underground Research Facility.
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Two epicenters led to Japan's violent Noto earthquake on New Year's Day | ScienceDaily
The first seven months of 2024 have been so eventful, it's easy to forget that the year started off with a magnitude 7.5 earthquake centered beneath Japan's Noto Peninsula on New Year's Day. The earthquake killed more than 280 people and damaged more than 83,000 homes.


						
Geologists have now discovered that the earthquake began almost simultaneously at two different points on the fault, allowing the seismic rupture to encircle and break through a resistant area on the fault known as a barrier. This rare "dual-initiation" mechanism applied intense pressure from both sides of the barrier, leading to the powerful release of energy and substantial ground shaking across the Noto Peninsula.

The Noto earthquake was preceded by intense seismic swarms, which are sequences of many small earthquakes that can sometimes lead to a larger, catastrophic event. By using advanced seismic and geodetic technologies, the research team meticulously analyzed the movements within the Earth during this swarm that led to the earthquake.

The study, published in the journal Science, offers insight into the role of fault barriers, also known as asperities, in earthquake genesis, and will help improve seismic risk assessments and future earthquake forecasting.

Earthquakes happen when fractures in the Earth's crust, known as faults, allow blocks of rocks on either side of the fault to move past each other. This movement is localized, not continuous along the fault line, because the line is not even or smooth, which dissipates energy and eventually stops the movement.

A barrier is a rough area that locks the two sides of a fault in place. Barriers absorb the energy of fault movement, slowing it down or stopping it altogether. But there's only so much energy the barrier can absorb, and under the right conditions, the pent-up energy causes it to break violently, leading to strong shaking. A swarm of small earthquakes might not be enough to break a barrier, but if much stronger subsequent movement occurs on the fault, the barrier's rupture will release all that stored-up energy.

Led by Lingsen Meng, a UCLA associate professor of earth, planetary and space sciences, UCLA graduate student Liuwei Xu and UC Santa Barbara geophysics professor Chen Ji, an international team of researchers from the United States, France, China and Japan analyzed geospatial data and recordings of seismic waves to understand the relationships between the swarm of smaller tremors and the larger earthquake that followed them. They identified a previously unknown barrier in the region of the swarm.




To their surprise, the New Year's Day earthquake began almost simultaneously in two separate locations on the fault. Energy from each location moved toward the barrier, causing a violent rupture and extremely strong shaking.

"The earthquake started in two places and circled together," Meng said. "The first one started waves that traveled fast and triggered a different epicenter. Then both parts propagated outward together and met in middle, where the barrier was, and broke it."

The mechanics resemble bending a pencil on both ends until it snaps in the middle.

The finding was surprising because although dual initiation, as the process is known, has been seen in simulations, it has been much harder to observe in nature. Dual-initiation mechanisms require just the right conditions, which can be set in the lab but are less predictable in the real world.

"We were able to observe it because Japan has very good seismic monitoring stations and we also used GPS and satellite radar data. We grabbed all the data we could find! It's only through all of this data together that we got really good resolution on this fault and could get into these fine details," Meng said.

The vast majority of earthquakes don't have anywhere near this level of data collected, so it's possible that earthquakes with dual-initiation mechanisms are more common than geologists think.




"It could be that through better imaging and resolution, we'll identify more like this in the future," Meng said.

Earthquakes with dual epicenters have a higher risk for stronger shaking because there is stronger movement. Meng's group plans to consider future scenarios to learn about the conditions and probabilities of these earthquakes.

"Our findings emphasize the complex nature of earthquake initiation and the critical conditions that can lead to large-scale seismic events," Meng said. "Understanding these processes is vital for improving our ability to predict and mitigate the impacts of future earthquakes."

Key takeaways
    	The 7.5- magnitude earthquake beneath Japan's Noto Peninsula on Jan. 1, 2024, occurred when a "dual-initiation mechanism" applied enough energy from two different locations to break through a fault barrier -- an area that locks two sides of a fault in place and absorbs the energy of fault movement, slowing it down or stopping it altogether.
    	An international team of researchers led by UCLA graduate student Liuwei Xu, professor Lingsen Meng and UC Santa Barbara's Chen Ji analyzed a preceding seismic swarm and identified a previously unknown barrier in the region of the swarm.
    	The team's data collection methods could aid future research into the conditions and probabilities of dual-initiation earthquakes.
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NASA's DART impact permanently changed the shape and orbit of asteroid moon | ScienceDaily
When NASA's Double Asteroid Redirection Test (DART) spacecraft collided with an asteroid moon called Dimorphos in 2022, the moon was significantly deformed -- creating a large crater and reshaping it so dramatically that the moon derailed from its original evolutionary progression -- according to a new study. The study's researchers believe that Dimorphos may start to "tumble" chaotically in its attempts to move back into gravitational equilibrium with its parent asteroid named Didymos.


						
"For the most part, our original pre-impact predictions about how DART would change the way Didymos and its moon move in space were correct," said Derek Richardson, a professor of astronomy at the University of Maryland and a DART investigation working group lead. "But there are some unexpected findings that help provide a better picture of how asteroids and other small bodies form and evolve over time."

The paper published in Planetary Science Journal on August 23, 2024 by a team led by Richardson detailed notable post-impact observations and described possible implications for future asteroid research.

One of the biggest surprises was how much the impact with DART changed the shape of Dimorphos. According to Richardson, the asteroid moon was originally oblate (shaped like a hamburger) but became more prolate (stretched out like a football) after the DART spacecraft collided with it.

"We were expecting Dimorphos to be prolate pre-impact simply because that's generally how we believed the central body of a moon would gradually accumulate material that's been shed off a primary body like Didymos. It would naturally tend to form an elongated body that would always point its long axis toward the main body," Richardson explained. "But this result contradicts that idea and indicates that something more complex is at work here. Furthermore, the impact-induced change in Dimorphos' shape likely changed how it interacts with Didymos."

Richardson noted that although DART only hit the moon, the moon and the main body are connected through gravity. The debris scattered by the spacecraft on impact also played a role in the disturbed equilibrium between the moon and its asteroid, shortening Dimorphos' orbit around Didymos. Interestingly, Didymos' shape remained the same -- a finding that indicates that the larger asteroid's body is firm and rigid enough to maintain its form even after losing mass to create its moon.

According to Richardson, Dimorphos' changes have important implications for future exploration efforts, including the European Space Agency's follow-up mission to the Didymos system slated for October 2024.




"Originally, Dimorphos was probably in a very relaxed state and had one side pointing toward the main body, Didymos, just like how Earth's moon always has one face pointing toward our planet," Richardson explained. "Now, it's knocked out of alignment, which means it may wobble back and forth in its orientation. Dimorphos might also be 'tumbling,' meaning that we may have caused it to rotate chaotically and unpredictably."

The team is now waiting to find out when the ejected debris will clear from the system, whether Dimorphos is still tumbling in space and when it will eventually regain its previous stability.

"One of our biggest questions now is if Dimorphos is stable enough for spacecraft to land and install more research equipment on it," he said. "It could take a hundred years to see noticeable changes in the system, but it's only been a few years since the impact. Learning about how long it takes Dimorphos to regain its stability tells us important things about its internal structure, which in turn informs future attempts to deflect hazardous asteroids."

Richardson and his team hope that Hera will provide more information about DART's impact. By late 2026, Hera will arrive at the binary asteroid system containing Dimorphos and Didymos to assess the internal properties of both asteroids for the first time, providing a more detailed analysis of the DART mission and its implications for the future.

"DART gave us insight into complicated gravitational physics that you can't do in a lab, and all of this research helps us calibrate our efforts to defend Earth in the event of an actual threat," Richardson said. "There's a nonzero chance that an asteroid or comet will approach and endanger the planet. Now, we have an additional line of defense against these kinds of external threats."
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Innovative field experiments shed light on biological clocks in nature | ScienceDaily
Much of what we know about plant circadian rhythms is the result of laboratory experiments where inputs such as light and temperature can be tightly controlled.


						
Less is known about how these biological timing mechanisms operate in the more unpredictable natural world where they evolved to align living things to daily and seasonal cycles.

A pioneering collaborative study between UK and Japanese researchers has helped redress the balance with a series of innovative field experiments that show how plants combine clock signals with environmental cues under naturally fluctuating conditions.

This research team from the John Innes Centre, Kyoto University, and The Sainsbury Laboratory, Cambridge, have produced statistical models based on these field-based studies that could help us predict how plants, major crops among them, might respond to future temperatures.

"Our research highlights the value of international collaboration in cross-disciplinary scientific progress," said senior author Professor Antony Dodd, a group leader at the John Innes Centre. "It is fascinating to see how processes we have identified in the lab also work to influence plants under natural conditions."

Professor Hiroshi Kudoh from Kyoto University said, "Any living system has evolved in the context of its natural habitat. A great deal of work lies ahead to assess the function of genetic systems under natural conditions. This study was designed as one of the beginnings of such an endeavour."

A previous study by the group of Professor Dodd identified a genetic pathway under the control of the biological clock that operates to protect photosynthesising plants from cell damage in bright cold conditions.




In this present study, which appears in Proceedings of the National Academy of Sciences (PNAS), the research team set out to identify this same mechanism in nature, drawing on strong body of "in natura" research led by Professor Hiroshi Kudoh.

In two field studies around the March and September equinoxes, they analysed a natural population of Arabidopsis halleri plants on a rural Japanese field site.

They monitored how gene expression in the plants changed over 24-hour cycles as light and temperature varied.

Experiments involved extracting RNA from plants every two hours, freezing these samples and taking them back to the lab for analysis so that they could track gene expression levels in tissues.

The team also built equipment that enabled them to manipulate the temperatures around plants. This enabled them to recapitulate the conditions they produced in the lab in their previous study.

Plants are highly sensitive to red and blue light; so, to avoid influencing experimental findings, researchers wore green filters over their head torches which effectively meant that they were invisible to plants during nocturnal visits.




"It is surprising how difficult it is to identify green plants with a green head torch in the middle of the night, in pouring rain," remarked Professor Dodd.

Using the information collected from samples, the researchers observed patterns in the expression of genes in the previously discovered genetic pathway that integrates information from the plant circadian clock with light and temperature signals.

The data collected showed that the plants in wild populations showed the same sensitivity to cold and bright dawn conditions, previously observed in laboratory experiments.

Based on this information, the team developed statistical models which accurately predict how gene expression activity under control of circadian clock will respond to environmental signals over a day in nature.

"We believe this is the first time anyone has modelled a whole circadian clock signaling pathway in plants growing outdoors," said Professor Dodd.

"If we can produce models that can accurately predict gene expression in relation to environmental conditions, then it may be possible to breed plants that are able to adapt to future climate conditions."

Dr Haruki Nishio from Shiga University, joint first author on the study, said: "The flexibility of Bayesian time-series modelling allowed us to disentangle complex signal integration in natural environments. This approach has proven particularly effective for studies conducted in intricate environmental settings."

This study examined plant responses at the level of gene expression. The next stage for this research is to apply the statistical models produced in this study to functions of plant physiology such as the rate of photosynthesis or adaptation to temperature.

Dr Dora Cano-Ramirez, a circadian clock researcher now at the Sainsbury Laboratory Cambridge University and joint first author of the research, said: "The circadian clock regulates many key plant processes as shown in studies under laboratory settings, however, we have not known the extent to which these processes translate to field conditions until now."

"Understanding how circadian-regulated processes are aligned with a fluctuating environment by modelling this signaling pathway, could be useful in predicting plant responses in an increasingly unpredictable climate."

"Circadian and environmental signal integration in a natural population of Arabidopsis," appears in PNAS.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/08/240823120128.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Bonobos and ancient origin of the 'common enemy effect' | ScienceDaily
In the face of threats from other groups, humans, chimpanzees, and a selection of other species get closer with their own. Now an international team led by Kyoto University has shown that even our more peaceful cousins, bonobos -- who have never been observed to kill outsiders -- show a moderated version of this effect, hinting that this behavior may have emerged several million years ago, before our lineages went their separate ways.


						
A link between outgroup threats and ingroup cohesion has been considered since the time of Darwin to be an adaptation for group-based competition. During the years since, studies of all sorts -- from chimpanzees to cichlid fish to mongooses -- have found evidence supporting this view, but a crucial question has remained unanswered: what about species without strong inter-group competition?

To find an answer, the KyotoU team set up an experiment matched as closely as possible to an earlier study with chimpanzees: playback of vocalizations from other groups. In total, eight groups of bonobos at five sites in four countries were studied.

"We had no idea how this would turn out," says lead author James Brooks.

"Without lethal competition between groups, a link between ingroup cohesion and outgroup competition wouldn't be so adaptive, but if the effect dated back to before the human-chimpanzee-bonobo evolutionary split, then there might still be relics of the effect in modern bonobos."

The team's findings, published in the journal PLOS ONE, indicate that the observed bonobos were alert and attentive to the calls of other groups, but showed just a minor increase in affiliation with their own group when compared to chimpanzees. The bonobos were observed sitting upright more and resting less, with a subtle increase in rates of social grooming, a key behavior for reinforcing social bonds.

The authors hypothesize that our common ancestor -- living 5-6 million years ago -- may have had some group-based conflict, but that as the intensity decreased in bonobos' evolutionary history, so too did the strength of the effect.




"Although our study exposes deep roots to group conflict among our species, the real takeaway is that this can be overcome," adds Brooks, "not merely in individual instances, but on a species level."

All other ape species, including gorillas, orangutans, chimpanzees, gibbons, and humans, have been observed killing one another in the wild. Bonobos may have found a way to end this pattern, not only because they do not commit lethal aggression today, but more importantly because at some point within the past few million years they somehow stopped.

"Humans are capable of both: we can commit horrific acts to those we see as outside our group, but we're also capable of collaborating and working together across borders," says senior author Shinya Yamamoto.

"Bonobos teach us that the ways our ancestors treated other groups does not seal our fate. Our own species has elements of both chimpanzee and bonobo group relations, so it is crucial that we understand how both can, and have, evolved."
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Toward a code-breaking quantum computer | ScienceDaily
The most recent email you sent was likely encrypted using a tried-and-true method that relies on the idea that even the fastest computer would be unable to efficiently break a gigantic number into factors.


						
Quantum computers, on the other hand, promise to rapidly crack complex cryptographic systems that a classical computer might never be able to unravel. This promise is based on a quantum factoring algorithm proposed in 1994 by Peter Shor, who is now a professor at MIT.

But while researchers have taken great strides in the last 30 years, scientists have yet to build a quantum computer powerful enough to run Shor's algorithm.

As some researchers work to build larger quantum computers, others have been trying to improve Shor's algorithm so it could run on a smaller quantum circuit. About a year ago, New York University computer scientist Oded Regev proposed a major theoretical improvement. His algorithm could run faster, but the circuit would require more memory.

Building off those results, MIT researchers have proposed a best-of-both-worlds approach that combines the speed of Regev's algorithm with the memory-efficiency of Shor's. This new algorithm is as fast as Regev's, requires fewer quantum building blocks known as qubits, and has a higher tolerance to quantum noise, which could make it more feasible to implement in practice.

In the long run, this new algorithm could inform the development of novel encryption methods that can withstand the code-breaking power of quantum computers.

"If large-scale quantum computers ever get built, then factoring is toast and we have to find something else to use for cryptography. But how real is this threat? Can we make quantum factoring practical? Our work could potentially bring us one step closer to a practical implementation," says Vinod Vaikuntanathan, the Ford Foundation Professor of Engineering, a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL), and senior author of a paper describing the algorithm.




The paper's lead author is Seyoon Ragavan, a graduate student in the MIT Department of Electrical Engineering and Computer Science. The research will be presented at the 2024 International Cryptology Conference.

Cracking cryptography

To securely transmit messages over the internet, service providers like email clients and messaging apps typically rely on RSA, an encryption scheme invented by MIT researchers Ron Rivest, Adi Shamir, and Leonard Adleman in the 1970s (hence the name "RSA"). The system is based on the idea that factoring a 2,048-bit integer (a number with 617 digits) is too hard for a computer to do in a reasonable amount of time.

That idea was flipped on its head in 1994 when Shor, then working at Bell Labs, introduced an algorithm which proved that a quantum computer could factor quickly enough to break RSA cryptography.

"That was a turning point. But in 1994, nobody knew how to build a large enough quantum computer. And we're still pretty far from there. Some people wonder if they will ever be built," says Vaikuntanathan.

It is estimated that a quantum computer would need about 20 million qubits to run Shor's algorithm. Right now, the largest quantum computers have around 1,100 qubits.




A quantum computer performs computations using quantum circuits, just like a classical computer uses classical circuits. Each quantum circuit is composed of a series of operations known as quantum gates. These quantum gates utilize qubits, which are the smallest building blocks of a quantum computer, to perform calculations.

But quantum gates introduce noise, so having fewer gates would improve a machine's performance. Researchers have been striving to enhance Shor's algorithm so it could be run on a smaller circuit with fewer quantum gates.

That is precisely what Regev did with the circuit he proposed a year ago.

"That was big news because it was the first real improvement to Shor's circuit from 1994," Vaikuntanathan says.

The quantum circuit Shor proposed has a size proportional to the square of the number being factored. That means if one were to factor a 2,048-bit integer, the circuit would need millions of gates.

Regev's circuit requires significantly fewer quantum gates, but it needs many more qubits to provide enough memory. This presents a new problem.

"In a sense, some types of qubits are like apples or oranges. If you keep them around, they decay over time. You want to minimize the number of qubits you need to keep around," explains Vaikuntanathan.

He heard Regev speak about his results at a workshop last August. At the end of his talk, Regev posed a question: Could someone improve his circuit so it needs fewer qubits? Vaikuntanathan and Ragavan took up that question.

Quantum ping-pong

To factor a very large number, a quantum circuit would need to run many times, performing operations that involve computing powers, like 2 to the power of 100.

But computing such large powers is costly and difficult to perform on a quantum computer, since quantum computers can only perform reversible operations. Squaring a number is not a reversible operation, so each time a number is squared, more quantum memory must be added to compute the next square.

The MIT researchers found a clever way to compute exponents using a series of Fibonacci numbers that requires simple multiplication, which is reversible, rather than squaring. Their method needs just two quantum memory units to compute any exponent.

"It is kind of like a ping-pong game, where we start with a number and then bounce back and forth, multiplying between two quantum memory registers," Vaikuntanathan adds.

They also tackled the challenge of error correction. The circuits proposed by Shor and Regev require every quantum operation to be correct for their algorithm to work, Vaikuntanathan says. But error-free quantum gates would be infeasible on a real machine.

They overcame this problem using a technique to filter out corrupt results and only process the right ones.

The end-result is a circuit that is significantly more memory-efficient. Plus, their error correction technique would make the algorithm more practical to deploy.

"The authors resolve the two most important bottlenecks in the earlier quantum factoring algorithm. Although still not immediately practical, their work brings quantum factoring algorithms closer to reality," adds Regev.

In the future, the researchers hope to make their algorithm even more efficient and, someday, use it to test factoring on a real quantum circuit.

"The elephant-in-the-room question after this work is: Does it actually bring us closer to breaking RSA cryptography? That is not clear just yet; these improvements currently only kick in when the integers are much larger than 2,048 bits. Can we push this algorithm and make it more feasible than Shor's even for 2,048-bit integers?" says Ragavan.

This work is funded by an Akamai Presidential Fellowship, the U.S. Defense Advanced Research Projects Agency, the National Science Foundation, the MIT-IBM Watson AI Lab, a Thornton Family Faculty Research Innovation Fellowship, and a Simons Investigator Award.
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Colorful traits in primates ease tensions between groups | ScienceDaily
Primate ornamentation plays a crucial role in communication not only within social groups but also between them, according to a new study. The research reveals that the males of species with overlapping home ranges often display vibrant colors or elaborate features, traits that may help reduce intergroup aggression by enabling quick assessments of potential rivals.


						
Ornaments are sexually selected traits that serve as powerful signals, often indicating an individual's genetic quality, health or physical strength. These differences in appearance between males and females, known as dimorphic traits, are expressed in features like colorful fur or elaborate body structures. Examples include the golden snub-nosed monkey's lip wart and blueish face, the mandrill's vivid facial features with its red nose and blue skin, the gelada baboon's impressive mane and red chest patch, or the proboscis monkey's remarkably large nose.

A new study from the University of Zurich (UZH) has uncovered an intriguing link between these dimorphic traits and how primates interact with other groups. The research, conducted by Stefan Lupold from the Department of Evolutionary Biology and Environmental Studies at UZH in collaboration with Cyril Grueter from the University of Western Australia, shows that the vibrant colors and elaborate body ornaments seen in many primate species may do more than attract mates or establish social hierarchies. These features also play an important role in communication between different social groups.

Proximity encourages richer ornamentation

The researchers analyzed data from 144 primate species, including both monkeys and apes (prosimians and anthropoids). They focused on how ornamentation relates to the overlap of home ranges, which measures how much living space groups share with their neighbors. According to Stefan Lupold, the findings showed a clear pattern: "Species that shared more space with their neighbors had significantly greater differences in ornamentation between the sexes. In species where groups frequently interact, males are more likely to sport flashy traits that set them apart from females."

The study also found that intergroup encounters were less likely to be aggressive in species with greater home range overlap. Encounters deemed conflict-related included behaviors such as physical confrontation, displays of strength, avoidance, displacement, vigilance and vocal warnings. This suggests that vivid physical traits might help to reduce conflict between groups, possibly by allowing them to quickly assess potential rivals from a distance.

Complex world of animal communication

"These findings challenge the common belief that primate ornamentation is only about competing for mates within groups," says Lupold. "Instead, they highlight the importance of considering the wider social environment in which gregarious animals exist, recognizing the significance of social interactions both within and between groups." The study sheds new light on the evolution of primate ornamentation and provides valuable insights into the complex world of animal communication.
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Life after (feigned) death | ScienceDaily
A new study led by scientists from the University of Bristol has revealed what animals do after they have feigned death in order to avoid being killed by a predator and what the context of this behaviour is.


						
Many animals, as a last-ditch defence, become motionless after being contacted by a predator.

This behaviour is so common that it's recognised in such phrases as "playing possum." It is even said to occur in humans in extreme circumstances.

In previous studies, carried out by the same team using antlion larvae, scientists noticed that they become motionless after being individually handled.

At one point the larvae needed to be weighed, which with such small insects can be very difficult, if they move on the pan of the weighing balance, determining their mass can be a challenge.

However, when the antlion larvae were dropped, very gently, onto the pan of a weighing balance, they remained completely stationary for more than enough time for their weight to be recorded accurately.

Emeritus Professor Nigel Franks from the University of Bristol's School of Biological Sciences, who led the study, said: "We chose to investigate this so-called 'death-feigning' behaviour and we found that the amount of time individual antlions remain stationary is completely unpredictable for any one individual.




"This is confirmed by looking at the durations of post-contact immobility in a large number of antlions. Such data shows an exponential distribution. So just as with radioactive atoms, when an individual changes state is unpredictable, but the population pattern is perfectly predictable."

The study shows that the behaviour of antlions hiding in plain sight, in this way, is likely to be adaptive because a predator having picked up and then dropped an antlion larva could not know how long to wait for its potential victim to move again and once more become a recognisable prey item. Indeed, one of the antlions recorded remained completely stationary for more than an hour.

Even though it cannot be predicted when a motionless antlion will spring back to life this does not mean that the predator will necessarily have left the scene to look for alternative prey.

The team's next question was what animals do after playing possum. In the new study, they show that what antlions do depends on the situation in which they find themselves.

Antlion larvae are burrowing animals and might seek safety in submerging into the friable substrate where they normally build their pits. But it is quite possible that a predator might drop an antlion on to a hard substrate that wouldn't permit escape through borrowing.

By using sophisticated automated video tracking of the intermittent locomotion of individual antlions on different substrates researchers found that what an antlion does after terminating its period of motionlessness depends on what escape strategies are available.

Professor Franks added: "Our study might well be the first to determine what animals do after they have played dead, and we show that what they do is context dependent. It is a trade-off. So, our work opens up the field of studying life after death in the huge range of animals that exhibit death feigning, thanatosis or what we prefer to call post-contact immobility."
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Mitochondria are flinging their DNA into our brain cells | ScienceDaily
As direct descendants of ancient bacteria, mitochondria have always been a little alien.


						
Now a study shows that mitochondria are possibly even stranger than we thought.

Mitochondria in our brain cells frequently fling their DNA into the nucleus, the study found, where the DNA becomes integrated into the cells' chromosomes. And these insertions may be causing harm: Among the study's nearly 1,200 participants, those with more mitochondrial DNA insertions in their brain cells were more likely to die earlier than those with fewer insertions.

"We used to think that the transfer of DNA from mitochondria to the human genome was a rare occurrence," says Martin Picard, mitochondrial psychobiologist and associate professor of behavioral medicine at Columbia University Vagelos College of Physicians and Surgeons and in the Robert N. Butler Columbia Aging Center. Picard led the study with Ryan Mills of the University of Michigan.

"It's stunning that it appears to be happening several times during a person's lifetime, Picard adds. "We found lots of these insertions across different brain regions, but not in blood cells, explaining why dozens of earlier studies analyzing blood DNA missed this phenomenon."

Mitochondrial DNA behaves like a virus

Mitochondria live inside all our cells, but unlike other organelles, mitochondria have their own DNA, a small circular strand with about three dozen genes. Mitochondrial DNA is a remnant from the organelle's forebears: ancient bacteria that settled inside our single-celled ancestors about 1.5 billion years ago.




In the past few decades, researchers discovered that mitochondrial DNA has occasionally "jumped" out of the organelle and into human chromosomes.

"The mitochondrial DNA behaves similar to a virus in that it makes use of cuts in the genome and pastes itself in, or like jumping genes known as retrotransposons that move around the human genome," says Mills.

The insertions are called nuclear-mitochondrial segments -- NUMTs ("pronounced new-mites") -- and have been accumulating in our chromosomes for millions of years.

"As a result, all of us are walking around with hundreds of vestigial, mostly benign, mitochondrial DNA segments in our chromosomes that we inherited from our ancestors," Mills says.

Mitochondrial DNA insertions are common in the human brain

Research in just the past few years has shown that "NUMTogenesis" is still happening today.




"Jumping mitochondrial DNA is not something that only happened in the distant past," says Kalpita Karan, a postdoc in the Picard lab who conducted the research with Weichen Zhou, a research investigator in the Mills lab. "It's rare, but a new NUMT becomes integrated into the human genome about once in every 4,000 births. This is one of many ways, conserved from yeast to humans, by which mitochondria talk to nuclear genes."

The realization that new inherited NUMTs are still being created made Picard and Mills wonder if NUMTs could also arise in brain cells during our lifespan.

"Inherited NUMTs are mostly benign, probably because they arise early in development and the harmful ones are weeded out," says Zhou. But if a piece of mitochondrial DNA inserts itself within a gene or regulatory region, it could have important consequences on that person's health or lifespan. Neurons may be particularly susceptible to damage caused by NUMTs because when a neuron is damaged, the brain does not usually make a new brain cell to take its place.

To examine the extent and impact of new NUMTs in the brain, the team worked with Hans Klein, assistant professor in the Center for Translational and Computational Neuroimmunology at Columbia, who had access to DNA sequences from participants in the ROSMAP aging study (led by David Bennett at Rush University). The researchers looked for NUMTs in different regions of the brain using banked tissue samples from more than 1,000 older adults.

Their analysis showed that nuclear mitochondrial DNA insertion happens in the human brain -- mostly in the prefrontal cortex -- and likely several times over during a person's lifespan.

They also found that people with more NUMTs in their prefrontal cortex died earlier than individuals with fewer NUMTs. "This suggests for the first time that NUMTs may have functional consequences and possibly influence lifespan," Picard says. "NUMT accumulation can be added to the list of genome instability mechanisms that may contribute to aging, functional decline, and lifespan."

Stress accelerates NUMTogenesis

What causes NUMTs in the brain, and why do some regions accumulate more than others?

To get some clues, the researchers looked at a population of human skin cells that can be cultured and aged in a dish over several months, enabling exceptional longitudinal "lifespan" studies.

These cultured cells gradually accumulated several NUMTs per month, and when the cells' mitochondria were dysfunctional from stress, the cells accumulated NUMTs four to five times more rapidly.

"This shows a new way by which stress can affect the biology of our cells," Karan says. "Stress makes mitochondria more likely to release pieces of their DNA and these pieces can then 'infect' the nuclear genome," Zhou adds. It's just one way mitochondria shape our health beyond energy production.

"Mitochondria are cellular processors and a mighty signaling platform," Picard says. "We knew they can control which genes are turned on or off. Now we know mitochondria can even change the nuclear DNA sequence itself."
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Creature the size of a dust grain found hiding in California's Mono Lake | ScienceDaily
Mono Lake in the Eastern Sierra Nevada is known for its towering tufa formations, abundant brine shrimp and black clouds of alkali flies uniquely adapted to the salty, arsenic- and cyanide-laced water.


						
University of California, Berkeley, researchers have now found another unusual creature lurking in the lake's briny shallows -- one that could tell scientists about the origin of animals more than 650 million years ago.

The organism is a choanoflagellate, a microscopic, single-celled form of life that can divide and develop into multicellular colonies in a way that's similar to how animal embryos form. It's not a type of animal, however, but a member of a sister group to all animals. And as animals' closest living relative, the choanoflagellate is a crucial model for the leap from one-celled to multicellular life.

Surprisingly, it harbors its own microbiome, making it the first choanoflagellate known to establish a stable physical relationship with bacteria, instead of solely eating them. As such, it's one of the simplest organisms known to have a microbiome.

"Very little is known about choanoflagellates, and there are interesting biological phenomena that we can only gain insight into if we understand their ecology," said Nicole King, a UC Berkeley professor of molecular and cell biology and a Howard Hughes Medical Institute (HHMI) investigator who studies choanoflagellates as a model for what early life was like in ancient oceans.

Typically visible only through a microscope, choanoflagellates are often ignored by aquatic biologists, who instead focus on macroscopic animals, photosynthetic algae or bacteria. But their biology and lifestyle can give insight into creatures that existed in the oceans before animals evolved and that eventually gave rise to animals. This species in particular could shed light on the origin of interactions between animals and bacteria that led to the human microbiome.

"Animals evolved in oceans that were filled with bacteria," King said. "If you think about the tree of life, all organisms that are alive now are related to each other through evolutionary time. So if we study organisms that are alive today, then we can reconstruct what happened in the past."

King and her UC Berkeley colleagues described the organism -- which they named Barroeca monosierra, after the lake -- in a paper published online Aug. 14 in the journal mBio.




A beautiful colony

Nearly 10 years ago, then-UC Berkeley graduate student Daniel Richter came back from a climbing trip in the Eastern Sierra Nevada with a vial of Mono Lake water he'd casually collected along the way. Under the microscope, it was alive with choanoflagellates. Aside from brine shrimp, alkali flies and various species of nematode, few other forms of life have been reported to live in the inhospitable waters of the lake.

"It was just packed full of these big, beautiful colonies of choanoflagellates," King said. "I mean, they were the biggest ones we'd ever seen."

The colonies of what seemed to be close to 100 identical choanoflagellate cells formed a hollow sphere that twirled and spun as each individual cell kicked its flagella.

"One of the things that's interesting about them is that these colonies have a shape similar to the blastula -- a hollow ball of cells that forms early in animal development," King said. "We wanted to learn more about it."

At the time, however, King was occupied with other species of choanos, as she calls them, so the Mono Lake choanos languished in the freezer until some students revived and stained them to look at their unusual, doughnut-shaped chromosomes. Surprisingly, there was also DNA inside the hollow colony where there should have been no cells. After further investigation, graduate student Kayley Hake determined that they were bacteria.




"The bacteria were a huge surprise. That just was fascinating," King said.

Hake also detected connective structures, called extracellular matrix, inside the spherical colony that were secreted by the choanos.

Only then did it occur to Hake and King that these might not be the remains of bacteria the choanos ate, but bacteria living and grazing on stuff secreted by the colony.

"No one had ever described a choanoflagellate with a stable physical interaction with bacteria," she said. "In our prior studies, we found that choanos responded to small bacterial molecules that were floating through the water, or [that] the choanos were eating the bacteria, but there was no case where they were doing anything that could potentially be a symbiosis. Or in this case, a microbiome."

King teamed up with Jill Banfield, a pioneer in metagenomics and a UC Berkeley professor of environmental science, policy and management and of earth and planetary science, to determine which bacterial species were in the water and inside the choanos. Metagenomics involves sequencing all the DNA in an environmental sample to reconstruct the genomes of the organisms living there.

After Banfield's lab identified the microbes in Mono Lake water, Hake created DNA probes to determine which ones were also inside the choanos. The bacterial populations were not identical, King said, so evidently some bacteria survive better than others inside the oxygen-starved lumen of the choanoflagellate colony. Hake determined that they were not there accidentally; they were growing and dividing. Perhaps they were escaping the toxic environment of the lake, King mused, or maybe the choanos were farming the bacteria to eat them.

Much of this is speculation, she admits. Future experiments should uncover how the bacteria interact with the choanoflagellates. Past work in her lab has already shown that bacteria act like an aphrodisiac to stimulate mating in choanoflagellates, and that bacteria can stimulate single-celled choanos to aggregate into colonies.

For her, the Mono Lake choanoflagellate will become another model system in which to study evolution, just like the choanos that live in splash pools on the island of Curacao in the Caribbean -- her main focus at the moment -- and the choanos in pools at the North and South Poles. It might be a challenge to get more samples from Mono Lake, however. On a recent visit, only six of 100 samples contained these energetic microorganisms.

"I think there's a great deal more that needs to be done on the microbial life of Mono Lake, because it really underpins everything else about the ecosystem," King said. "I'm excited about B. monosierra as a new model for studying interactions between eukaryotes and bacteria. And I hope it tells us something about evolution. But even if it doesn't, I think it's a fascinating phenomenon."

In addition to King, Banfield, Hake and Richter, UC Berkeley co-authors of the paper include former doctoral student Patrick West, electron microscopist Kent McDonald and postdoctoral fellows Josean Reyes-Rivera and Alain Garcia De Las Bayonas. The work is supported by HHMI and the National Science Foundation.
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