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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.


      
        Revolutionary biomimetic olfactory chips to enable advanced gas sensing and odor detection
        A research team has addressed the long-standing challenge of creating artificial olfactory sensors with arrays of diverse high-performance gas sensors. Their newly developed biomimetic olfactory chips (BOC) are able to integrate nanotube sensor arrays on nanoporous substrates with up to 10,000 individually addressable gas sensors per chip, a configuration that is similar to how olfaction works for humans and other animals.

      

      
        Reverse effects of trauma? Older brain cells linger unexpectedly before their death
        Researchers report that mature oligodendrocytes -- the central nervous system cells critical for brain function -- cling to life following a fatal trauma for much, much longer than scientists knew. The findings suggest a new pathway for efforts to reverse or prevent the damage that aging and diseases such as multiple sclerosis cause to these important cells.

      

      
        Clear shift in arterial diseases in diabetes
        There has been a redistribution in the risk of arterial disease in type 1 and 2 diabetes. The risks of heart attack and stroke have decreased significantly, while complications in more peripheral vessels have increased in relative importance, according to new studies.

      

      
        Long-period oscillations control the Sun's differential rotation
        The interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. It turns out, long-period solar oscillations discovered in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler ...

      

      
        Researchers introduce enhanced brain signal analysis technique
        Researchers have introduced a new, refined method for analyzing brain signals, enhancing our understanding of brain functionality. This research has the potential to improve treatments for neurological conditions such as Parkinson's disease, pain, epilepsy and depression.

      

      
        Could AI play a role in locating damage to the brain after stroke?
        Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4).

      

      
        New tool provides researchers with improved understanding of stem cell aging in the brain
        Researchers can use the light naturally thrown off by biological specimens to better study the different states of stem cells in the nervous system, thanks to a tool brightening their chances for studying the way stem cells age.

      

      
        Artificial reef designed by MIT engineers could protect marine life, reduce storm damage
        Engineers designed an 'architected' reef that can mimic the wave-buffering effects of natural reefs while providing pockets for marine life. The sustainable and cost-saving structure could dissipate more than 95 percent of incoming wave energy using a small fraction of the material normally needed.

      

      
        Understanding cattle grazing personalities may foster sustainable rangelands
        New research finds that not all cattle are the same when it comes to grazing, and knowing that could lead to better animal health and range conditions.

      

      
        A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis
        Researchers have found that approved drugs that were originally shown to normalize blood vessels surrounding tumors (to improve drug delivery to cancer cells) can enhance the delivery of anti-microbial medications to kill tuberculosis bacteria residing in the lungs.

      

      
        Astronomers conduct first search for forming planets with new space telescope
        Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly.

      

      
        Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior
        Astronomers have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

      

      
        Combining epigenetic cancer medications may have benefit for colorectal cancers and other tumor types
        A pair of medications that make malignant cells act as if they have a virus could hold new promise for treating colorectal cancers and other solid tumors, reports a new study. The preclinical research determined how low doses of a DNMT inhibitor sensitize cancer cells to an EZH2 inhibitor, resulting in a one-two punch that combats cancer cells better than either drug alone. The findings are the foundation for an upcoming Phase I clinical trial to evaluate this combination in people with colorecta...

      

      
        Land under water: What causes extreme flooding?
        If rivers overflow their banks, the consequences can be devastating -- just like the catastrophic floods in North Rhine-Westphalia and Rhineland-Palatinate of 2021 showed. In order to limit flood damage and optimize flood risk assessment, we need to better understand what factors can lead to extreme forms of flooding and to what extent. Using methods of explainable machine learning, researchers have shown that floods are more extreme when several factors are involved in their development.

      

      
        Robot, can you say 'cheese'?
        What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?

      

      
        Researchers turn back the clock on cancer cells to offer new treatment paradigm
        Scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Scientists discovered that removing a second protein from cancer cells already experiencing tumor suppressor loss can reverse cancer cell identity.

      

      
        Making long-term memories requires nerve-cell damage
        Just as you can't make an omelet without breaking eggs, scientists have found that you can't make long-term memories without DNA damage and brain inflammation.

      

      
        More efficient TVs, screens and lighting
        New multidisciplinary research could lead to more efficient televisions, computer screens and lighting.

      

      
        Sweet success: Sugarcane's complex genetic code cracked
        Scientists created a highly accurate reference genome for one of the most important modern crops and found a rare example of how genes confer disease resistance in plants. Exploring sugarcane's genetic code could help researchers develop more resilient and productive crops, with implications for both sugar production and biofuels.

      

      
        Getting too little sleep linked to high blood pressure
        Sleeping fewer than seven hours is associated with a higher risk of developing high blood pressure over time, according to a new study.

      

      
        A solar cell you can bend and soak in water
        Researchers have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.

      

      
        Rock-wallaby bite size 'packs a punch'
        Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives. Researchers made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

      

      
        Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries
        Researchers have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.

      

      
        Spot-on laser treatment for skin blemishes becoming clearer with new index
        Scientists have developed the first wavelength-specific irradiation index for picosecond lasers, which are used in clinical practice to treat pigmented lesions. Comparison with previously reported clinical studies confirmed that clinical results showing low complication rates and high efficacy can be explained by the indicator they developed. The use of this indicator is expected to help set irradiation conditions in clinical practice.

      

      
        Scientists warn: The grey seal hunt is too large
        Researchers warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.

      

      
        Want to feel young? Protect your sleep
        Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one s actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains. Feeling sleepy can make you feel ten years older.

      

      
        A tiny spot leads to a large advancement in nano-processing, researchers reveal
        Focusing a tailored laser beam through transparent glass can create a tiny spot inside the material. Researchers have reported on a way to use this small spot to improve laser material processing, boosting processing resolution.

      

      
        Social, environmental factors may raise risk of developing heart disease and stroke
        Neighborhoods with more adversity have up to twice the increased risk of heart disease and stroke, according to a new study.

      

      
        Developmental psychology: Concern for others emerges during second year of life
        An empirical longitudinal study tracked the emergence of empathic concern in children.

      

      
        Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks
        This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.

      

      
        New technique for predicting protein dynamics may prove big breakthrough for drug discovery
        Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.

      

      
        Risk factors for faster aging in the brain revealed in new study
        Researchers have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.

      

      
        Heat, cold extremes hold untapped potential for solar and wind energy
        Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy. A study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, al...

      

      
        Looking to the past to prevent future extinction
        Anthropologists created a computational model to predict the likelihood of animal extinctions based on the complex interaction of hunting and environmental change.

      

      
        A new type of cooling for quantum simulators
        Quantum simulators are quantum systems that can be controlled exceptionally well. They can be used to indirectly learn something about other quantum systems, which cannot be experimented on so easily. Therefore, quantum simulators play an important role in unraveling the big questions of quantum physics. However, they are limited by temperature: They only work well, when they are extremely cold. Scientists have now developed a method to cool quantum simulators even more than before: by splitting ...

      

      
        Not unique to humans but uniquely human: researchers identify factor involved in brain expansion in humans
        What makes us human? According to neurobiologists it is our neocortex. This outer layer of the brain is rich in neurons and lets us do abstract thinking, create art, and speak complex languages. An international team has identified a new factor that might have contributed to neocortex expansion in humans.

      

      
        Popular obesity drugs may lead to medical procedure complications
        New research suggests people who are scheduled for certain medical procedures should stop taking popular weight loss drugs in the days or weeks prior to avoid complications.

      

      
        New enzymatic cocktail can kill tuberculosis-causing mycobacteria
        An enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis.

      

      
        Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole
        A new image from the Event Horizon Telescope (EHT) collaboration has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black hol...

      

      
        Safer, more efficient drug discovery
        Researchers have discovered a safer and more efficient technique for testing new drugs while they are in development.

      

      
        Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs'
        Researchers found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago.

      

      
        Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy
        Researchers are enhancing immunotherapy effects against malignant tumors by developing and validating patent-ending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP.

      

      
        Researchers discover a mechanism that could improve platinum-based cancer therapy
        Researchers say they have discovered that the protein puromycin-sensitive aminopeptidase (NPEPPS) plays a role in regulating response to platinum chemotherapy in patients with bladder cancer.

      

      
        The serious side of kid and canine play
        With two-thirds of children in the U.S. failing to meet national physical activity guidelines, kinesiologistshave been looking at the impact of the family dog on the exercise habits of kids. Could having a canine best friend get kids on their feet and help bring them more in line with the minimum recommendation of 60 minutes of moderate to vigorous physical activity every day?

      

      
        What if the heavy rain would have fallen 50 kilometers away?
        Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience.

      

      
        Biologists uncover new species of tiger beetle: Eunota houstoniana
        Evolutionary biologists have unearthed a new species of tiger beetle, deemed Eunota houstoniana, honoring the Houston region where it predominantly resides.

      

      
        Couples with similar drinking habits may live longer
        The couple that drinks together might live longer together, too, says a University of Michigan researcher.

      

      
        Implantable batteries can run on the body's own oxygen
        From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers have devised an implantable battery that runs on oxygen in the body. The study shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.

      

      
        Sap beetles vs wind: What pollinates screw pines?
        Researchers have discovered the first species pollinated by sap beetles in the genus Pandanus, a group of palm-like plants native to the tropics and subtropics of Africa and Eurasia. The discovery overturned the long-held belief that these plants were pollinated by wind. The researchers also found that fragrant screw pines' male and female flowers produced heat at night stably, making them the first such species in the family Pandanaceae.

      

      
        Accelerating CAR T cell therapy: Lipid nanoparticles speed up manufacturing
        Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.
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Revolutionary biomimetic olfactory chips to enable advanced gas sensing and odor detection | ScienceDaily
A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has addressed the long-standing challenge of creating artificial olfactory sensors with arrays of diverse high-performance gas sensors. Their newly developed biomimetic olfactory chips (BOC) are able to integrate nanotube sensor arrays on nanoporous substrates with up to 10,000 individually addressable gas sensors per chip, a configuration that is similar to how olfaction works for humans and other animals.


						
For decades, researchers worldwide have been developing artificial olfaction and electronic noses (e-noses) with the aim of emulating the intricate mechanism of the biological olfactory system to effectively discern complex odorant mixtures. Yet, major challenges of their development lie on the difficulty of miniaturizing the system and increasing its recognition capabilities in determining the exact gas species and their concentrations within complex odorant mixtures.

To tackle these issues, the research team led by Prof. FAN Zhiyong, Chair Professor at HKUST's Department of Electronic & Computer Engineering and Department of Chemical & Biological Engineering, used an engineered material composition gradient that allows for wide arrays of diverse sensors on one small nanostructured chip. Leveraging the power of artificial intelligence, their biomimetic olfactory chips exhibit exceptional sensitivity to various gases with excellent distinguishability for mixed gases and 24 distinct odors. With a vision to expand their olfactory chip's applications, the team also integrated the chips with vision sensors on a robot dog, creating a combined olfactory and visual system that can accurately identify objects in blind boxes.

The development of the biomimetic olfactory chips will not only improve the existing broad applications of the artificial olfaction and e-noses systems in food, environmental, medical and industrial process control etc, but also open up new possibilities in intelligent systems, such as advanced robots and portable smart devices, for applications in security patrols and rescue operations.

For example, in their applications in real-time monitoring and quality control, the biomimetic olfactory chips can be used to detect and analyze specific odors or volatile compounds associated with different stages of industrial processes to ensure safety; detect any abnormal or hazardous gases in environmental monitoring; and identify leakage in pipes to facilitate timely repair.

The technology presented in this study serves as a pivotal breakthrough in the realm of odor digitization. As the scientific community witnesses the triumphant prevalence of visual information digitization, facilitated by the modern and mature imaging sensing technologies, the realm of scent-based information has yet remained untapped due to the absence of advanced odor sensors. The work conducted by Prof. Fan's team has paved the way for the development of biomimetic odor sensors that possess immense potential. With further advancements, these sensors could find widespread utilization, akin to the ubiquitous presence of miniaturized cameras in cell phones and portable electronics, thereby enriching and enhancing people's quality of life.

"In the future, with the development of suitable bio-compatible materials, we hope that the biomimetic olfactory chip can also be placed on human body to allow us to smell odor that normally cannot be smelled. It can also monitor the abnormalities in volatile organic molecules in our breath and emitted by our skin, to warn us on potential diseases, reaching further potential of biomimetic engineering," said Prof. Fan.
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Reverse effects of trauma? Older brain cells linger unexpectedly before their death | ScienceDaily
For oligodendrocytes -- the central nervous system cells critical for brain function -- age may not bring wisdom, but it does come with the power to cling to life for much, much longer than scientists knew. That's according to a new study featured on the March 27 cover of the Journal of Neuroscience.


						
Mature oligodendrocytes took a shocking 45 days to die following a fatal trauma that killed younger cells within the expected 24 hours, Dartmouth researchers report. The findings suggest there's a new pathway for efforts to reverse or prevent the damage that aging and diseases such as multiple sclerosis cause to these important cells.

In the brain, oligodendrocytes wrap around the long, skinny connections between nerve cells known as axons, where they produce a lipid membrane called a myelin sheath that coats the axon. Axons transmit the electrical signals that nerve cells use to communicate; myelin sheaths -- like the plastic coating on a copper wire -- help these signals travel more efficiently.

Old age and neurodegenerative diseases like MS damage oligodendrocytes. When the cells die, their myelin production perishes with them, causing myelin sheaths to break down with nothing to replenish them. This can lead to the loss of motor function, feeling, and memory as neurons lose the ability to communicate.

Scientists have assumed that damaged oligodendrocytes -- like all injured cells -- initiate a cellular self-destruct called apoptosis in which the cells kill themselves. But Dartmouth researchers discovered that mature oligodendrocytes can experience an extended life before their death that has never been seen before. The findings pose the critical question of what in these cells changes as they mature that allows them to persist.

"We found that mature cells undertake a pathway that is still controlled, but not the classical programmed cell-death pathway," said Robert Hill, an assistant professor of biological sciences and corresponding author of the paper.

"We think this is showing us what happens in brains as we age and revealing a lot about how these cells die in older people," Hill said. "That unique mechanism is important for us to investigate further. We need to understand why these cells are following this pathway so we can potentially encourage or prevent it, depending on the disease context."

First author Timothy Chapman, who led the project as a PhD candidate in Hill's research group, said that efforts to develop treatments for preserving myelin have focused on cultivating young oligodendrocytes and protecting mature ones. But this study suggests the cells may change significantly as they age and that a one-size-fits-all treatment might not work.




"In response to the same thing, young cells go one way and old cells go another," said Chapman, who is now a postdoctoral researcher at Stanford University. "If you wanted to protect the old cells, you may have to do something completely different than if you wanted to help the young cells mature. You'll likely need a dual approach."

The paper builds on a living-tissue model the team reported in the journal Nature Neuroscience in March 2023 that allows them to initiate the death of a single oligodendrocyte to observe how the cells around it react. They reported that when an oligodendrocyte in a young brain died, the cells around it immediately replenished the lost myelin. In a brain equivalent to that of a 60-year-old, however, the surrounding cells did nothing and the myelin was lost.

"That model gets us as close as we can get to the cell-death process that happens in the brain," Hill said. "We're able to model the effects of aging really well. Our ability to select a single oligodendrocyte, watch it die, and watch it regenerate or fail to regenerate allows us to understand what drives this process at the cellular level and how it can be controlled."

For the latest study, the researchers used their model to fatally damage oligodendrocyte DNA using what amounts to a cellular death ray -- a photon-based device called 2Phatal that Hill developed. They also used the standard method for removing myelin that uses the copper-based toxin cuprizone as a comparison.

As previous studies have reported, the immature cells died quickly. But the older cells lived on, which the Dartmouth team at first interpreted as a resistance to DNA damage.

The study came into focus when the researchers examined the mature cells 45 days later using a long-term, high-resolution imaging technique developed in the Hill lab. "That's when we saw that it wasn't that the cells were resistant to damage -- they were experiencing this extended cell death instead," Hill said.




"No one's ever checked for cell death that long after DNA damage. It's the only example we can find in the literature where a cell experiences such a traumatic event and sticks around longer than a week," he said.

Because humans have oligodendrocytes for life, the cells are known to accumulate DNA damage and be more resilient than other cells, Chapman said. "That's why we think this effect is applicable to aging. One reason these cells may persist for such a long time is because they're used to experiencing this kind of damage naturally in aging," he said.

The study opens the first door of a vast labyrinth of more questions, Hill and Chapman say, such as whether the extended death is a good thing. It may be the equivalent of dysfunctional myelin, which is worse just sitting on an axon than if there was no myelin at all, Hill said. It isolates the cell from the surrounding tissue and essentially starves it of nutrients.

"It's almost like there is garbage sitting on the axon for 45 days. Do we want to save that garbage or speed up its removal? We didn't even know that was a question until we saw this," Hill said.

"If we understand the cell-death mechanism, maybe we can speed it up and get rid of that dysfunctional myelin," he said. "We're always trying to save the cells and save the tissue, but you have to know if they're worth saving."
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Clear shift in arterial diseases in diabetes | ScienceDaily
There has been a redistribution in the risk of arterial disease in type 1 and 2 diabetes. The risks of heart attack and stroke have decreased significantly, while complications in more peripheral vessels have increased in relative importance, according to studies at the University of Gothenburg.


						
It is well known that type 1 and 2 diabetes increase the risk of heart attack and stroke. Previous research has also identified the clearest cardiometabolic risk factors in this context, such as obesity, lipid disorders, and high blood pressure.

How diabetes and cardiometabolic risk factors affect blood vessels outside central organs such as the heart and brain, in more peripheral vessels, has not been examined to such an extent. However, these risks have now been studied in two articles published in The Lancet Regional Health -- Europe.

The researchers studied two decades of disease trends for virtually all peripheral arterial diseases in terms of long-term trends, control of modifiable risk factors, optimal levels for cardiometabolic risk factors, and the relative importance of selected risk factors.

Fewer complications over time

The studies include data on 34,263 individuals with type 1 diabetes and 655,250 individuals with type 2 diabetes from the Swedish National Diabetes Register between 2001 and 2020. For comparison, register data on 2,676,227 individuals without diabetes from the general population was also included.

Based on hundreds of statistical analyses, various complications in blood vessels outside the central organs have been investigated: carotid artery calcification and similar, hernia of the carotid artery, rupture of the inner wall of the carotid artery, calcification of the abdominal aorta and peripheral blood vessels in the lower extremities, and small vessel disease in the feet.




With some exceptions, these complications in type 1 and 2 diabetes have decreased over time. In relative terms, however, there has been a gradual shift in risk from arterial diseases in the central organs, such as heart attack and stroke, toward complications in peripheral vessels.

The benefits of closer checks

The results show great potential in terms of modifiable risk factors in type 1 diabetes. With closer checks on long-term blood sugar and blood pressure, the risk of several peripheral arterial complications can be reduced by 30-50%. These complications include carotid artery calcification, calcification of the abdominal aorta and peripheral vessels in the lower extremities, and small vessel disease in the feet.

However, patients with type 1 diabetes have very little to gain from lowering the current guideline values for cardiometabolic risk factors such as BMI, cholesterol and triglyceride levels, or improved renal function.

For type 2 diabetes, the analyses show that so-called bad cholesterol plays a major role in carotid artery calcification, and that lower levels of triglycerides significantly reduce the risk of peripheral arterial disease. However, being above the current guideline value for triglycerides, rather than at the guideline value, does not increase the risk.

Long-term blood sugar is crucial

In both type 1 and type 2 diabetes, long-term blood sugar appears to be by far the most important marker for peripheral arterial disease, which clearly differs from central arterial disease. At the same time, elevated long-term blood sugar appears to reinforce the aorta and significantly reduce the risk of hernia and rupture of the inner wall of the artery. The studies highlight the differences




that long-term blood sugar exerts on all blood vessels in the body, as well as important differences between central and peripheral arteries.

Aidin Rawshani is a researcher at the Department of Molecular and Clinical Medicine at the University of Gothenburg's Sahlgrenska Academy and a resident physician in cardiology and internal medicine at Sahlgrenska University Hospital Ostra, and is responsible for the studies:

"Our results reveal the potential for an even greater risk reduction for future events by maintaining lower levels of cardiometabolic risk factors, particularly early and intensive control of long-term blood sugar," he explains. "We also noted that the relative importance of these risk factors differs between the central and peripheral arteries, revealing differences in biological effects that cardiometabolic risk factors exert in different parts of the arterial tree. Long-term blood sugar plays a much more significant role in the development of peripheral arterial disease."

About: Disease trends 2001-2020 (number of cases per 100,000 people per year):

* Significant reduction in calcification of the carotid arteries and similar in type 1 diabetes, from 296 cases to 84. The corresponding figure for type 2 diabetes is a reduction from 170 to 84.

* Slight increase in aneurysm in type 2 diabetes, greater increase in type 1 diabetes, from 40 to 69 cases, and significant decline among control subjects without diabetes.

* Sharp reduction in calcification in the abdominal aorta and peripheral blood vessels in the lower extremities, from 723 to 311 cases in type 1 diabetes, and from 338 to 190 cases in type 2 diabetes.

* Significant reduction (the largest) in small vessel disease in the lower extremities in type 1 diabetes, from 814 to 77 cases. More modest reduction in type 2 diabetes, from 309 to 226 cases.

About: Managing risk factors (blood lipids, blood sugar, blood pressure, renal function, and lifestyle) for peripheral arterial complications:

* The risk of arterial disease in the carotid arteries and lower extremities in type 1 diabetes can be virtually eliminated with optimal control of risk factors. The risk increases fourfold (401%) with two risk factors outside therapeutic target values, and almost twentyfold (1,913%) with five risk factors, compared to controls without diabetes.

* The risk of small vessel disease in the feet in type 1 diabetes cannot be eliminated by controlling risk factors; all have between 500% and 2,944% increased risk compared to controls without diabetes.

* With type 2 diabetes and optimal risk control, there was a 16% excess risk of calcification of the abdominal aorta and peripheral arteries in the lower extremities. With two or more risk factors out of balance, the risk was 75% to 616% higher than for controls without diabetes.

* The risk of aortic complications was lower in both type 1 and type 2 diabetes, compared to controls.
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Long-period oscillations control the Sun's differential rotation | ScienceDaily
The Sun's differential rotation pattern has puzzled scientists for decades: while the poles rotate with a period of approximately 34 days, mid-latitudes rotate faster and the equatorial region requires only approximately 24 days for a full rotation. In addition, in past years advances in helioseismology, i.e. probing the solar interior with the help of solar acoustic waves, have established that this rotational profile is nearly constant throughout the entire convection zone. This layer of the Sun stretches from a depth of approximately 200,000 kilometers to the visible solar surface and is home to violent upheavals of hot plasma which play a crucial role in driving solar magnetism and activity.


						
While theoreticaThe interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. A team of scientists at the Max Planck Institute for Solar System Research (MPS) in Germany has made a ground-breaking discovery. As the team reports today in the journal Science Advances, the long-period solar oscillations discovered by MPS scientists in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler equator. To obtain their new results, the scientists interpreted observations from NASA's Solar Dynamics Observatory using cutting-edge numerical simulations of the solar interior. They found that the difference in temperature between the poles and the equator is about seven degrees.

l models have long postulated a slight temperature difference between solar poles and equator to maintain the Sun's rotational pattern, it has proven notoriously difficult to measure. After all, observations have to "look through" the background of the Sun's deep interior which measures up to million degrees in temperature. However, as the researchers from MPS show, it is now possible to determine the temperature difference from the observations of the long-period oscillations of the Sun.

In their analysis of observational data obtained by the Helioseismic and Magnetic Imager (HMI) onboard NASA's Solar Dynamics Observatory from 2017 to 2021, the scientists turned to global solar oscillations with long periods that can be discerned as swirling motions at the solar surface. Scientists from MPS reported their discovery of these inertial oscillations three years ago. Among these observed modes, the high-latitude modes with velocities of up to 70 km per hour, proved to be especially influential.

To study the nonlinear nature of these high-latitude oscillations, a set of three-dimensional numerical simulations was conducted. In their simulations, the high-latitude oscillations carry heat from the solar poles to the equator, which limits the temperature difference between the Sun's poles and the equator to less than seven degrees. "This very small temperature difference between the poles and the equator controls the angular momentum balance in the Sun and thus is an important feedback mechanism for the Sun's global dynamics" says MPS Director Prof. Dr. Laurent Gizon.

In their simulations, the researchers for the first time described the crucial processes in a fully three-dimensional model. Former endeavors had been limited to two-dimensional approaches that assumed the symmetry about the Sun's rotation axis. "Matching the nonlinear simulations to the observations allowed us to understand the physics of the long-period oscillations and their role in controlling the Sun's differential rotation," says MPS postdoc and the lead author of the study, Dr. Yuto Bekki.

The solar high-latitude oscillations are driven by a temperature gradient in a similar way to extratropical cyclones on the Earth. The physics is similar, though the details are different: "In the Sun, the solar pole is about seven degrees hotter than equator and this is enough to drive flows of about 70 kilometers per hour over a large fraction of the Sun. The process is somewhat similar to the driving of cyclones," says MPS scientist Dr. Robert Cameron.

Probing the physics of the Sun's deep interior is difficult. This study is important as it shows that the long-period oscillations of the Sun are not only useful probes of the solar interior, but that they play an active role in the way the Sun works. Future work, which will be carried out in the context of the ERC Synergy Grant WHOLESUN and the DFG Collaborative Research Center 1456 Mathematics of Experiments, will be aimed at better understanding the role of these oscillations and their diagnostic potential.
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Researchers introduce enhanced brain signal analysis technique | ScienceDaily
University of Minnesota Medical School researchers have introduced a new, refined method for analyzing brain signals, enhancing our understanding of brain functionality. This research has the potential to improve treatments for neurological conditions such as Parkinson's disease, pain, epilepsy and depression. The findings were recently published in NeuroImage. 


						
"This breakthrough provides a more detailed understanding of the brain's complex activity, akin to upgrading from a basic telescope to a sophisticated space observatory," said David Darrow, MD, MPH, an assistant professor at the U of M Medical School, a neurosurgeon with M Health Fairview and senior author. "This innovation could impact various aspects of everyday life -- from education and mental health to artificial intelligence, paving the way for future technological advancements and a deeper understanding of human cognition."

One of the key findings of this research is the enhanced ability to analyze direct brain recordings -- meaning scientists can now better understand how brain activity correlates to different tasks and behaviors. Additionally, this method allows researchers to directly extract patterns of brain activity over time, revealing how different brain areas process stimuli during tasks such as image identification.

"This research represents a significant advance in our ability to analyze neural signals. It opens up new possibilities for understanding the complex dynamics of the human brain, paving the way for future discoveries in neuroscience," said Alexander Herman, MD, PhD, an assistant professor of psychiatry at the University of Minnesota Medical School, attending psychiatrist with M Health Fairview and co-senior author.

The research team is working on the next iteration of the platform, which will allow them to decode brain signals and apply strategies for integrating them into medical devices and new treatments.

Funding was provided by the National Institute of Drug Addiction [5K23DA050909] and the Brain & Behavior Research Foundation. This research was also supported by the University of Minnesota's MnDRIVE (Minnesota's Discovery, Research and Innovation Economy) initiative.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327182536.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Could AI play a role in locating damage to the brain after stroke? | ScienceDaily
Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study, which looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4), is published in the March 27, 2024, online issue of Neurology(r) Clinical Practice, an official journal of the American Academy of Neurology.


						
A stroke can cause long-term disability or even death. Knowing where a stroke has occurred in the brain helps predict long-term effects such as problems with speech and language or a person's ability to move part of their body. It can also help determine the best treatment and a person's overall prognosis.

Damage to the brain tissue from a stroke is called a lesion. A neurologic exam can help locate lesions, when paired with a review of a person's health history. The exam involves symptom evaluation and thinking and memory tests. People with stroke often have brain scans to locate lesions.

"Not everyone with stroke has access to brain scans or neurologists, so we wanted to determine whether GPT-4 could accurately locate brain lesions after stroke based on a person's health history and a neurologic exam," said study author Jung-Hyun Lee, MD, of State University of New York (SUNY) Downstate Health Sciences University in Brooklyn and a member of the American Academy of Neurology.

The study used 46 published cases of people who had stroke. Researchers gathered text from participants' health histories and neurologic exams. The raw text was fed into GPT-4. Researchers asked it to answer three questions: whether a participant had one or more lesions; on which side of the brain lesions were located; and in which region of the brain the lesions were found. They repeated these questions for each participant three times. Results from GPT-4 were then compared to brain scans for each participant.

Researchers found that GPT-4 processed the text from the health histories and neurologic exams to locate lesions in many participants' brains, identifying which side of the brain the lesion was on, as well as the specific brain region, with the exception of lesions in the cerebellum and spinal cord.

For the majority of people, GPT-4 was able to identify on which side of the brain lesions were found with a sensitivity of 74% and a specificity of 87%. Sensitivity is the percentage of actual positives that are correctly identified as positive. Specificity is the percentage of negatives that are correctly identified. It also identified the brain region with a sensitivity of 85% and a specificity of 94%.




When looking at how often the three tests had the same result for each participant, GPT-4 was consistent for 76% of participants regarding the number of brain lesions. It was consistent for 83% of participants for the side of the brain, and for 87% of participants regarding the brain regions.

However, when combining its responses to all three questions across all three times, GPT-4 provided accurate answers for 41% of participants.

"While not yet ready for use in the clinic, large language models such as generative pre-trained transformers have the potential not only to assist in locating lesions after stroke, they may also reduce health care disparities because they can function across different languages," said Lee. "The potential for use is encouraging, especially due to the great need for improved health care in underserved areas across multiple countries where access to neurologic care is limited."

A limitation of the study is that the accuracy of GPT-4 depends on the quality of the information it is provided. While researchers had detailed health histories and neurologic exam information for each participant, such information is not always available for everyone who has a stroke.
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New tool provides researchers with improved understanding of stem cell aging in the brain | ScienceDaily
Researchers can use the light naturally thrown off by biological specimens to better study the different states of stem cells in the nervous system, thanks to a tool developed at the University of Wisconsin-Madison, brightening their chances for studying the way stem cells age.


						
The UW-Madison team combined autofluorescence -- that natural light emission -- and sequencing genetic material in single cells to study the behavior of neural stem cells. Autofluorescence is often considered a hindrance, as it can obscure the glowing labels researchers use to track specific signals within a cell. In their new technique, however, the researchers found the signatures of autofluorescence can be used to study stem cells' dormant state, known as quiescence.

They published their findings recently in the journal Cell Stem Cell.

"The quiescent state is very important, because the exit from quiescence is the rate-limiting step in making newborn neurons in the adult brain. Aging and neurological diseases limit this exit from quiescence, so we have a great need to study adult neural stem cells in their different cell states," says Darcie Moore, the senior author on the study, a professor of neuroscience and member of UW-Madison's Stem Cell and Regenerative Medicine Center. "Our goal was to create a new tool that could identify if an adult neural stem cell was quiescent and its different substates (dormant or resting quiescence), or if the cell is activated, entering into the cell cycle."

Moore partnered with Melissa Skala, a UW-Madison biomedical engineering professor, Morgridge Institute for Research investigator and member of the Stem Cell and Regenerative Medicine Center whose lab has been developing fluorescence lifetime imaging to study the autofluorescent signatures associated with single cells.

When cells shift from active to quiescent states, the presence and abundance of certain proteins important to metabolism change. These molecules alter the way light is absorbed and emitted back out of the cell. By focusing on light emitted by parts of the cell that change in key ways with quiescence, the researchers identified the light "signature" that matches a target cell state.

"These natural signals within the cell can reliably identify cell function and identity," Skala says. "It's like nature is trying to tell us all the secrets of life."

By sequencing RNA -- a kind of working copy of DNA used to produce the proteins that make things happen in cells -- in the mouse neural stem cells they studied, the researchers confirmed matches between cell state and light signatures.




By identifying and decoding these autofluorescence signatures, Moore and Skala have developed a tool that can aid in studying adult neurological diseases and aging, but potentially also expand beyond neuroscience. They've already begun working with Colin Crist, a professor of human genetics at McGill University, to investigate the unique autofluorescent signatures present in muscle stem cells.

"Now that we've discovered that this research created not only a tool but gave us unique insight to cellular processes that are different between quiescent and activated neural stem cells, I feel even more strongly that identifying a cell based on how they act versus how they express one protein will shift studies from studying static systems to dynamic systems," says Moore. "That we can study these cells as they change throughout time without destroying them -- while also seeing how these functional measures change -- is very exciting."

This research was supported in part by grants from the National Institutes of Health (P30 CA014520, 1S10RR025483-01, T32GM008688 and 1DP2OD025783) as well as the Vallee Foundation, Morgridge Institute for Research and Retina Research Foundation.
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Artificial reef designed by MIT engineers could protect marine life, reduce storm damage | ScienceDaily
The beautiful, gnarled, nooked-and-crannied reefs that surround tropical islands serve as a marine refuge and natural buffer against stormy seas. But as the effects of climate change bleach and break down coral reefs around the world, and extreme weather events become more common, coastal communities are left increasingly vulnerable to frequent flooding and erosion.


						
An MIT team is now hoping to fortify coastlines with "architected" reefs -- sustainable, offshore structures engineered to mimic the wave-buffering effects of natural reefs while also providing pockets for fish and other marine life.

The team's reef design centers on a cylindrical structure surrounded by four rudder-like slats. The engineers found that when this structure stands up against a wave, it efficiently breaks the wave into turbulent jets that ultimately dissipate most of the wave's total energy. The team has calculated that the new design could reduce as much wave energy as existing artificial reefs, using 10 times less material.

The researchers plan to fabricate each cylindrical structure from sustainable cement, which they would mold in a pattern of "voxels" that could be automatically assembled, and would provide pockets for fish to explore and other marine life to settle in. The cylinders could be connected to form a long, semipermeable wall, which the engineers could erect along a coastline, about half a mile from shore. Based on the team's initial experiments with lab-scale prototypes, the architected reef could reduce the energy of incoming waves by more than 95 percent.

"This would be like a long wave-breaker," says Michael Triantafyllou, the Henry L. and Grace Doherty Professor in Ocean Science and Engineering in the Department of Mechanical Engineering. "If waves are 6 meters high coming toward this reef structure, they would be ultimately less than a meter high on the other side. So, this kills the impact of the waves, which could prevent erosion and flooding."

Details of the architected reef design are reported today in a study appearing in the open-access journal PNAS Nexus. Triantafyllou's MIT co-authors are Edvard Ronglan SM '23; graduate students Alfonso Parra Rubio, Jose del Auila Ferrandis, and Erik Strand; research scientists Patricia Maria Stathatou and Carolina Bastidas; and Professor Neil Gershenfeld, director of the Center for Bits and Atoms; along with Alexis Oliveira Da Silva at the Polytechnic Institute of Paris, Dixia Fan of Westlake University, and Jeffrey Gair Jr. of Scinetics, Inc.

Leveraging turbulence

Some regions have already erected artificial reefs to protect their coastlines from encroaching storms. These structures are typically sunken ships, retired oil and gas platforms, and even assembled configurations of concrete, metal, tires, and stones. However, there's variability in the types of artificial reefs that are currently in place, and no standard for engineering such structures. What's more, the designs that are deployed tend to have a low wave dissipation per unit volume of material used. That is, it takes a huge amount of material to break enough wave energy to adequately protect coastal communities.




The MIT team instead looked for ways to engineer an artificial reef that would efficiently dissipate wave energy with less material, while also providing a refuge for fish living along any vulnerable coast.

"Remember, natural coral reefs are only found in tropical waters," says Triantafyllou, who is director of the MIT Sea Grant. "We cannot have these reefs, for instance, in Massachusetts. But architected reefs don't depend on temperature, so they can be placed in any water, to protect more coastal areas."

The new effort is the result of a collaboration between researchers in MIT Sea Grant, who developed the reef structure's hydrodynamic design, and researchers at the Center for Bits and Atoms (CBA), who worked to make the structure modular and easy to fabricate on location. The team's architected reef design grew out of two seemingly unrelated problems. CBA researchers were developing ultralight cellular structures for the aerospace industry, while Sea Grant researchers were assessing the performance of blowout preventers in offshore oil structures -- cylindrical valves that are used to seal off oil and gas wells and prevent them from leaking.

The team's tests showed that the structure's cylindrical arrangement generated a high amount of drag. In other words, the structure appeared to be especially efficient in dissipating high-force flows of oil and gas. They wondered: Could the same arrangement dissipate another type of flow, in ocean waves?

The researchers began to play with the general structure in simulations of water flow, tweaking its dimensions and adding certain elements to see whether and how waves changed as they crashed against each simulated design. This iterative process ultimately landed on an optimized geometry: a vertical cylinder flanked by four long slats, each attached to the cylinder in a way that leaves space for water to flow through the resulting structure. They found this setup essentially breaks up any incoming wave energy, causing parts of the wave-induced flow to spiral to the sides rather than crashing ahead.

"We're leveraging this turbulence and these powerful jets to ultimately dissipate wave energy," Ferrandis says.




Standing up to storms

Once the researchers identified an optimal wave-dissipating structure, they fabricated a laboratory-scale version of an architected reef made from a series of the cylindrical structures, which they 3D-printed from plastic. Each test cylinder measured about 1 foot wide and 4 feet tall. They assembled a number of cylinders, each spaced about a foot apart, to form a fence-like structure, which they then lowered into a wave tank at MIT. They then generated waves of various heights and measured them before and after passing through the architected reef.

"We saw the waves reduce substantially, as the reef destroyed their energy," Triantafyllou says.

The team has also looked into making the structures more porous, and friendly to fish. They found that, rather than making each structure from a solid slab of plastic, they could use a more affordable and sustainable type of cement.

"We've worked with biologists to test the cement we intend to use, and it's benign to fish, and ready to go," he adds.

They identified an ideal pattern of "voxels," or microstructures, that cement could be molded into, in order to fabricate the reefs while creating pockets in which fish could live. This voxel geometry resembles individual egg cartons, stacked end to end, and appears to not affect the structure's overall wave-dissipating power.

"These voxels still maintain a big drag while allowing fish to move inside," Ferrandis says.

The team is currently fabricating cement voxel structures and assembling them into a lab-scale architected reef, which they will test under various wave conditions. They envision that the voxel design could be modular, and scalable to any desired size, and easy to transport and install in various offshore locations. "Now we're simulating actual sea patterns, and testing how these models will perform when we eventually have to deploy them," says Anjali Sinha, a graduate student at MIT who recently joined the group.

Going forward, the team hopes to work with beach towns in Massachusetts to test the structures on a pilot scale.

"These test structures would not be small," Triantafyllou emphasizes. "They would be about a mile long, and about 5 meters tall, and would cost something like 6 million dollars per mile. So it's not cheap. But it could prevent billions of dollars in storm damage. And with climate change, protecting the coasts will become a big issue."

This work was funded, in part, by the U.S. Defense Advanced Research Projects Agency.
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Understanding cattle grazing personalities may foster sustainable rangelands | ScienceDaily
Not all cattle are the same when it comes to grazing. Some like to wander while others prefer to stay close to water and rest areas.


						
Recognizing those personality differences could help ranchers select herds that best meet grazing needs on rangelands, leading to better animal health and environmental conditions, according to a new paper from the University of California, Davis, published in the journal Applied Animal Behaviour Science.

"Cattle can actually be beneficial for the rangelands," said lead author Maggie Creamer, who recently earned her Ph.D. in animal behavior at UC Davis. "Vegetation in rangelands actually need these kinds of disturbances like grazing."

Ranchers can add elements to the rangeland such as water, mineral supplements and fencing to influence where cattle graze, but little research has been done on how those efforts affect individual cows. Considering personalities could save money.

"If you're spending all this money to add a management tool in order to change the distribution of your animals, that's a huge cost to ranchers," said Creamer. "Thinking about other tools, or selecting certain animals with these grazing traits, might be a better way to optimize the distribution on rangeland rather than spending a bunch of money for something that may ultimately not pan out for all your animals."

Effects of grazing

Livestock graze on an estimated 56 million acres in California, and healthy rangelands host native vegetation and animals, foster nutrient cycling and support carbon sequestration.




Uneven grazing can degrade water quality, soil health and habitats. Optimizing grazing -- including the even spread of cow pies -- can improve the ecosystem while also reducing fuel loads for wildfires.

To better understand individual grazing patterns, researchers went to the UC Sierra Foothill Research and Extension Center in Browns Valley and tracked 50 pregnant Angus and Hereford beef cows fitted with GPS collars.

The research

The cattle, which were tracked from June to August over two years, had access to 625 acres of grasslands and treed areas ranging in elevation from 600 to 2,028 feet. In the second year, a new watering site was added at a higher elevation.

Across the two years, the cows showed consistent and distinct grazing patterns even when water sources changed. Age and stage of pregnancy did not affect patterns, though cattle tended to clump near water and rest sites on hotter days.

The cows that ventured into higher elevations and farther from watering sites had more variability in their grazing patterns than those that stayed at lower elevations near water. That suggests it may be harder for non-wanderers to adjust to some landscapes.




"Thinking about the topography of your rangeland and your herd of cows can benefit both the animals and the sustainability of the land," said Creamer, who next month begins work as a postdoctoral scholar in North Carolina.

Gauging personalities

Keying in on personality type may sound difficult, but the researchers also found some clues as to how to pinpoint the wanderers and homebodies. Unlike cattle at feedlots, the breeding cow population, especially on rangelands in California and other western states, live largely "wild" lives and are rarely handled, save for vaccinations and weaning.

Research due to be published later this year found that paying attention to individual cow reactions during those events can help determine personalities. The cows that appeared more passive during those handling interactions tended to be nomadic.

"We found that you can maybe predict those hill climbers if you kind of look at how they act when the veterinarian or rancher handle them," said senior author Kristina Horback, an associate professor in the Department of Animal Science at UC Davis.

Informing practices

For ranchers, the findings could be invaluable, said Dan Macon, a livestock and natural resources Cooperative Extension advisor in Placer and Nevada counties for UC Agriculture and Natural Resources.

"Any time we can improve our understanding of cattle behavior, particularly at the individual level, it can improve how we handle livestock and manage the landscape," he said.

Macon said that during the recent drought, it was hard to get cattle into higher country, but if ranchers could have selected the nomads, it may have saved money in terms of ranch labor and other efforts.

"If you ask a rancher who has been attentive to their cattle over many years, they know the personalities," Macon said.

For Creamer and Horback, the research opens new doors into understanding herd behavior and dynamics, one that could be a cheaper alternative to high-tech solutions.

"Animal science tends to look overlook the mind of the animal when searching for solutions to challenges," Horback said. "It's always been a direct line to genetics for immunity or nutrition, but nothing about the mind of the animal. And that's such a loss. There's so much we can learn from behavior in the end."

The Russell L. Rustici Rangeland and Cattle Research Endowment supported the research.
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A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis | ScienceDaily

Deaths can occur even with treatment, sometimes because of drug resistance in TB bacteria and other times due to poor delivery of TB-targeting drugs to patients' infected lung tissue.

To address the latter challenge, a team led by researchers at Massachusetts General Hospital (MGH) in collaboration with scientists at the National Institute of Allergy and Infectious Disease (NIAID), the University of Notre Dame, and Hackensack Meridian School of Medicine, repurposed approved drugs that they originally tested to normalize blood vessels surrounding tumors to improve drug delivery to cancer cells.

In this latest research, which is published in the Proceedings of the National Academy of Sciences, these drugs effectively enhanced the delivery of anti-microbial medications to kill TB bacteria.

"Our team is interested in understanding and overcoming physiological barriers to drug delivery in pulmonary granulomas, the site of TB disease that manifests as abnormal lung masses. Even the most potent anti-bacterial drug will fail if it cannot reach the bacteria fueling the disease," says senior and co-corresponding author Rakesh K. Jain, PhD, director of the E.L. Steele Laboratories for Tumor Biology at MGH and the Andrew Werk Cook Professor of Radiation Oncology at Harvard Medical School.

Poorly functioning blood vessels and an overabundant extracellular matrix (a network of proteins and other molecules that surround and give structure to tissues in the body) both reduce blood flow and drug delivery throughout granulomas, where TB bacteria reside and hide, evading attack by the body's immune system.

"Our multidisciplinary team of engineers, cancer biologists, immunologists, microbiologists, and data analysts used a lab model of TB, which recapitulates human disease, to test what are called host-directed therapies -- or HDTs -- that 'normalize' the abnormal blood vessels and extracellular matrix in granulomas," says Jain. These HDTs are bevacizumab, which acts on blood vessels, and losartan, which targets the extracellular matrix.




Jain and his colleagues previously showed that bevacizumab could improve drug delivery to TB granulomas. Now they've shown that combining bevacizumab and losartan in rabbits with TB enhances TB drug delivery, promotes anti-bacterial host responses, and improves health outcomes. Surprisingly, the HDTs themselves (without anti-bacterial agents) were able to reduce bacteria numbers in TB granulomas.

To identify the mechanisms involved, the investigators analyzed granuloma and lung tissues and found that the HDTs promoted inflammatory responses against TB bacteria, both in immune and non-immune cells in the lung.

"Because bevacizumab and losartan are approved, safe, and affordable, our preclinical study lays the groundwork for direct clinical translation to test these HDTs in patients with TB for the drugs' ability to improve outcomes of anti-bacterial therapy," says Jain.

Study co-authors include Meenal Datta (co-corresponding author), Laura E. Via (co-first author), Ve?ronique Dartois (co-first author), Danielle M. Weiner, Matthew Zimmerman, Firat Kaya, April M. Walker, Joel D. Fleegle, Isaac D. Raplee, Colton McNinch, Maksym Zarodniuk1, Walid S. Kamoun, Changli Yue, Ashwin S. Kumar, Sonu Subudhi, Lei Xu, and Clifton E. Barry III (co-corresponding author).

This work was supported in part by grants from the Bill & Melinda Gates Foundation and the National Institutes of Health.
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Astronomers conduct first search for forming planets with new space telescope | ScienceDaily
Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly.


						
Although several dozens of such disks have been imaged, just two planets have been caught in the act of forming so far. Now, astronomers are aiming the powerful instruments aboard the James Webb Space Telescope at protoplanetary disks to try to find early clues about the ways in which planets form, and how these planets influence their natal disk.

A trio of studies led by the University of Michigan, University of Arizona and University of Victoria combined JWST's images with prior observations made by the Hubble Space Telescope and the Atacama Large Millimeter Array, or ALMA, in Chile. Based on the ancillary observations, the team used JWST to observe protoplanetary disks HL Tau, SAO 206462 and MWC 758 in hopes of detecting any planets that might be forming.

In the papers, published in The Astronomical Journal, the researchers pieced together previously unseen interactions between the planet-forming disk and the envelope of gas and dust surrounding the young stars at the center of the protoplanetary disks.

To catch a planet

The U-M study, led by U-M astronomer Gabriele Cugno, aimed JWST at a disk surrounding a protostar called SAO 206462. There, the researchers potentially found a planet candidate in the act of forming in a protoplanetary disk -- but it wasn't the planet they expected to find.

"Several simulations suggest that the planet should be within the disk, massive, large, hot, and bright. But we didn't find it. This means that either the planet is much colder than we think, or it may be obscured by some material that prevents us from seeing it," said Cugno, also a co-author on all three papers. "What we have found is a different planet candidate, but we cannot tell with 100% certainty whether it's a planet or a faint background star or galaxy contaminating our image. Future observations will help us understand exactly what we are looking at."

Astronomers have observed the disk in the past, notably with the Hubble Space Telescope, the Subaru Telescope, the Very Large Telescope and ALMA. These observations show a disk composed of two strong spirals, which are likely launched by a forming planet. The planet the U-M team expected to find is a type called a gas giant, planets composed mainly of hydrogen and helium, similar to Jupiter in our own solar system.




"The problem is, whatever we're trying to detect is hundreds of thousands, if not millions of times fainter than the star," Cugno said. "That's like trying to detect a little light bulb next to a lighthouse."

To peer more closely into the disk, the team used an instrument on JWST called NIRCam. NIRCam detects infrared light, and the astronomers used the instrument employing a technique called angular differential imaging. This technique can be used to detect both the thermal radiation of the planet, as the team has done to detect the planet candidate, and specific emission lines associated with material falling onto the planet and hitting its surface with high velocity.

"When material falls onto the planet, it shocks at the surface and gives off an emission line at specific wavelengths," Cugno said. "We use a set of narrow-band filters to try to detect this accretion. This has been done before from the ground at optical wavelengths, but this is the first time it's been done in the infrared with JWST."

Imaging the 'raw material' of planets

The University of Victoria paper, led by astronomy student Camryn Mullin, describes images of the disk surrounding the young star HL Tau.

"HL Tau is the youngest system in our survey, and still surrounded by a dense inflow of dust and gas falling onto the disk," said Mullin, a co-author of all three studies. "We were amazed by the level of detail with which we could see this surrounding material with JWST, but unfortunately, it obscures any signals from potential planets. "

HL Tau's disk is known for having several solar-system scale rings and gaps which could harbor planets.




"While there is a ton of evidence for ongoing planet formation, HL Tau is too young with too much intervening dust to see the planets directly," said Jarron Leisenring, the principal investigator of the observing campaign searching for forming planets and astronomer at the University of Arizona Steward Observatory. "We have already begun looking at other young systems with known planets to help form a more complete picture."

However, to the team's surprise, JWST revealed unexpected details of a different feature: the proto-stellar envelope, which is essentially a dense inflow of dust and gas surrounding the young star that is just beginning to coalesce, according to Leisenring. Under the influence of gravity, material from the interstellar medium falls inward onto the star and the disk, where it serves as the raw material for planets and their precursors.

The UArizona study, led by Kevin Wagner, a NASA Hubble/Sagan Fellow at UArizona Steward Observatory, examined the protoplanetary disk of MWC 758. Similar to SAO 206462, previous observations by the UArizona-led team revealed spiral arms forming in the disk, hinting at a massive planet orbiting its host star.

While no new planets were detected in the disk during the most recent observations, the sensitivity is groundbreaking, the researchers say, as it allows them to place the most stringent constraints yet on the suspected planets. For one, the results rule out the existence of additional planets in the outer regions of the MWC 758, consistent with a single giant planet driving the spiral arms.

"The lack of planets detected in all three systems tells us that the planets causing the gaps and spiral arms either are too close to their host stars or too faint to be seen with JWST," said Wagner, a co-author of all three studies. "If the latter is true, it tells us that they're of relatively low mass, low temperature, enshrouded in dust, or some combination of the three -- as is likely the case in MWC 758."

The search for forming planets continues

Catching planets in the act of forming is important because astronomers can glean information not only about the formation process, but how chemical elements get distributed throughout a planetary system.

"Only about 15 percent of stars like the sun have planets like Jupiter. It's really important to understand how they form and evolve, and to refine our theories," said U-M Michael Meyer, U-M astronomer and coauthor of all three studies. "Some astronomers think that these gas giant planets regulate the delivery of water to rocky planets forming in the inner parts of the disks."

Knowing how these disks are shaped by gas giants will help astronomers ultimately understand the properties and evolution of protoplanetary disks that later give rise to rocky, Earth-like planets, said Meyer.

"Basically in every disk we have observed with high enough resolution and sensitivity, we have seen large structures like gaps, rings and, in the case of SAO 206462, spirals," Cugno said. "Most if not all of these structures can be explained by forming planets interacting with the disk material, but other explanations that do not involve the presence of giant planets exist.

If we manage to finally see these planets, we can connect some of the structures with forming companions and relate formation processes to the properties of other systems at much later stages. We can finally connect the dots and understand how planets and planetary systems evolve as a whole."
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Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior | ScienceDaily
At the heart of a far-off galaxy, a supermassive black hole appears to have had a case of the hiccups.


						
Astronomers from MIT, Italy, the Czech Republic, and elsewhere have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

The periodic hiccups are a new behavior that has not been observed in black holes until now. The scientists believe the most likely explanation for the outbursts stems from a second, smaller black hole that is zinging around the central, supermassive black hole and slinging material out from the larger black hole's disk of gas every 8.5 days.

The team's findings, which will be published in the journal Science Advances, challenge the conventional picture of black hole accretion disks, which scientists had assumed are relatively uniform disks of gas that rotate around a central black hole. The new results suggest that accretion disks may be more varied in their contents, possibly containing other black holes, and even entire stars.

"We thought we knew a lot about black holes, but this is telling us there are a lot more things they can do," says study author Dheeraj "DJ" Pasham, a research scientist in MIT's Kavli Institute for Astrophysics and Space Research. "We think there will be many more systems like this, and we just need to take more data to find them."

The study's MIT co-authors include postdoc Peter Kosec, graduate student Megan Masterson, Associate Professor Erin Kara, Principal Research Scientist Ronald Remillard, and former research scientist Michael Fausnaugh, along with collaborators from multiple institutions, including the Tor Vergata University of Rome, the Astronomical Institute of the Czech Academy of Sciences, and Masaryk University in the Czech Republic.

"Use it or lose it"

The team's findings grew out of an automated detection by ASAS-SN (the All Sky Automated Survey for SuperNovae), a network of 20 robotic telescopes situated in various locations across the northern and southern hemispheres. The telescopes automatically survey the entire sky once a day for signs of supernovae and other transient phenomena.




In December of 2020, the survey spotted a burst of light in a galaxy about 800 million light years away. That particular part of the sky had been relatively quiet and dark until the telescopes' detection, when the galaxy suddenly brightened by a factor of 1,000. Pasham, who happened to see the detection reported in a community alert, chose to focus in on the flare with NASA's NICER (the Neutron star Interior Composition Explorer), an X-ray telescope aboard the International Space Station that continuously monitors the sky for X-ray bursts that could signal activity from neutron stars, black holes, and other extreme gravitational phenomena. The timing was fortuitous, as it was getting toward the end of Pasham's year-long period during which he had permission to point, or "trigger" the telescope.

"It was either use it or lose it, and it turned out to be my luckiest break," he says.

He trained NICER to observe the far-off galaxy as it continued to flare. The outburst lasted for about four months before petering out. During that time, NICER took measurements of the galaxy's X-ray emissions on a daily, high-cadence basis. When Pasham looked closely at the data, he noticed a curious pattern within the four-month flare: subtle dips, in a very narrow band of X-rays, that seemed to reappear every 8.5 days.

It seemed that the galaxy's burst of energy periodically dipped every 8.5 days. The signal is similar to what astronomers see when an orbiting planet crosses in front of its host star, briefly blocking the star's light. But no star would be able to block a flare from an entire galaxy.

"I was scratching my head as to what this means because this pattern doesn't fit anything that we know about these systems," Pasham recalls.

Punch it

As he was looking for an explanation to the periodic dips, Pasham came across a recent paper by theoretical physicists in the Czech Republic. The theorists had separately worked out that it would be possible, in theory, for a galaxy's central supermassive black hole to host a second, much smaller black hole. That smaller black hole could orbit at an angle from its larger companion's accretion disk.




As the theorists proposed, the secondary would periodically punch through the primary black hole's disk as it orbits. In the process, it would release a plume of gas , like a bee flying through a cloud of pollen. Powerful magnetic fields, to the north and south of the black hole, could then slingshot the plume up and out of the disk. Each time the smaller black hole punches through the disk, it would eject another plume, in a regular, periodic pattern. If that plume happened to point in the direction of an observing telescope, it might observe the plume as a dip in the galaxy's overall energy, briefly blocking the disk's light every so often.

"I was super excited by this theory, and I immediately emailed them to say, 'I think we're observing exactly what your theory predicted,'" Pasham says.

He and the Czech scientists teamed up to test the idea, with simulations that incorporated NICER's observations of the original outburst, and the regular, 8.5-day dips. What they found supports the theory: The observed outburst was likely a signal of a second, smaller black hole, orbiting a central supermassive black hole, and periodically puncturing its disk.

Specifically, the team found that the galaxy was relatively quiet prior to the December 2020 detection. The team estimates the galaxy's central supermassive black hole is as massive as 50 million suns. Prior to the outburst, the black hole may have had a faint, diffuse accretion disk rotating around it, as a second, smaller black hole, measuring 100 to 10,000 solar masses, was orbiting in relative obscurity.

The researchers suspect that, in December 2020, a third object -- likely a nearby star -- swung too close to the system and was shredded to pieces by the supermassive black hole's immense gravity -- an event that astronomers know as a "tidal disruption event." The sudden influx of stellar material momentarily brightened the black hole's accretion disk as the star's debris swirled into the black hole. Over four months, the black hole feasted on the stellar debris as the second black hole continued orbiting. As it punched through the disk, it ejected a much larger plume than it normally would, which happened to eject straight out toward NICER's scope.

The team carried out numerous simulations to test the periodic dips. The most likely explanation, they conclude, is a new kind of David-and-Goliath system -- a tiny, intermediate-mass black hole, zipping around a supermassive black hole.

"This is a different beast," Pasham says. "It doesn't fit anything that we know about these systems. We're seeing evidence of objects going in and through the disk, at different angles, which challenges the traditional picture of a simple gaseous disk around black holes. We think there is a huge population of these systems out there."

"This is a brilliant example of how to use the debris from a disrupted star to illuminate the interior of a galactic nucleus which would otherwise remain dark. It is akin to using fluorescent dye to find a leak in a pipe," says Richard Saxton, an X-ray astronomer from the European Space Astronomy Centre (ESAC) in Madrid, Spain, who was not involved in the study. "This result shows that very close super-massive black hole binaries could be common in galactic nuclei, which is a very exciting development for future gravitational wave detectors."

This research was supported in part NASA.
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Combining epigenetic cancer medications may have benefit for colorectal cancers and other tumor types | ScienceDaily
A pair of medications that make malignant cells act as if they have a virus could hold new promise for treating colorectal cancers and other solid tumors, reports a study published today in Science Advances.


						
The preclinical research, led by Van Andel Institute scientists, determined how low doses of a DNMT inhibitor sensitize cancer cells to an EZH2 inhibitor, resulting in a one-two punch that combats cancer cells better than either drug alone.

The findings are the foundation for an upcoming Phase I clinical trial to evaluate this combination in people with colorectal cancer or other solid tumors.

"DNMT inhibitors are approved to treat blood cancer while EZH2 inhibitors are approved to treat blood cancer and a rare type of sarcoma. To date, they've had limited individual success in solid tumors like colorectal cancer," said Van Andel Institute Professor Scott Rothbart, Ph.D., the study's corresponding author. "Our findings highlight the promise of combination cancer therapies by revealing how these two medications interact, with the DNMT inhibitor priming cancer cells in a way that makes the EZH2 inhibitor more effective."

DNMT and EZH2 inhibitors work by controlling the epigenetic processes that regulate gene expression. In cancer, epigenetic errors enable malignant cells to survive and proliferate -- and offer critical targets for treatment.

Previous studies show that DNMT inhibitors cause cancer cells to behave as if infected by a virus, which makes the cells more susceptible to attack by one's own immune system. In their new study, Rothbart and colleagues demonstrated that combining DNMT and EZH2 inhibitors activate this viral mimicry process more effectively than either drug on its own. The upcoming trial will be the first time these two medication types will be combined to enhance the activities of these inhibitors in solid tumors.

Colorectal cancers are the second leading cause of cancer death globally, according to the World Health Organization. More than 1.9 million cases were diagnosed in 2020, with incidence expected to rise to 3.2 million cases by 2040. Although screening and early detection have driven down colorectal cancer rates among older people in the U.S., rates are rising in younger people.




"Although it is not clear why colorectal cancer cases are rising among young people, it is clear that we need more effective treatment strategies," Rothbart said. "Combining medications may be a powerful way to simultaneously target multiple drivers of cancer. In addition to revealing how DNMT and EZH2 inhibitors work together, our findings suggest that epigenetic drugs also may sensitize tumors to immunotherapy, which offers another important opportunity to enhance cancer treatment."

The upcoming trial will be supported by the Van Andel Institute-Stand Up To Cancer(c) (SU2C) Epigenetics Dream Team, a multi-institutional collaboration that evaluates promising potential combination therapies for cancer, and a National Cancer Institute Specialized Programs of Research Excellence (SPORE) award, a prestigious five-year grant that supports a team of scientists seeking to improve epigenetic cancer therapies.

Today's findings were made possible in part by a SPORE-supported subproject on DNMT and EZH2 inhibitors led by Rothbart and Stephen Baylin, M.D., of Johns Hopkins University and Van Andel Institute. Baylin also serves as co-leader of the VAI-SU2C Epigenetics Dream Team and is an author on today's study.

The study's first authors are Alison A. Chomiak, Ph.D., and Rochelle L. Tiedemann, Ph.D., of VAI. Other authors include Yanqing Liu, M.D., Ashley K. Wiseman, M.S., and Kate E. Thurlow, M.Sc., of VAI; Xiangqian Kong, Ph.D., Ying Cui, Ph.D., and Michael E. Topper, Ph.D., of Johns Hopkins University; and Evan M. Cornett, Ph.D., of Indiana University.
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Land under water: What causes extreme flooding? | ScienceDaily
If rivers overflow their banks, the consequences can be devastating -- just like the catastrophic floods in North Rhine-Westphalia and Rhineland-Palatinate of 2021 showed. In order to limit flood damage and optimise flood risk assessment, we need to better understand what factors can lead to extreme forms of flooding and to what extent. Using methods of explainable machine learning, researchers at the Helmholtz Centre for Environmental Research (UFZ) have shown that floods are more extreme when several factors are involved in their development. The research was published in Science Advances.


						
There are several factors that play an important role in the development of floods: air temperature, soil moisture, snow depth, and the daily precipitation in the days before a flood. In order to better understand how individual factors contribute to flooding, UFZ researchers examined more than 3,500 river basins worldwide and analysed flood events between 1981 and 2020 for each of them. The result: precipitation was the sole determining factor in only around 25% of the almost 125,000 flood events. Soil moisture was the decisive factor in just over 10% of cases, and snow melt and air temperature were the sole factors in only around 3% of cases. In contrast, 51.6% of cases were caused by at least two factors. At around 23%, the combination of precipitation and soil moisture occurs most frequently.

However, when analysing the data, the UFZ researchers discovered that three -- or even all four -- factors can be jointly responsible for a flood event. For example, temperature, soil moisture, and snow depth were decisive factors in around 5,000 floods whilst all four factors were decisive in around 1,000 flood events. And not only that: "We also showed that flood events become more extreme when more factors are involved," says Dr Jakob Zscheischler, Head of the UFZ Department "Compound Environmental Risks" and senior author of the article. In the case of one-year floods, 51.6% can be attributed to several factors; in the case of five- and ten-year floods, 70.1% and 71.3% respectively can be attributed to several factors. The more extreme a flood is, the more driving factors there are and the more likely they are to interact in the event generation. This correlation often also applies to individual river basins and is referred to as flood complexity.

According to the researchers, river basins in the northern regions of Europe and America as well as in the Alpine region have a low flood complexity. This is because snow melt is the dominant factor for most floods regardless of the flood magnitude. The same applies to the Amazon basin, where the high soil moisture resulting from the rainy season is often a major cause of floods of varying severity. In Germany, the Havel and the Zusam, a tributary of the Danube in Bavaria, are river basins that have a low flood complexity. Regions with river basins that have a high flood complexity primarily include eastern Brazil, the Andes, eastern Australia, the Rocky Mountains up to the US west coast, and the western and central European plains. In Germany, this includes the Moselle and the upper reaches of the Elbe. "River basins in these regions generally have several flooding mechanisms," says Jakob Zscheischler. For example, river basins in the European plains can be affected by flooding caused by the combination of heavy precipitation, active snow melt, and high soil moisture.

However, the complexity of flood processes in a river basin also depends on the climate and land surface conditions in the respective river basin. This is because every river basin has its own special features. Among other things, the researchers looked at the climate moisture index, the soil texture, the forest cover, the size of the river basin, and the river gradient. "In drier regions, the mechanisms that lead to flooding tend to be more heterogeneous. For moderate floods, just a few days of heavy rainfall is usually enough. For extreme floods, it needs to rain longer on already moist soils," says lead author Dr Shijie Jiang, who now works at the Max Planck Institute for Biogeochemistry in Jena.

The scientists used explainable machine learning for the analysis. "First, we use the potential flood drivers air temperature, soil moisture, and snow depth as well as the weekly precipitation -- each day is considered as an individual driving factor -- to predict the run-off magnitude and thus the size of the flood," explains Zscheischler. The researchers then quantified which variables and combinations of variables contributed to the run-off of a particular flood and to which extent. This approach is referred to as explainable machine learning because it uncovers the predictive relationship between flood drivers and run-off during a flood in the trained model. "With this new methodology, we can quantify how many driving factors and combinations thereof are relevant for the occurrence and intensity of floods," adds Jiang.

The findings of the UFZ researchers are expected to help predict future flood events. "Our study will help us better estimate particularly extreme floods," says Zscheischler. Until now, very extreme floods have been estimated by extrapolating from less extreme floods. However, this is too imprecise because the individual contributing factors could change their influence for different flood magnitudes.
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Robot, can you say 'cheese'? | ScienceDaily
What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?


						
While we're getting accustomed to robots that are adept at verbal communication, thanks in part to advancements in large language models like ChatGPT, their nonverbal communication skills, especially facial expressions, have lagged far behind. Designing a robot that can not only make a wide range of facial expressions but also know when to use them has been a daunting task.

Tackling the challenge

The Creative Machines Lab at Columbia Engineering has been working on this challenge for more than five years. In a new study published today in Science Robotics, the group unveils Emo, a robot that anticipates facial expressions and executes them simultaneously with a human. It has even learned to predict a forthcoming smile about 840 milliseconds before the person smiles, and to co-express the smile simultaneously with the person.

The team, led by Hod Lipson, a leading researcher in the fields of artificial intelligence (AI) and robotics, faced two challenges: how to mechanically design an expressively versatile robotic face which involves complex hardware and actuation mechanisms, and knowing which expression to generate so that they appear natural, timely, and genuine. The team proposed training a robot to anticipate future facial expressions in humans and execute them simultaneously with a person. The timing of these expressions was critical -- delayed facial mimicry looks disingenuous, but facial co-expression feels more genuine since it requires correctly inferring the human's emotional state for timely execution.

How Emo connects with you

Emo is a human-like head with a face that is equipped with 26 actuators that enable a broad range of nuanced facial expressions. The head is covered with a soft silicone skin with a magnetic attachment system, allowing for easy customization and quick maintenance. For more lifelike interactions, the researchers integrated high-resolution cameras within the pupil of each eye, enabling Emo to make eye contact, crucial for nonverbal communication.




The team developed two AI models: one that predicts human facial expressions by analyzing subtle changes in the target face and another that generates motor commands using the corresponding facial expressions.

To train the robot how to make facial expressions, the researchers put Emo in front of the camera and let it do random movements. After a few hours, the robot learned the relationship between their facial expressions and the motor commands -- much the way humans practice facial expressions by looking in the mirror. This is what the team calls "self modeling" -- similar to our human ability to imagine what we look like when we make certain expressions.

Then the team ran videos of human facial expressions for Emo to observe them frame by frame. After training, which lasts a few hours, Emo could predict people's facial expressions by observing tiny changes in their faces as they begin to form an intent to smile.

"I think predicting human facial expressions accurately is a revolution in HRI. Traditionally, robots have not been designed to consider humans' expressions during interactions. Now, the robot can integrate human facial expressions as feedback," said the study's lead author Yuhang Hu, who is a PhD student at Columbia Engineering in Lipson's lab. "When a robot makes co-expressions with people in real-time, it not only improves the interaction quality but also helps in building trust between humans and robots. In the future, when interacting with a robot, it will observe and interpret your facial expressions, just like a real person."

What's next

The researchers are now working to integrate verbal communication, using a large language model like ChatGPT into Emo. As robots become more capable of behaving like humans, Lipson is well aware of the ethical considerations associated with this new technology.

"Although this capability heralds a plethora of positive applications, ranging from home assistants to educational aids, it is incumbent upon developers and users to exercise prudence and ethical considerations," says Lipson, James and Sally Scapa Professor of Innovation in the Department of Mechanical Engineering at Columbia Engineering, co-director of the Makerspace at Columbia, and a member of the Data Science Institute. "But it's also very exciting -- by advancing robots that can interpret and mimic human expressions accurately, we're moving closer to a future where robots can seamlessly integrate into our daily lives, offering companionship, assistance, and even empathy. Imagine a world where interacting with a robot feels as natural and comfortable as talking to a friend."
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Researchers turn back the clock on cancer cells to offer new treatment paradigm | ScienceDaily
St. Jude Children's Research Hospital scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Findings showed that with the missing tumor suppressor, deleting or degrading the quality control protein DCAF5 reversed the cancer cell state. These results suggest a new approach to curing cancer -- returning cancerous cells to an earlier, more normal state rather than killing cancer cells with toxic therapies -- may be possible. The results were published today in Nature.


						
"Rather than making a toxic event that kills rhabdoid cancer, we were able to reverse the cancer state by returning the cells toward normal," said senior author Charles W.M. Roberts, MD, PhD, Executive Vice President and St. Jude Comprehensive Cancer Center director. "This approach would be ideal, especially if this paradigm could also be applied to other cancers."

"We found a dependency which actually reverses the cancer state," said first author Sandi Radko-Juettner, PhD, a former St. Jude Graduate School of Biomedical Sciences student, now a Research Program Manager for the Hematological Malignancies Program at St. Jude. "Standard cancer therapies work by causing toxicities that also damage healthy cells in the body. Here, it appears that we're instead fixing the problem caused by the loss of a tumor suppressor in this rhabdoid cancer."

Drugging the un-targetable

In many cancers, there is no easily druggable target. Often, these cancers are caused by a missing tumor suppressor protein, so there is nothing to target directly as the protein is missing. Loss of tumor suppressors is much more common than a protein gaining the ability to drive cancer. Consequently, finding a way to intervene therapeutically in these tumors is a high priority. The researchers were looking for a way to treat an aggressive set of cancers caused by the loss of the tumor suppressor protein SMARCB1 when they found a new approach to treatment.

The St. Jude group found a little-studied protein, DCAF5, was essential to rhabdoid tumors missing SMARCB1. Initially, they identified DCAF5 as a target, using the Dependency Map (DepMap) portal, a database of cancer cell lines and the genes critical for their growth. DCAF5 was a top dependency in rhabdoid tumors. After the initial finding, the scientists genetically deleted or chemically degraded DCAF5. The cancer cells reverted to a non-cancerous state, persisting even in a long-term mouse model.

"We saw a spectacular response," Roberts said. "The tumors melted away."

Removing quality control to reverse cancer




Normally, SMARCB1 is an essential component of a larger chromatin-regulating complex of proteins called the SWI/SNF complex. Unexpectedly, the study found that in the absence of SMARCB1, DCAF5 recognizes SWI/SNF as abnormal and destroys the complex. When DCAF5 degrades them, the researchers showed that SWI/SNF re-forms and maintains its ability to open chromatin and regulate gene expression. While the SWI/SNF activity level in the absence of SMARCB1 was to a lesser extent than usual, it was nonetheless sufficient to reverse the cancer state fully.

"DCAF5 is doing a quality control check to ensure that these chromatin machines are built well," Roberts said. "Think of a factory assembling a machine. You need quality checks to examine and find faults and to pull it off the line if it doesn't meet standards. DCAF5 is doing such quality assessments for the assembly of SWI/SNF complexes, telling the cell to get rid of complexes if SMARCB1 is absent."

"The mutation of SMARCB1 shuts off gene programs that prevent cancer. By targeting DCAF5, we're turning those gene programs back on," Radko-Juettner said. "We're reversing the cancer state because the cell is becoming more 'normal' when these complexes aren't targeted for destruction by DCAF5."

Future therapeutic opportunities to reverse cancer

"From a therapeutic perspective, our results are fascinating," Radko-Juettner said. "DCAF5 is part of a larger family of DCAF proteins that have been shown to be drug targetable. We showed that when DCAF5 is absent, mice had no discernable health effects, so we could potentially target DCAF5. This can kill the cancer cells but shouldn't affect healthy cells. Targeting DCAF5 thus has the potential to avoid the off-target toxicity of radiation or chemotherapy, making it a promising therapeutic avenue to pursue."

Beyond DCAF5, the findings could have implications for other cancers driven by the loss of a tumor suppressor.

"We have demonstrated a beautiful proof of principle," Roberts said. "Myriad types of cancers are caused by tumor suppressor loss. We hope we may have opened the door to thinking about new ways to approach targeting at least some of these by reversing, instead of killing, cancer."
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Making long-term memories requires nerve-cell damage | ScienceDaily
Just as you can't make an omelet without breaking eggs, scientists at Albert Einstein College of Medicine have found that you can't make long-term memories without DNA damage and brain inflammation. Their surprising findings were published online today in the journal Nature.


						
"Inflammation of brain neurons is usually considered to be a bad thing, since it can lead to neurological problems such as Alzheimer's and Parkinson's disease," said study leader Jelena Radulovic, M.D., Ph.D., professor in the Dominick P. Purpura Department of Neuroscience, professor of psychiatry and behavioral sciences, and the Sylvia and Robert S. Olnick Chair in Neuroscience at Einstein. "But our findings suggest that inflammation in certain neurons in the brain's hippocampal region is essential for making long-lasting memories."

The hippocampus has long been known as the brain's memory center. Dr. Radulovic and her colleagues found that a stimulus sets off a cycle of DNA damage and repair within certain hippocampal neurons that leads to stable memory assemblies -- clusters of brain cells that represent our past experiences. Elizabeth Wood, a Ph.D. student, and Ana Cicvaric, a postdoc in the Radulovic lab, were the study's first authors at Einstein.

From Shocks to Stable Memories

The researchers discovered this memory-forming mechanism by giving mice brief, mild shocks sufficient to form a memory of the shock event (episodic memory). They then analyzed neurons in the hippocampal region and found that genes participating in an important inflammatory signaling pathway had been activated.

"We observed strong activation of genes involved in the Toll-Like Receptor 9 (TLR9) pathway," said Dr. Radulovic, who is also director of the Psychiatry Research Institute at Montefiore Einstein (PRIME). "This inflammatory pathway is best known for triggering immune responses by detecting small fragments of pathogen DNA. So at first we assumed the TLR9 pathway was activated because the mice had an infection. But looking more closely, we found, to our surprise, that TLR9 was activated only in clusters of hippocampal cells that showed DNA damage."

Brain activity routinely induces small breaks in DNA that are repaired within minutes. But in this population of hippocampal neurons, the DNA damage appeared to be more substantial and sustained.




Triggering Inflammation to Make Memories

Further analysis showed that DNA fragments, along with other molecules resulting from the DNA damage, were released from the nucleus, after which the neurons' TLR9 inflammatory pathway was activated; this pathway in turn stimulated DNA repair complexes to form at an unusual location: the centrosomes. These organelles are present in the cytoplasm of most animal cells and are essential for coordinating cell division. But in neurons -- which don't divide -- the stimulated centrosomes participated in cycles of DNA repair that appeared to organize individual neurons into memory assemblies.

"Cell division and the immune response have been highly conserved in animal life over millions of years, enabling life to continue while providing protection from foreign pathogens," Dr. Radulovic said. "It seems likely that over the course of evolution, hippocampal neurons have adopted this immune-based memory mechanism by combining the immune response's DNA-sensing TLR9 pathway with a DNA repair centrosome function to form memories without progressing to cell division."

Resisting Inputs of Extraneous Information

During the week required to complete the inflammatory process, the mouse memory-encoding neurons were found to have changed in various ways, including becoming more resistant to new or similar environmental stimuli. "This is noteworthy," said Dr. Radulovic, "because we're constantly flooded by information, and the neurons that encode memories need to preserve the information they've already acquired and not be 'distracted' by new inputs."

Importantly, the researchers found that blocking the TLR9 inflammatory pathway in hippocampal neurons not only prevented mice from forming long-term memories but also caused profound genomic instability, i.e, a high frequency of DNA damage in these neurons.

"Genomic instability is considered a hallmark of accelerated aging as well as cancer and psychiatric and neurodegenerative disorders such as Alzheimer's," Dr. Radulovic said. "Drugs that inhibit the TLR9 pathway have been proposed for relieving the symptoms of long COVID. But caution needs to be shown because fully inhibiting the TLR9 pathway may pose significant health risks."

The study is titled "Formation of memory assemblies through the DNA sensing TLR9 pathway." Other Einstein authors are: Hui Zhang, Ph.D., Zorica Petrovic, B.A., Anna Carboncino, Ph.D., Kendra K. Parker, B.A., Thomas E. Bassett, Ph.D., Xusheng Zhang, M.S. The other contributors are: co-first author Vladimir Jovasevic, Ph.D., at Northwestern University, Chicago, IL; Maria Moltesen, Ph.D., Naoki Yamawaki, Ph.D., Hande Login, Ph.D., Joanna Kalucka, Ph.D., all at Aarhus University, Aarhus, Denmark; Farahnaz Sananbenesi, and Andre Fischer, Ph.D., at University Medical Center, Gottingen, Germany.
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More efficient TVs, screens and lighting | ScienceDaily
New multidisciplinary research from the University of St Andrews could lead to more efficient televisions, computer screens and lighting.


						
Researchers at the Organic Semiconductor Centre in the School of Physics and Astronomy, and the School of Chemistry have proposed a new approach to designing efficient light-emitting materials in a paper published this week in Nature (27 March).

Light-emitting materials are used in organic light-emitting diodes (OLEDs) that are now found in the majority of mobile phone displays and smartwatches, and some televisions and automotive lighting.

The latest generation of emitter materials under development produce OLEDs that have high efficiency at low brightness, but suffer reduced efficiency as the brightness is increased to the levels required for lighting and outdoor applications. This problem is known as 'efficiency roll-off'.

Researchers have identified the combination of features of materials required to overcome this problem. Guidelines developed by the team of researchers, led by Professor Ifor Samuel and Professor Eli Zysman-Colman, will help OLED researchers develop materials that maintain high efficiency at high brightness, enabling the latest materials to be used for applications in displays, lighting and medicine.

Commenting on the research, Professor Zysman-Colman explained that the findings "provide clearer insight into the link between the properties of the emitter material and the performance of the OLED."

Professor Samuel said, "Our new approach to this problem will help to develop bright, efficient and colourful OLEDs that use less power."
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Sweet success: Sugarcane's complex genetic code cracked | ScienceDaily
Modern hybrid sugarcane is one of the most harvested crops on the planet, used to make products including sugar, molasses, bioethanol, and bio-based materials. It also has one of the most complex genetic blueprints.


						
Until now, sugarcane's complicated genetics made it the last major crop without a complete and highly accurate genome. Scientists have developed and combined multiple techniques to successfully map out sugarcane's genetic code. With that map, they were able to verify the specific location that provides resistance to the impactful brown rust disease that, unchecked, can devastate a sugar crop. Researchers can also use the genetic sequence to better understand the many genes involved in sugar production.

The research was conducted as part of the Community Science Program at the U.S. Department of Energy Joint Genome Institute (JGI), a DOE Office of Science user facility at Lawrence Berkeley National Laboratory (Berkeley Lab). The study is published today in the journal Nature, and the genome is available through the JGI's plant portal, Phytozome.

"This was the most complicated genome sequence we've yet completed," said Jeremy Schmutz, Plant Program lead at the JGI and faculty investigator at the HudsonAlpha Institute for Biotechnology. "It shows how far we've come. This is the kind of thing that 10 years ago people thought was impossible. We're able to accomplish goals now that we just didn't think were possible to do in plant genomics."

Sugarcane's genome is so complex both because it is large and because it contains more copies of chromosomes than a typical plant, a feature called polyploidy. Sugarcane has about 10 billion base pairs, the building blocks of DNA; for comparison, the human genome has about 3 billion. Many sections of sugarcane's DNA are identical both within and across different chromosomes. That makes it a challenge to correctly reassemble all the small segments of DNA while reconstructing the full genetic blueprint. Researchers solved the puzzle by combining multiple genetic sequencing techniques, including a newly developed method known as PacBio HiFi sequencing that can accurately determine the sequence of longer sections of DNA.

Having a complete "reference genome" makes it easier to study sugarcane, enabling researchers to compare its genes and pathways with those in other well-studied crops such as sorghum or other biofuel crops of interest, like switchgrass and miscanthus. By comparing this reference to other crops, it becomes easier to understand how each gene influences a trait of interest, such as which genes are highly expressed during sugar production, or which genes are important for disease resistance. This study found that the genes responsible for resistance to brown rust, a fungal pathogen that previously caused millions of dollars of damage to sugarcane crops, are found in only one location in the genome.

"When we sequenced the genome, we were able to fill a gap in the genetic sequence around brown rust disease," said Adam Healey, first author of the paper and a researcher at HudsonAlpha. "There are hundreds of thousands of genes in the sugarcane genome, but it's only two genes, working together, that protect the plant from this pathogen. Across plants, there are only a handful of instances that we know of where protection works in a similar way. Better understanding of how this disease resistance works in sugarcane could help protect other crops facing similar pathogens down the road."

Researchers studied a cultivar of sugarcane known as R570 that has been used for decades around the world as the model to understand sugarcane genetics. Like all modern sugarcane cultivars, R570 is a hybrid made by crossing the domesticated species of sugarcane (which excelled in sugar production) and a wild species (which carried the genes for disease resistance).




"Knowing R570's complete genetic picture will let researchers trace which genes descended from which parent, enabling breeders to more easily identify the genes that control the traits of interest for improved production," said Angelique D'Hont, last author of the paper and a sugarcane researcher at the French Agricultural Research Center for International Development (CIRAD).

Improving future varieties of sugarcane has potential applications in both agriculture and bioenergy. Enhancing how sugarcane produces sugar could increase the yield farmers get from their crops, providing more sugar from the same amount of growing space. Sugarcane is an important feedstock, or starting material, for producing biofuels, particularly ethanol, and other bioproducts. The residues that remain after the pressing of sugarcane, referred to as bagasse, are an important type of agricultural residue that can also be broken down and converted into biofuels and bioproducts.

"We are working to understand how specific genes in plants relate to the quality of the biomass we get downstream, which we can then turn into biofuels and bioproducts," said Blake Simmons, Chief Science and Technology Officer for the Joint BioEnergy Institute, a DOE Bioenergy Research Center led by Berkeley Lab. "With a better understanding of sugarcane genetics, we can better understand and control the plant genotypes needed to produce the sugars and bagasse-derived intermediates we need for sustainable sugarcane conversion technologies at a scale relevant to the bioeconomy."

This study involved collaborations with institutes from around the world, including France (CIRAD, UMR-AGAP, ERCANE); Australia (CSIRO Agriculture and Food, Queensland Alliance for Agriculture and Food Innovation/ARC Centre of Excellence for Plant Success in Nature and Agriculture -- University of Queensland, Sugar Research Australia); Czech Republic (Institute of Experimental Botany of the Czech Academy of Sciences); and the United States (Corteva Agriscience, Joint BioEnergy Institute). The genome was sequenced at the JGI with work completed at the JGI partner laboratories, the Arizona Genomics Institute and the HudsonAlpha Institute for Biotechnology.
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Getting too little sleep linked to high blood pressure | ScienceDaily
Sleeping fewer than seven hours is associated with a higher risk of developing high blood pressure over time, according to a study presented at the American College of Cardiology's Annual Scientific Session.


						
While the association between sleep patterns and high blood pressure has been reported, evidence about the nature of this relationship has been inconsistent, according to researchers. The current analysis pools data from 16 studies conducted between January 2000 and May 2023, evaluating hypertension incidence in 1,044,035 people from six countries who did not have a prior history of high blood pressure over a median follow-up of five years (follow-up ranged from 2.4 to 18 years). Short sleep duration was significantly associated with a higher risk of developing hypertension after adjusting for demographic and cardiovascular risk factors, including age, sex, education, BMI, blood pressure, smoking status etc. Furthermore, the association was found to be even stronger for those getting less than five hours of sleep.

"Based on the most updated data, the less you sleep -- that is less than seven hours a day -- the more likely you will develop high blood pressure in the future," said Kaveh Hosseini, MD, assistant professor of cardiology at the Tehran Heart Center in Iran and principal investigator of the study. "We saw a trend between longer sleep durations and a greater occurrence of high blood pressure, but it was not statistically significant. Getting seven to eight hours of sleep, as is recommended by sleep experts, may be the best for your heart too."

The study found that sleeping less than seven hours was associated with a 7% increased risk of developing high blood pressure, which spiked to 11% when reported sleep duration was less than five hours. By comparison, diabetes and smoking are known to heighten one's risk of hypertension by at least 20%, Hosseini said.

While the study did not look at why this might be the case, Hosseini said that disrupted sleep could be to blame. For example, he said lifestyle habits or comorbid conditions such as overeating, alcohol use, nightshift work, certain medication use, anxiety, depression, sleep apnea or other sleep disorders may be factors.

Researchers were surprised there were no age-based differences in the association between sleep duration and hypertension given that sleep patterns tend to shift with age. The age of the participants ranged from 35.4 years to 60.9 years and more than half (61%) were female. When compared with men, females who reported less than seven hours of sleep had a 7% greater risk of developing high blood pressure.

"Getting too little sleep appears to be riskier in females," Hosseini said. "The difference is statistically significant, though we are not sure it's clinically significant and should be further studied. What we do see is that lack of good sleep patterns may increase the risk of high blood pressure, which we know can set the stage for heart disease and stroke."

It's important for people to talk with their health care team about their sleep patterns, especially if they have disrupted sleep that might be due to obstructive sleep apnea. Sleep apnea has been tied to higher rates of high blood pressure, stroke and coronary artery disease.

This study has several limitations, including that sleep duration was based on self-reported questionnaires, so changes in sleep duration over the follow-up period were not assessed. Moreover, there were variations in how short sleep duration was defined between the studies (fewer than five or six hours).

"Further research is required to evaluate the association between sleep duration and high blood pressure using more accurate methods like polysomnography, a method for evaluating sleep quality more precisely," Hosseini said. "Moreover, the variations in reference sleep duration underline the need for standardized definition in sleep research to enhance the comparability and generalizability of findings across diverse studies."
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A solar cell you can bend and soak in water | ScienceDaily
Researchers from the RIKEN Center for Emergent Matter Science and collaborators have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.


						
One of the potential uses of organic photovoltaics is to create wearable electronics -- devices that can be attached to clothing that can monitor medical devices, for example, without requiring battery changes. However, researchers have found it challenging to achieve waterproofing without the use of extra layers that end up decreasing the flexibility of the film.

Now, in work published in Nature Communications, a group of scientists have been able to do precisely that. They took on the challenge of overcoming a key limitation of previous devices, which is that it is difficult to make them waterproof without reducing the flexibility. Photovoltaic films are typically made of several layers. There is an active later, which captures energy of a certain wavelength from sunlight, and uses this energy to separate electrons and "electron holes" into a cathode and anode. The electrons and holes can then reconnect through a circuit, generating electricity. In previous devices, the layer transporting the electron holes was generally created sequentially by layering.

For the current work, however, the researchers deposited the anode layer, in this case a silver electrode, directly onto the active layers, creating better adhesion between the layers. They used a thermal annealing process, exposing the film to air at 85 degrees Celsius for 24 hours. According to Sixing Xiong, the first author of the paper, "It was challenging to form the layer, but we were happy to have accomplished it, and in the end were able to create a film that was just 3 micrometers thick, and we looked forward to seeing the results of tests."

What the group saw from the testing was very encouraging. First, they immersed the film completely in water for four hours and found that it still had 89 percent of its initial performance. They then subjected a film to stretching by 30 percent 300 times underwater, and found that even with that punishment, it retained 96 percent of its performance. As a final test, they ran it through a washing machine cycle, and it survived the ordeal, something that has never been achieved before.

According to Kenjiro Fukuda, one of the corresponding authors of the paper, "What we have created is a method that can be used more generally. Looking to the future, by improving the stability of devices in other areas, such as exposure to air, strong light, and mechanical stress, we plan to further develop our ultrathin organic solar cells so that they can be used for really practical wearable devices."

In addition to RKEN CEMS, members of the research group were from the University of Tokyo and the Huazhong University of Science and Technology in China.
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Rock-wallaby bite size 'packs a punch' | ScienceDaily
Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives.


						
Researchers from Flinders University made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

Study leader Dr Rex Mitchell also coined the idea of 'Little Wallaby Syndrome' after examining the skulls of dwarf rock-wallabies to discover they can more than compensate for their size.

"We already knew that smaller animals have a harder time eating the same foods as larger ones, simply because their jaws are smaller. For example, a chihuahua wouldn't be able to chew on a big bone as easily as a German Shepherd," says Dr Mitchell, from the Morphological Evo-Devo Lab at Flinders University.

"If I were a vegetable, I would not mess with a pygmy rock-wallaby. They totally have 'Little Wallaby Syndrome'."

The new study, published today in the Royal Society's Biology Letters, delves deeper into the marsupials' superpowers.

Coauthor of the new study, Flinders University Associate Professor in Evolutionary Biology Vera Weisbecker, says some tiny species of rock-wallaby, such as the nabarlek, are able to eat similar foods as relatives that are eight times larger.




"We therefore suspected that something happened in the evolution of their jaws to allow them to stick to these diets," she says.

To investigate, the researchers scanned the skulls of nearly 400 rock-wallaby skulls, including all 17 species to compare the features of their skulls.

The results confirmed the team's suspicions. Aside from typical differences in brain and eye size that are usually seen between bigger and smaller animals, there were also differences in the features of the skull used for feeding.

Another co-author Dr Mark Eldridge, from the Australian Museum, adds: "We found clear indicators that both dwarf rock-wallabies have adaptations to harder biting: they had shorter, rounder snouts and teeth positioned at the back of the jaw where they are more effective at harder bites."

But the researchers also found some surprising differences in the teeth between the dwarfs and larger species. They found that some of the teeth of the dwarfs were much larger, for their size, than any of the bigger species.

"This makes sense, because many animals that need to bite harder into their foods tend to have bigger teeth for their size," Dr Mitchell says.




As well, dwarf wallabies had another surprise for the researchers: The two dwarf species had different teeth that were the biggest. One species has the biggest molars, while the other has the largest premolars.

These potentially indicate different adaptations to vegetation types. Larger premolars are better at slicing through leaves and twigs of shrubs, while larger molars are better for grinding up grass and other plants that are closer to the ground.

The species with the largest molars, the nabarlek, is the only species of marsupials known to continuously grow new molars throughout its life.

The findings show that dwarf species of rock-wallabies have skulls that are better at biting than larger species.

Dr Mitchell says the findings are important because the functional effects of skull size on skull shape are often ignored because differences in size are not generally considered to be related to feeding adaptations.

But the research team has shown that some differences in the skulls are related to how hard a skull can bite, and that smaller animals need to have harder-biting skulls than larger animals if they want to eat the same kinds of foods.
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Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries | ScienceDaily
Researchers at Trinity College Dublin have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.


						
The study, carried out in collaboration with archaeologists from the Atlantic Technological University and University of Edinburgh, was published today in journal Molecular Biology and Evolution. The authors identified several bacteria linked to gum disease and provided the first high-quality ancient genome of Streptococcus mutans, the major culprit behind tooth decay.

While S. mutans is very common in modern mouths, it is exceptionally rare in the ancient genomic record. One reason for this may be the acid-producing nature of the species. This acid decays the tooth, but also destroys DNA and stops plaque from fossilising. While most ancient oral microbiomes are retrieved from fossilised plaque, this study targeted the tooth directly.

Another reason for the scarcity of S. mutans in ancient mouths may be the lack of favorable habitats for this sugar-loving species. An uptick of dental cavities is seen in the archaeological record after the adoption of cereal agriculture thousands of years ago, but a far more dramatic increase has occurred only in the past few hundred years when sugary foods were introduced to the masses.

The sampled teeth were part of a larger skeletal assemblage excavated from Killuragh Cave, County Limerick, by the late Peter Woodman of University College Cork. While other teeth in the cave showed advanced dental decay, no cavities were visible on the sampled teeth. However, one tooth produced an unprecedented amount of S. mutans DNA, a sign of an extreme imbalance in the oral microbial community.

"We were very surprised to see such a large abundance of S. mutans in this 4,000-year-old tooth," said Dr Lara Cassidy, an assistant professor in Trinity's School of Genetics and Microbiology, and senior author of the study. "It is a remarkably rare find and suggests this man was at a high risk of developing cavities right before his death."

The researchers also found that other streptococcal species were virtually absent from the tooth. This indicates the natural balance of the oral biofilm had been upset -- mutans had outcompeted the other streptococci leading to the pre-disease state.




The team also found evidence to support the "disappearing microbiome" hypothesis, which proposes modern microbiomes are less diverse than those of our ancestors. This is cause for concern, as biodiversity loss can impact human health. The two Bronze Age teeth produced highly divergent strains of Tannerella forsythia, a bacteria implicated in gum disease.

"These strains from a single ancient mouth were more genetically different from one another than any pair of modern strains in our dataset, despite the modern samples deriving from Europe, Japan and the USA," explained Iseult Jackson, a PhD candidate at Trinity, and first author of the study. "This represents a major loss in diversity and one that we need to understand better."

Very few full genomes from oral bacteria have been recovered prior to the Medieval era. By characterising prehistoric diversity, the authors were able to reveal dramatic changes in the oral microenvironment that have happened since.

Dr Cassidy added: "Over the last 750 years, a single lineage of T. forsythia has become dominant worldwide. This is the tell-tale sign of natural selection, where one strain rises rapidly in frequency due to some genetic advantage it holds over the others. T. forsythia strains from the industrial era onwards contain many new genes that help the bacteria colonise the mouth and cause disease.

"S. mutans has also undergone recent lineage expansions and changes in gene content related to pathogenicity. These coincide with humanity's mass consumption of sugar, although we did find that modern S. mutans populations have remained more diverse, with deep splits in the S. mutans evolutionary tree pre-dating the Killuragh genome."

The scientists believe this is driven by differences in the evolutionary mechanisms that shape genome diversity in these species.

"S. mutans is very adept at swapping genetic material between strains," said Dr Cassidy. "This means an advantageous innovation can be spread across S. mutans lineages like a new piece of tech. This ability to easily share innovations may explain why this species retains many diverse lineages without one becoming dominant and replacing all the others."

In effect, both these disease-causing bacteria have changed dramatically from the Bronze Age to today, but it appears that very recent cultural transitions in the industrial era have had an inordinate impact.
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Spot-on laser treatment for skin blemishes becoming clearer with new index | ScienceDaily
Many people bothered by skin blemishes might turn to laser treatment. To improve efficacy and reduce complications from such laser treatment, an Osaka Metropolitan University-led research group has developed an index of the threshold energy density, known as fluence, and the dependent wavelength for picosecond lasers.


						
Picosecond lasers have in recent years been used to remove pigmented lesions. These lasers deliver energy beams in pulses that last for about a trillionth of a second. The lasers target melanosomes, which produce, store, and transport the melanin responsible for pigment.

Postdoctoral Fellow Yu Shimojo of OMU's Graduate School of Medicine and Specially Appointed Professor Toshiyuki Ozawa and Professor Daisuke Tsuruta of the school's Department of Dermatology were among the researchers who developed this first picosecond laser index for each of the wavelengths used in clinical practice in treating pigmented lesions.

Comparing previously reported clinical studies, the researchers confirmed that clinical results showing low complication rates and high efficacy can be explained based on these wavelength-dependent indicators.

"The use of this indicator is expected to play an important part in setting irradiation conditions in clinical practice," Postdoc Fellow Shimojo said. "In addition, the implementation of picosecond laser therapy based on scientific evidence, rather than relying solely on physicians' experience, is expected to improve the safety and effectiveness of the treatment."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124730.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists warn: The grey seal hunt is too large | ScienceDaily
Researchers at the University of Gothenburg warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.


						
After decades of hard hunting and environmental contamination by toxins such as PCBs, there were only 5,000 grey seals left in the entire Baltic Sea by the 1970s, falling from an initial size of more than 90,000 at the beginning of the century. Since then, the population has partially recovered, and today stands at around 55,000 animals for all countries combined.

Baltic grey seals are genetically isolated from the closest grey seal populations in the Atlantic. They are generally slightly smaller and, unlike solely land breeding seals found in the British Isles, can give birth to young on both drift ice and on land. The population is now facing new challenges in a world with a warming climate and a shortage of appropriately sized prey fish. Using a mathematical model, the researchers showed that increased seal hunting could cause the population to decline once more.

"It has taken three generations for the grey seal to recover. The seal population is now growing, but our research shows that, if the current hunting quota of 3,000 animals per year is met, the survival of the grey seal in the Baltic Sea will once again be threatened," says Daire Carroll, Associate researcher at the University of Gothenburg and lead author of the study published in the Journal of Animal Ecology.

At present, about 1,500 seals are killed each year in the Baltic Sea.

The hunting quota must be reduced

The researchers created a mathematical model for grey seal population growth and examined several different scenarios for the future. They tested the effect of different hunting pressures, different levels of food availability, and the consequences of less sea ice.




"We saw that killing 3,000 seals each year always led to a decrease in seal population size, even in the most optimistic scenarios for the climate and marine environment. Our conclusion is that the current hunting quota in the Baltic Sea is unsustainable. If the seal population is to continue to recover, the maximum number that can be hunted is 1,900 animals. But if there are other environmental changes that have a negative impact on population, that figure should also be reduced," says Daire Carroll.

The countries around the Baltic Sea have agreed that the grey seal population should be allowed to recover after coming close to extinction in the 20th century due to hunting and environmental contamination. Conflict with fisheries during this period led to a bounty on seals. A biproduct of this is that there are detailed statistics on how many seals were killed each year. Researchers at the University of Gothenburg were helped by their colleagues at the Swedish Museum of Natural History in Stockholm to produce data on the development of the grey seal in modern times. Thanks to the fact that seals are now used as an environmental indicator for the Baltic Sea, there is good data on the seals' numbers, fertility, and health.

Advantage of breeding on ice

"We created a model of how the seal population would have grown over the last 20 years if there had been no hunting. In this way, we can estimate the long-term effect of today's hunting quotas on the seal population. We have also simulated what a warmer climate would mean for the grey seal," says Daire Carroll.

Baltic grey seal pups have a greater chance of survival if they are born on sea ice instead of on land. On ice floes, mothers and pups can spread out over a larger area and the pups face fewer threats from other predators, humans, or infections that are easily spread in dense seal colonies on land.

As the seal population has grown, so has the conflict with the fishing industry, and in 2020, the protective hunt was supplemented with a licensed hunt in Finland and Sweden. In total, more than 3,000 animals could potentially be killed.

"The culling of individual seals that visit or destroy fishing gear has always been allowed and is not problematic for the survival of the population. It was a few hundred individuals per year and did not affect entire groups of seals. But the new licensed hunting, it is different, it risks hitting the survival of the grey seal hard," says Karin Harding, Professor of Ecology at the University of Gothenburg and co-author of the study, who has been researching seals since the late 1980s.
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Want to feel young? Protect your sleep | ScienceDaily
Feeling sleepy can make you feel ten years older. Researchers at Stockholm University have discovered that sleep affects how old you feel. The study is published in the scientific journal Proceedings of the Royal Society B.


						
Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception -- it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one's actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains.

"Given that sleep is essential for brain function and overall well-being, we decided to test whether sleep holds any secrets to preserving a youthful sense of age," says Leonie Balter, researcher at the Department of Psychology, Stockholm University.

In the first study, 429 individuals aged 18 to 70 were asked how old they felt, how many days in the past month they had not gotten enough sleep, and how sleepy they were. It turned out that for each night with insufficient sleep in the past month, participants felt on average 0.23 years older.

In a second study, the researchers tested whether it was indeed the lack of sleep causing participants to feel older. Therefore, they conducted an experimental sleep restriction study involving 186 participants aged 18 to 46. Participants restricted their sleep for two nights -only four hours in bed each night -- and another time slept sufficiently for two nights, with nine hours in bed each night.

After sleep restriction, participants felt on average 4.4 years older compared to when having enjoyed sufficient sleep. The effects of sleep on subjective age appeared to be related to how sleepy they felt. Feeling extremely alert was related to feeling 4 years younger than one's actual age, while extreme sleepiness was related to feeling 6 years older than one's actual age.

"This means that going from feeling alert to sleepy added a striking 10 years to how old one felt," says Leonie Balter, and states that the implications for our daily lives are clear:

"Safeguarding our sleep is crucial for maintaining a youthful feeling. This, in turn, may promote a more active lifestyle and encourage behaviours that promote health, as both feeling young and alert are important for our motivation to be active."
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A tiny spot leads to a large advancement in nano-processing, researchers reveal | ScienceDaily
Focusing a tailored laser beam through transparent glass can create a tiny spot inside the material. Researchers at Tohoku University have reported on a way to use this small spot to improve laser material processing, boosting processing resolution.


						
Their findings were published in the journal Optics Letters on March 1,2024.

Laser machining, like drilling and cutting, is vital in industries such as automotive, semiconductors, and medicine. Ultra-short pulse laser sources, with pulse widths from picoseconds to femtoseconds, enable precise processing at scales ranging from microns to tens of microns. But recent advancements demand even smaller scales, below 100 nanometers, which existing methods struggle to achieve.

The researchers focused on a laser beam with radial polarization, known as a vector beam. This beam generates a longitudinal electric field at the focus, producing a smaller spot than conventional beams.

Scientists have identified this process as promising for laser processing. However, one drawback is that this field weakens inside the material due to light refraction at the air-material interface, limiting its use.

"We overcame this employing an oil immersion objective lens -- something commonly found in biological microscopes -- for laser processing glass substrates," exclaims Yuichi Kozawa, an associate professor at Tohoku University's Institute for Multidisciplinary Research for Advanced Materials (IMRAM) and co-author of the paper. "Because the immersion oil and glass have nearly identical refractive indices, the light that passes through them does not bend."

Further examination of the radially polarized beam behavior when focused with an annular shape revealed that the longitudinal field is greatly enhanced. This enhancement occurs because of total reflection at high converging angles on the back surface between the glass and air. By using an annular-shaped radially polarized beam, Kozawa and his colleagues created a small focal spot.

From there, they applied this method to laser process a glass surface with an ultra-short pulse laser beam. A single shot of the converted pulse on the back surface of a glass substrate created a hole with a diameter of 67 nanometers, about 1/16 of the laser beam's wavelength.

"This breakthrough enables direct material processing with enhanced precision using the enhanced longitudinal electric field," adds Kozawa. "It offers a simple approach to realize processing scales below 100 nm and opens new possibilities for laser nano-processing in various industries and scientific fields."
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Social, environmental factors may raise risk of developing heart disease and stroke | ScienceDaily
People who live in areas with social and environmental adversities may have up to twice the increased risk for developing heart disease and stroke, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
In this study, environmental adversities included air and water pollution, potentially hazardous or toxic sites, few recreational parks, and high traffic roads, railways or airports. Social vulnerabilities were defined as racial and ethnic minority status; socioeconomic factors such as income, education and employment levels; housing status; and access to internet and health care.

"Our study is one of the first to examine the impact of both social and environmental factors in combination and looked at the complex interplay between them," said the study's senior author Sarju Ganatra, M.D., a cardiologist and vice chair in the department of medicine for research and director of the Cardio-Oncology Program and South Asian Cardio-Metabolic Program at Lahey Hospital and Medical Center in Burlington, Massachusetts.

This study used the Environmental Justice Index -- developed with data from the U.S. Census Bureau, the U.S. Environmental Protection Agency, U.S. Mine Safety and Health Administration and the U.S. Centers for Disease Control and Prevention -- to rate environmental disadvantages across all U.S. census tracts.

The analysis found:
    	People living in the most environmentally vulnerable neighborhoods had 1.6 times the rate of blocked arteries and more than twice the rate of stroke compared to people living in the least environmentally vulnerable neighborhoods.
    	Cardiovascular disease risk factors were higher in the most vulnerable areas with twice the rate of Type 2 diabetes, 1.8 times higher rates of chronic kidney disease, and 1.5 times higher incidence of high blood pressure and obesity.
    	About 30% of all U.S. residents aged 18-44, 21% of Black adults and most Hispanic adults resided in places with alarmingly high environmental burdens.

"I was amazed to see the tight links and complex interplay between social and environmental factors on health outcomes. We were able to demonstrate their 'dual hit' on health outcomes. And beyond that, we were more amazed by the fact that even after adjusting for socioeconomic factors, environmental factors played a crucial and independent role in determining various heart disease and other related health outcomes," Ganatra said.

According to researchers, reversing the impact of social and environmental disadvantages will require a multi-pronged approach with interventions to reduce pollution exposure and policies that address the causes of poverty, urban revitalization, high quality public education, job creation programs and affordable housing, along with steps to ensure universal access to quality health care.

"Our aim is to empower the health care community to better inform patients about environmental factors they encounter daily. Patients, in turn, gain the ability to reduce their exposure to harmful environmental conditions, such as exposure to harmful chemicals and air pollutants to minimize health hazards and mitigate health risks," Ganatra said.
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Developmental psychology: Concern for others emerges during second year of life | ScienceDaily
Children exhibit empathic concern at about 18 months. In an LMU study, the facial expressions, gestures, or vocalizations of children at this age indicated they were emotionally affected by the distress of another person. From a psychological standpoint, this is an important developmental step. "To experience empathic concern, the child must be able to distinguish between the self and the other person," says Markus Paulus, Chair of Developmental Psychology and Educational Psychology at LMU. This self-concept emerges during the second year of life, as evidenced for instance by children recognizing themselves in the mirror.


						
Infants are moved by the feelings of others, such as fear or grief, from an early age. Developmental psychology interprets this emotional contagion as a first step toward empathic concern. "For empathic concern, you also have to be able to regulate the emotion and not be overwhelmed by it," explains Markus Paulus. Empathic concern requires not only affective resonance, but also cognitive understanding and the ability to take the perspective of the other person.

Empathic concern is acquired through social interactions

In the study, the researchers also investigated what role the behavior of caregivers plays in the ability of children to feel empathic concern for others. They discovered that the degree of parental sensitivity is key: The more sensitively mothers responded to the needs of their infants, the greater the capacity of the children was in their second year of life to show empathic concern for a stranger. Thus, empathic concern is socially acquired. "A child couldn't survive without sensitive caregivers who act with empathic concern. Children learn from them how to deal with negative emotions. As a result, they are subsequently able to apply these lessons themselves," says Markus Paulus. As such, the study shows that empathic concern is not innate, but develops in the context of social interactions.

For the further development of the child, empathic concern is critical for prosocial behavior. "Empathic concern helps us respond appropriately to the distress of others. It motivates us to care for them," says co-author Tamara Becher.

For the study, a team led by Markus Paulus and Tamara Becher invited the same infants and their mothers to behavioral experiments at LMU when the children were 6, 10, 14, and 18 months old. A total of 127 mother-child pairs were studied over a period of one-and-a-half years. The researchers recorded signs of empathic concern in the children in playful situations at four different points in time. In the experiment, the children observed how another person had a slight accident and simulated pain. Their response was additionally compared against their behavior when they saw another person laughing. The children were six months old at the time of their first visit and 18 months old at the time of their last one.
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Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks | ScienceDaily
This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.


						
New research from Queen Mary University of London led by Dr Dunja Aksentijevic in the Faculty of Medicine and Dentistry has revealed that that the genome of the naked mole-rat contains specific adaptations that allow them to survive in low-oxygen, and even no oxygen environments in their natural habitat. The findings also show the mammals' distinct cardiometabolic profile helps to avoid damage to their hearts caused by cardiovascular events.

Dr Aksentijevic led the team of scientists from London, Pretoria and Cambridge to sample heart tissue from the naked mole-rat and compared it to samples from other African mole-rat species (Cape, Cape dune, common, Natal, Mahali, highveld and Damaraland mole-rats), as well as evolutionarily divergent mammals (Hottentot golden mole and C57/BL6 mouse).

In this study, they found that the naked mole-rat has a unique expression of genes in heart cells controlling energy generation from sugars resulting in a metabolic profile that is distinct from any of the other mole-rats as well as the other species studied. These unique cardiac metabolic and genetic features of the naked mole-rat heart led to enhanced energy reserves even during blood occlusion and return of blood flow after in vitro simulated heart attack. Collectively, these adaptations result in the naked mole-rat 's tolerance to reduced oxygen and negligible damage to their heart tissue.

Dr Chris Faulkes, Reader (Associate Professor) in Evolutionary Ecology at Queen Mary and Lead Author, said: "Naked mole-rats live in a unique hypoxic and social environment, and we believe these factors have driven the evolution of special adaptations in their hearts that contribute to their exceptional longevity and health span,"

Dr Dunja Aksentijevic, Wellcome Trust Career Re-Entry Fellow, Reader (Associate Professor) in Cardiovascular Physiology and Metabolism at Queen Mary, said: "Unlike humans, who are prone to heart injury by hypoxia and anoxia caused by blood occlusion during heart attacks, NMR hearts have adapted to evade such damage. Thanks to our research, we are now able to understand the metabolic and genetic mechanisms underpinning this unique level of protection."
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New technique for predicting protein dynamics may prove big breakthrough for drug discovery | ScienceDaily
Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers at Brown University has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.


						
A study describing the approach was published in Nature Communications on Wednesday, March 27.

The authors say the technique is accurate, fast, cost-effective and has the potential to revolutionize drug discovery by uncovering many more targets for new treatments.

In targeted cancer therapy, for example, treatments are designed to zero in on proteins that control how cancer cells grow, divide and spread. One of the challenges for structural biologists has been understanding cell proteins thoroughly enough to identify targets, said study author Gabriel Monteiro da Silva, a Ph.D. candidate in molecular biology, cell biology and biochemistry at Brown.

Monteiro da Silva uses computational methods to model protein dynamics and looks for ways to improve methods or find new methods that work best for different situations. For this study, he partnered with Brenda Rubenstein, an associate professor of chemistry and physics, and other Brown researchers to experiment with an existing A.I.-powered computational method called AlphaFold 2.

While Monteiro da Silva said that the accuracy of AlphaFold 2 has revolutionized protein structure prediction, the method has limitations: It allows scientists to model proteins only in a static state at a specific point in time.

"During most cellular processes, proteins will change shape dynamically," Monteiro da Silva said. "In order to match protein targets to drugs to treat cancer and other diseases, we need a more accurate understanding of these physiological changes. We need to go beyond 3D shapes to understanding 4D shapes, with the fourth dimension being time. That's what we did with this approach."

Monteiro da Silva used the analogy of a horse to explain protein models. The arrangement of the horse's muscles and limbs create different shapes depending on whether the horse is standing or galloping; protein molecules conform into different shapes due to the bonding arrangements of their constituent atoms. Imagine that the protein is a horse, Monteiro da Silva said. Previous methods were used to predict a model of a standing horse. It was accurate, but it didn't tell much about how the horse behaved or how it looked when it wasn't standing.




In this study, the researchers were able to manipulate the evolutionary signals from the protein to use AlphaFold 2 to rapidly predict multiple protein conformations, as well as how often those structures are populated. Using the horse analogy, the new method allows researchers to quickly predict multiple snapshots of a horse galloping, which means they can see how the muscular structure of the horse would change as it moved, and then compare those structural differences.

"If you understand the multiple snapshots that make up the dynamics of what's going on with the protein, then you can find multiple different ways of targeting the proteins with drugs and treating diseases," said Rubenstein, whose research focuses whose research focuses on electronic structure and biophysics.

Rubenstein explained that the protein on which the team focused in this study was one that had different drugs developed for it. Yet for many years, no one could understand why some of the drugs succeeded or failed, she said.

"It all came down to the fact that these specific proteins have multiple conformations, as well as to understanding how the drugs bind to the different conformations, instead of to the one static structure that these techniques previously predicted; knowing the set of conformations was incredibly important to understanding how these drugs actually functioned in the body," Rubenstein said.

Accelerating discovery time

The researchers noted that existing computational methods are cost- and time-intensive.




"They're expensive in terms of materials, in terms of infrastructure; they take a lot of time, and you can't really do these computations in a high throughput kind of way -- I'm sure I was one of the top users of GPUs in Brown's computer cluster," Monteiro da Silva said. "On a larger scale, this is a problem because there's a lot to explore in the protein world: how protein dynamics and structure are involved in poorly understood diseases, in drug resistance and in emerging pathogens."

The researchers described how Monteiro da Silva previously spent three years using physics to understand protein dynamics and conformations. Using their new A.I.-powered approach, the discovery time decreased to mere hours.

"So you can imagine what a difference that would make in a person's life: three years versus three hours," Rubenstein said. "And that's why it was very important that the method we developed should be high-throughput and highly efficient."

As for next steps, the research team is refining their machine learning approach, making it more accurate as well as generalizable, and more useful for a range of applications.
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Risk factors for faster aging in the brain revealed in new study | ScienceDaily
Researchers from the Nuffield Department of Clinical Neurosciences at the University of Oxford have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.


						
The researchers had previously identified a 'weak spot' in the brain, which is a specific network of higher-order regions that not only develop later during adolescence, but also show earlier degeneration in old age. They showed that this brain network is also particularly vulnerable to schizophrenia and Alzheimer's disease.

In this new study, published in Nature Communications, they investigated the genetic and modifiable influences on these fragile brain regions by looking at the brain scans of 40,000 UK Biobank participants aged over 45.

The researchers examined 161 risk factors for dementia, and ranked their impact on this vulnerable brain network, over and above the natural effects of age. They classified these so-called 'modifiable' risk factors -- as they can potentially be changed throughout life to reduce the risk of dementia -- into 15 broad categories: blood pressure, cholesterol, diabetes, weight, alcohol consumption, smoking, depressive mood, inflammation, pollution, hearing, sleep, socialisation, diet, physical activity, and education.

Prof. Gwenaelle Douaud, who led this study, said: 'We know that a constellation of brain regions degenerates earlier in aging, and in this new study we have shown that these specific parts of the brain are most vulnerable to diabetes, traffic-related air pollution -- increasingly a major player in dementia -- and alcohol, of all the common risk factors for dementia.'

'We have found that several variations in the genome influence this brain network, and they are implicated in cardiovascular deaths, schizophrenia, Alzheimer's and Parkinson's diseases, as well as with the two antigens of a little-known blood group, the elusive XG antigen system, which was an entirely new and unexpected finding.'

Prof. Lloyd Elliott, a co-author from Simon Fraser University in Canada, concurs: 'In fact, two of our seven genetic findings are located in this particular region containing the genes of the XG blood group, and that region is highly atypical because it is shared by both X and Y sex chromosomes. This is really quite intriguing as we do not know much about these parts of the genome; our work shows there is benefit in exploring further this genetic terra incognita.'

Importantly, as Prof. Anderson Winkler, a co-author from the National Institutes of Health and The University of Texas Rio Grande Valley in the US, points out: 'What makes this study special is that we examined the unique contribution of each modifiable risk factor by looking at all of them together to assess the resulting degeneration of this particular brain 'weak spot'. It is with this kind of comprehensive, holistic approach -- and once we had taken into account the effects of age and sex -- that three emerged as the most harmful: diabetes, air pollution, and alcohol.'

This research sheds light on some of the most critical risk factors for dementia, and provides novel information that can contribute to prevention and future strategies for targeted intervention.
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Heat, cold extremes hold untapped potential for solar and wind energy | ScienceDaily
Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy.


						
A Washington State University-led study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, also found that every region experienced power outages during these events in the past decade.

The findings, detailed in the journal Environmental Research Letters, suggest that using more renewable energy at these times could help offset increased power demand as more people and businesses turn on heaters or air conditioners.

"These extreme events are not going away anytime soon. In fact, every region in the U.S. experiences at least one such event nearly every year. We need to be prepared for their risks and ensure that people have reliable access to energy when they need it the most," said lead author Deepti Singh, a Washington State University climate scientist."Potentially, we could generate more power from renewable resources precisely when we have widespread extreme events that result in increased energy demand."

The study showed increased solar energy potential in all six U.S. regions during heat extremes, and in all but one region during cold ones, the area covered by the Texas-run grid. The researchers noted that atmospheric ridges or atmospheric high-pressure systems that cause intense heat, like the heat wave that hit the Pacific Northwest in 2021, are often characterized by cloudless, blue skies. Clear skies allow more of the sun's radiation to reach the Earth, which could be converted into power by solar panels.

Conditions for wind power were more variable, but at least three regions had increased potential to capture this type of energy during these hot and cold events: the Northeast during widespread cold, and both the Texas grid and a major Midwestern grid during heat waves.

For this analysis, Singh and her colleagues used long-term historical climate data along with power outage data from the U.S. Energy Information Administration. The researchers specifically looked at large heat and cold waves as opposed to localized events because they can impose greater stress across the entire power grid.




Previous research has shown that climate change is changing the characteristics of temperature extremes. Adding to that evidence, this analysis showed that large heat waves are increasing in frequency, particularly across the Western U.S. and Texas grids, rising by 123% and 132% respectively. In the West, they are also increasing in intensity, duration and extent, meaning that they are hotter, last longer and affect a larger area.

On the other hand, cold extremes are declining in frequency yet have remained mostly the same in terms of intensity, duration and extent. A notable example is the costly February 2021 cold wave that blanketed nearly the entire country. The event caused an estimated $24 billion in damage, including multiple days of power outages in Texas, and resulted in 226 deaths, according to a National Oceanic and Atmospheric Administration report.

Whether there were outages or not, all regions experience increased energy demand during such temperature extremes, and this strains their power grids, showing a need for alternate solutions.

Expanding solar and wind energy has the potential to improve the resilience of energy systems during extreme events to minimize service disruptions and associated adverse impacts, which are often felt the hardest among vulnerable, overburdened communities, said Singh. In addition to increasing climate resilience of the country's energy infrastructure, she also pointed out these renewable energy sources have multiple benefits.

"At the very least, solar and wind power do one other major thing: reduce air pollution that is associated with burning fossil fuels and is really bad for our health and the health of our ecosystems," she said. "Solar and wind are also conducive to having a more distributed energy system. They can be installed closer to communities where they're used, which can help advance energy equity and access."

This study identifies only the potential of solar and wind energy to help shore up power grids, the authors noted. More research and development would be needed to increase the resilience of energy grids to climate variability and extremes.

"There is complexity here because we have to think about vulnerabilities in transmission and distribution infrastructure as well as the environmental impact of expanding solar and wind systems, but hopefully these benefits can give us additional reasons to accelerate our transition towards renewable energy," said Singh. "There are also technological improvements that could help ensure that we can leverage renewable energy when it's needed. The capacity is there."

This study received support from the National Science Foundation and WSU.
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Looking to the past to prevent future extinction | ScienceDaily
During the Late Pleistocene, California -- at least at its lower elevations -- was teeming with vegetation. While much of North America was covered in Ice Age glaciers, here, mastodons lumbered across verdant meadows, stopping to feed on brush, warily eyeing the forest's edge for saber-tooth cats on the prowl for their calves.


						
Humans also flourished along the coastline, which extended hundreds of feet below where it is today.

But by 11,000 years ago, mastodons were extinct. Today, scientists are still debating the reasons for their demise: did human hunting do them in? Climate change? A cataclysmic event? Diminishing genetic diversity? Or some combination of factors?

Explaining what caused the extinctions of large animal species like the mastodon is often fraught due to the difficulty of piecing together an accurate picture of the past based on fragmentary evidence about the human and environmental pressures that may have contributed to their disappearance.

Now, San Diego State University researchers report in the journal Quaternary Research that they have created a computational model to help predict the likelihood of large animal extinctions. Their model accounts for the complexity of human-animal interactions, life history traits and environmental change and tests variations of these anthropogenic and environmental pressures.

The "megafauna hunting pressure model" could ultimately inform conservation management strategies and policy during a time when animal extinctions are skyrocketing, according to co-authors Miriam Kopels -- now a Ph.D. student at the University of Nevada, Las Vegas -- and Isaac Ullah, associate professor of anthropology.

"We have carefully crafted the model with understandings from anthropology and archaeology about human behavior and how humans interact with nature," said Ullah. "We're taking that knowledge and information and encapsulating it so that it can be applied to other cases."

Herds of giant buffalo




In developing their model, Kopels and Ullah turned to the case of Syncerus antiquus -- also called the Giant African buffalo -- a large grazing ungulate whose horns could reach nearly 10 feet from tip to tip. The species coexisted with humans for several hundred thousand years in Africa before going extinct between 12,000 and 10,000 years ago. There is no consensus in the scientific community about which factors contributed most to its extinction, according to the researchers.

"Some people have said these animals just died because of the climate changes associated with the end of the Ice Age, and other people are saying no, humans did it, and this debate has sort of raged with no clear winner, because both of those arguments are reasonable, both of them can be supported with the empirical evidence that exists," said Ullah.

In their case study, Kopels and Ullah considered how human behavior, the animal's behavior and demographics, and environmental factors interacted to form a social-ecological system which adapts to changes over time. They based some of their inputs on known life history characteristics of the Cape buffalo (Syncerus caffer) -- a related species which is still living today -- and adjusted them based on differences in the animals' sizes, for example.

They ran computer simulations to see how populations of Syncerus antiquus would fare under 24 scenarios involving different human hunting pressures and preferences and environmental conditions, including the patchiness of their grassland habitat and length of the growing season.

"If the animal was more like this and if people were doing hunting strategies more like that, and the climate was a little bit like this, what would happen? And we can tweak the variables as we do it, and actually understand the percentage of times that this hunting strategy in this climate, this environment, with this species is going to lead to an extinction event," said Ullah.

After running the simulations 40 times for each scenario, the researchers calculated the probability that a Syncerus antiquus population would go extinct.




Kopels and Ullah found that when male buffalo were aggressive -- leading hunters to target females instead -- localized extinction was much more likely. When the climate and food source were unreliable, extinction occurred more rapidly.

"Those particular animals are really important for the population dynamics," said Ullah. "If you reduce the number of breeding females by just a small amount, you disrupt the entire breeding cycle for these slow reproductive, large bodied animals, and just over a few decades that can have a really major impact."

The simulations show that extinction will not occur in every scenario where hunting pressure is high or environmental conditions are unfavorable, the researchers conclude in their paper -- whether looking at the paleoanthropological record or to the future. But certain combinations of these conditions will feedback on each other to enhance the likelihood of extinction, helping to explain why some species have gone extinct but not others.

"If you just change some parameters, you can create a version of the model that takes into account the reproductive biology of any animal," said Ullah.

Preventing future extinctions

Ullah is in the process of applying the model to heritage cattle in the American Southwest in order to develop an understanding of how to plan for sustainability under changing climatic conditions.

In the face of the current mass extinction crisis, he thinks it could also be applied to wildlife species at risk of extinction today, from black rhinos to desert tortoises, helping to identify tipping points where the species are most vulnerable, thus allowing conservationists to develop more effective strategies to protect them.

"We hope that conservation professionals will utilize this tool to simulate how predation, environmental constraints, and animal life history all interact to increase -- or decrease -- the odds of an extinction event," said Kopels.
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A new type of cooling for quantum simulators | ScienceDaily
Quantum experiments always have to deal with the same problem, regardless of whether they involve quantum computers, quantum teleportation or new types of quantum sensors: quantum effects break down very easily. They are extremely sensitive to external disturbances -- for example, to fluctuations caused simply by the surrounding temperature. It is therefore important to be able to cool down quantum experiments as effectively as possible.


						
At TU Wien (Vienna), it has now been shown that this type of cooling can be achieved in an interesting new way: A Bose-Einstein condensate is split into two parts, neither abruptly nor particularly slowly, but with a very specific temporal dynamic that ensures that random fluctuations are prevented as perfectly as possible. In this way, the relevant temperature in the already extremely cold Bose-Einstein condensate can be significantly reduced. This is important for quantum simulators, which are used at TU Wien to gain insights into quantum effects that could not be investigated using previous methods.

Quantum simulators

"We work with quantum simulators in our research," says Maximilian Prufer, who is researching new methods at TU Wien's Atomic Institute with the help of an Esprit Grant from the FWF. "Quantum simulators are systems whose behavior is determined by quantum mechanical effects and which can be controlled and monitored particularly well. These systems can therefore be used to study fundamental phenomena of quantum physics that also occur in other quantum systems, which cannot be studied so easily."

This means that a physical system is used to actually learn something about other systems. This idea is not entirely new in physics: for example, you can also carry out experiments with water waves in order to learn something about sound waves -- but water waves are easier to observe.

"In quantum physics, quantum simulators have become an extremely useful and versatile tool in recent years," says Maximilian Prufer. "Among the most important tools for realizing interesting model systems are clouds of extremely cold atoms, such as those we study in our laboratory." In the current paper published in Physical Review X, the scientists led by Jorg Schmiedmayer and Maximilian Prufer investigated how quantum entanglement evolves over time and how this can be used to achieve an even colder temperature equilibrium than before. Quantum simulation is also a central topic in the recently launched QuantA Cluster of Excellence, in which various quantum systems are being investigated.

The colder, the better

The decisive factor that usually limits the suitability of such quantum simulators at present is their temperature: "The better we cool down the interesting degrees of freedom of the condensate, the better we can work with it and the more we can learn from it," says Maximilian Prufer.




There are different ways to cool something down: For example, you can cool a gas by increasing its volume very slowly. With extremely cold Bose-Einstein condensates, other tricks are typically used: the most energetic atoms are quickly removed until only a collection of atoms remains, which have a fairly uniformly low energy and are therefore cooler.

"But we use a completely different technique," says Tiantian Zhang, first author of the study, who investigated this topic as part of her doctoral thesis at the Doctoral College of the Vienna Center for Quantum Science and Technology. "We create a Bose-Einstein condensate and then split it into two parts by creating a barrier in the middle." The number of particles which end up on the right side and on the left side of the barrier is undetermined. Due to the laws of quantum physics, there is a certain amount of uncertainty here. One could say that both sides are in a quantum-physical superposition of different particle number states.

"On average, exactly 50% of the particles are on the left and 50% on the right," says Maximilian Prufer. "But quantum physics says that there are always certain fluctuations. The fluctuations, i.e. the deviations from the expected value, are closely related to the temperature."

Cooling by controlling the fluctuations

The research team at TU Wien was able to show: neither an extremely abrupt nor an extremely slow splitting of the Bose-Einstein condensate is optimal. A compromise must be found, a cleverly tailored way to dynamically split the condensate, in order to control the quantum fluctuations as well as possible. This cannot be calculated: this problem cannot be solved using conventional computers. But with experiments, the research team was able to show: The appropriate splitting dynamics can be used to suppress the fluctuation in the number of particles, and this in turn translates into a reduction the temperature that you want to minimize.

"Different temperature scales exist simultaneously in this system, and we lower a very specific one of them," explains Maximilian Prufer. "So you can't think of it like a mini-fridge that gets noticeably colder overall. But that's not what we're talking about: suppressing the fluctuations is exactly what we need to be able to use our system as a quantum simulator even better than before. We can now use it to answer questions from fundamental quantum physics that were previously inaccessible."
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Not unique to humans but uniquely human: researchers identify factor involved in brain expansion in humans | ScienceDaily
What makes us human? According to neurobiologists it is our neocortex. This outer layer of the brain is rich in neurons and lets us do abstract thinking, create art, and speak complex languages. An international team led by Dr. Mareike Albert at the Center for Regenerative Therapies Dresden (CRTD) of TUD Dresden University of Technology has identified a new factor that might have contributed to neocortex expansion in humans. The results were published in the EMBO Journal.


						
The neocortex is the characteristic folded outer layer of the brain that resembles a walnut. It is responsible for higher cognitive functions such as abstract thinking, art, and language. "The neocortex is the most recently evolved part of the brain," says Dr. Mareike Albert, research group leader at the CRTD. "All mammals have a neocortex, but it varies in size and complexity. Human and primate neocortices have folds while, for example, mice have a completely smooth neocortex, without any creases."

The folds characteristic of the human brain increase the surface area of the neocortex. The human neocortex has a greater number of neurons that support complex cognitive functions.

The molecular mechanisms driving neocortex evolution are still largely unknown. "Which genes are responsible for inter-species differences in neocortex size? What factors have contributed to brain expansion in humans? Answering these questions is crucial to understanding human brain development and potentially addressing mental health disorders," explains Dr. Albert.

The Power of Brain Organoids

To search for factors influencing brain expansion, the Albert group compared developing brains of mice and humans. "Stem cells in mice don't divide as much and don't produce as many neurons compared to primates. Humans, on the other hand, have a large number of stem cells in the developing brain. This highly expanded pool of stem cells underlies the increase in number of neurons and brain size," explains Dr. Albert.

The team found a factor that is present in humans but not in mice. Using 3D cell culture technology, the group tested if the newly identified factor could influence the expansion of the neocortex. "Thanks to the research awarded with the Nobel prize in 2012, it is possible to turn any cell into a stem cell. Such a stem cell can then be transformed into a three-dimensional tissue that resembles an organ, e.g., a brain. Human stem cells make it possible to study development and diseases directly in human tissues," explains Dr. Albert.




These 3D brain cultures, or brain organoids, may not resemble brains to an untrained eye, but they mimic the cellular complexity of developing brains. "Most of the cell types of the developing brain are present. They interact, signal, and are similarly arranged as in an actual human brain," says Dr. Albert.

Using 3D brain organoids, the group was able to show that a growth factor, known as epiregulin, indeed promotes the division and expansion of stem cells in the developing brain.

All About the Amount

"Knowing that epiregulin drives expansion of human neocortical stem cells, we looked back at the gene that codes for epiregulin and tried to trace it through the evolutionary tree," says study lead author Paula Cubillos, a doctoral candidate at the CRTD. The gene is not unique to humans, but also present in other primates and even in mice. "Epiregulin is not produced in the developing mouse brain, however, because the gene is permanently shut off and not being used. We were intrigued to understand whether there are any differences in how epiregulin works in humans and other primates," explains Paula Cubillos.

The researchers turned again to the 3D culture technology. Using gorilla stem cells, the researchers generated gorilla brain organoids. "Gorillas are endangered species. We know very little about their brain development. Organoids made from stem cells offer a way to study their brain development without interacting with the species at all," says Dr. Albert.

Comparing the effect of epiregulin in human and gorilla brain organoids, the team found that adding epiregulin to gorilla brain organoids can further promote the expansion of stem cells. However, adding even more epiregulin to human brain organoids did not have the same effect. This might be because the human neocortex has already expanded to a very large extent.

"Unlike previously identified factors, epiregulin as such seems not to be unique to humans. Instead, the amount of the growth factor seems to be the crucial regulator for the inter-species differences," concludes Dr. Albert.

This study not only advances our understanding of human uniqueness but also highlights the importance of new technologies that offer ethical and non-invasive complements to animal research.

The study was performed in collaboration with King's College London, the Medical Faculty Carl Gustav Carus of TU Dresden, the Max Planck Institute of Molecular Cell Biology and Genetics, and Hannover Medical School.
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Popular obesity drugs may lead to medical procedure complications | ScienceDaily
New research from Cedars-Sinai suggests people who are scheduled for certain medical procedures should stop taking popular weight loss drugs in the days or weeks prior to avoid complications.


						
Investigatorsfound glucagon-like peptide-1 receptor agonists (GLP-1RAs) -- medications like Ozempic and Wegovy that are used to treat diabetes and obesity -- are associated with an increased risk of aspiration pneumonia following endoscopy. The large, population-based study is published in the leading peer-reviewed journal Gastroenterology.

Aspiration pneumonia is caused by inhaling foreign materials -- including food in the stomach, or secretions from the mouth and nose -- into the lungs. Endoscopy is a medical procedure in which a physician puts a tube-like scope down a patient's throat and into the body to look inside.

One way the new obesity medications work is by slowing digestion, so people feel full longer, causing them to eat less. This also means that food sits in the stomach longer. As a result, the stomach may not empty completely during the usual duration of fasting that is recommended ahead of a surgical procedure to decrease risk of aspiration, explained the study's corresponding author, Ali Rezaie, MD, medical director of the GI Motility Program and director of bioinformatics at the MAST Program at Cedars-Sinai.

"Aspiration during or after endoscopy can be devastating," Rezaie said. "If significant, it can lead to respiratory failure, ICU admission and even death. Even mild cases may require close monitoring, respiratory support and medications including antibiotics. It is important we take all possible precautions to prevent aspiration from occurring."

The study analyzed data from nearly 1 million de-identified U.S. patients who underwent upper or lower endoscopy procedures between January 2018 and December 2020. Patients who were prescribed GLP-1RA medications had a 33% higher chance of experiencing aspiration pneumonia than those who did not take these medications before the procedure. This comparison also considered other variables that could influence the outcome to ensure a fair comparison between the two groups.

"When we apply this risk to the more than 20 million endoscopies that are performed in the U.S. each year, there may actually be a large number of cases where aspiration could be avoided if the patient safely stops their GLP-1RA medication in advance," Rezaie said.

"The results of this study could change clinical practice," said Yee Hui Yeo, MD, first author of the study and a clinical fellow in the Karsh Division of Gastroenterology and Hepatology at Cedars-Sinai. "Patients taking these medications who are scheduled to undergo a procedure should communicate with their healthcare team well in advance to avoid unnecessary and unwanted complications."
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New enzymatic cocktail can kill tuberculosis-causing mycobacteria | ScienceDaily
With resistance to chemical antibiotics on the rise, the world needs entirely new forms of antibiotics. A new study published in Microbiology Spectrum, a journal of the American Society for Microbiology, shows that an enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis. The research was carried out by scientists at Colorado State University and Endolytix Technologies.


						
"We have a mycobacterial drug that works for Nontuberculous Mycobacteria and M. tuberculosis that is biological, not phage therapy, and not small molecule antibiotics," said Jason Holder, Ph.D., a study coauthor and Founder and Chief Science Officer at Endolytix Technology. "Mycobacterial infections are particularly hard to treat due to poor efficacy with standard of care drugs that are used in multidrug regimens resulting in significant toxicities and treatments lasting 6 months to years. This is often followed up by reemergence of the bacterial infection after a year of testing negative."

In the new proof of principle study, the researchers took a biological approach instead of a chemical one to develop a cocktail of enzymes that attack the cell envelope of mycobacteria. The cocktail of enzymes contains highly specific biochemical catalysts that target and degrade the mycobacteria cell envelope that is essential for mycobacterial viability. To increase efficacy, the researchers delivered the enzymatic drug inside of host macrophages where mycobacteria grow. In laboratory experiments, the drug was effective against M. tuberculosis and Nontuberculous Mycobacteria (NTMs), both lethal pulmonary lung diseases (PD). TB kills roughly 1.5 million people per year.

"We characterized the mechanism of bactericide as through shredding of the bacterial cells into fragments," Holder said. "We've shown we can design and develop biological antibiotics and deliver them to the sites of infection through liposomal encapsulation. By combining drug delivery science with enzymes that lyse bacteria, we hope to open up treatment options in diseases such as NTM pulmonary disease, tuberculosis pulmonary disease and others."

According to study coauthor Richard Slayden, Ph.D., a professor in the Department of Microbiology, Immunology and Pathology at Colorado State University, the new therapy complements current standard-of-care drugs and does not have many of the drug-drug interactions that are problematic with many anti-mycobacterial drugs in use. "Endolytix enzymes work powerfully with standard-of-care antibiotics to kill bacteria with lower drug concentrations," Holder said. "This has the potential to reduce the significant toxicities associated with multi-drug regimens that are the standard for mycobacterial infections and hopefully lead to more rapid cures."
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Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole | ScienceDaily
A new image from the Event Horizon Telescope (EHT) collaboration -- which includes scientists from the Center for Astrophysics | Harvard & Smithsonian (CfA) -- has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black holes. This similarity also hints toward a hidden jet in Sgr A*. The results were published today in The Astrophysical Journal Letters.


						
Scientists unveiled the first image of Sgr A* -- which is approximately 27,000 light-years away from Earth -- in 2022, revealing that while the Milky Way's supermassive black hole is more than a thousand times smaller and less massive than M87's, it looks remarkably similar. This made scientists wonder whether the two shared common traits outside of their looks. To find out, the team decided to study Sgr A* in polarized light. Previous studies of light around M87* revealed that the magnetic fields around the black hole giant allowed it to launch powerful jets of material back into the surrounding environment. Building on this work, the new images have revealed that the same may be true for Sgr A*.

"What we're seeing now is that there are strong, twisted, and organized magnetic fields near the black hole at the center of the Milky Way galaxy," said Sara Issaoun, CfA NASA Hubble Fellowship Program Einstein Fellow, Smithsonian Astrophysical Observatory (SAO) astrophysicist, and co-lead of the project. "Along with Sgr A* having a strikingly similar polarization structure to that seen in the much larger and more powerful M87* black hole, we've learned that strong and ordered magnetic fields are critical to how black holes interact with the gas and matter around them."

Light is an oscillating, or moving, electromagnetic wave that allows us to see objects. Sometimes, light oscillates in a preferred orientation, and we call it "polarized." Although polarized light surrounds us, to human eyes it is indistinguishable from "normal" light. In the plasma around these black holes, particles whirling around magnetic field lines impart a polarization pattern perpendicular to the field. This allows astronomers to see in increasingly vivid detail what's happening in black hole regions and map their magnetic field lines.

"By imaging polarized light from hot glowing gas near black holes, we are directly inferring the structure and strength of the magnetic fields that thread the flow of gas and matter that the black hole feeds on and ejects," said Harvard Black Hole Initiative Fellow and project co-lead Angelo Ricarte. "Polarized light teaches us a lot more about the astrophysics, the properties of the gas, and mechanisms that take place as a black hole feeds."

But imaging black holes in polarized light isn't as easy as putting on a pair of polarized sunglasses, and this is particularly true of Sgr A*, which is changing so fast that it doesn't sit still for pictures. Imaging the supermassive black hole requires sophisticated tools above and beyond those previously used for capturing M87*, a much steadier target. CfA postdoctoral fellow and SAO astrophysicist Paul Tiede said, "It is exciting that we were able to make a polarized image of Sgr A* at all. The first image took months of extensive analysis to understand its dynamical nature and unveil its average structure. Making a polarized image adds on the challenge of the dynamics of the magnetic fields around the black hole. Our models often predicted highly turbulent magnetic fields, making it extremely difficult to construct a polarized image. Fortunately, our black hole is much calmer, making the first image possible."

Scientists are excited to have images of both supermassive black holes in polarized light because these images, and the data that come with them, provide new ways to compare and contrast black holes of different sizes and masses. As technology improves, the images are likely to reveal even more secrets of black holes and their similarities or differences.




Michi Baubock, postdoctoral researcher at the University of Illinois Urbana-Champaign, said, "M87* and Sgr A* are different in a few important ways: M87* is much bigger, and it's pulling in matter from its surroundings at a much faster rate. So, we might have expected that the magnetic fields also look very different. But in this case, they turned out to be quite similar, which may mean that this structure is common to all black holes. A better understanding of the magnetic fields near black holes helps us answer several open questions -- from how jets are formed and launched to what powers the bright flares we see in infrared and X-ray light."

The EHT has conducted several observations since 2017 and is scheduled to observe Sgr A* again in April 2024. Each year, the images improve as the EHT incorporates new telescopes, larger bandwidth, and new observing frequencies. Planned expansions for the next decade will enable high-fidelity movies of Sgr A*, may reveal a hidden jet, and could allow astronomers to observe similar polarization features in other black holes. Meanwhile, extending the EHT into space will provide sharper images of black holes than ever before.

The CfA is leading several major initiatives to sharply enhance the EHT over the next decade. The next-generation EHT (ngEHT) project is undertaking a transformative upgrade of the EHT, aiming to bring multiple new radio dishes online, enable simultaneous multi-color observations, and increase the overall sensitivity of the array. The ngEHT expansion will enable the array to make real-time movies of supermassive black holes on event horizon scales. These movies will resolve detailed structure and dynamics near the event horizon, bringing into focus "strong-field" gravity features predicted by General Relativity as well as the interplay of accretion and relativistic jet-launching that sculpts large-scale structures in the Universe. Meanwhile, the Black Hole Explorer (BHEX) mission concept will extend the EHT into space, producing the sharpest images in the history of astronomy. BHEX will enable the detection and imaging of the "photon ring" -- a sharp ring feature formed by strongly lensed emission around black holes. The properties of a black hole are imprinted on the size and shape of the photon ring, revealing masses and spins for dozens of black holes, in turn showing how these strange objects grow and interact with their host galaxies.

The individual telescopes involved in the EHT in April 2017, when the observations were conducted, were: the Atacama Large Millimeter/submillimeter Array (ALMA), the Atacama Pathfinder Experiment (APEX), the IRAM 30-meter Telescope, the James Clerk Maxwell Telescope (JCMT), the Large Millimeter Telescope Alfonso Serrano (LMT), the Submillimeter Array (SMA), the UArizona Submillimeter Telescope (SMT), the South Pole Telescope (SPT).

Since then, the EHT has added the Greenland Telescope (GLT), which is operated by ASIAA and the CfA, the NOrthern Extended Millimeter Array (NOEMA) and the UArizona 12-meter Telescope on Kitt Peak to its network.
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Safer, more efficient drug discovery | ScienceDaily
McGill researchers have discovered a safer and more efficient technique for testing new drugs while they are in development.


						
"Because this approach is so much more streamlined, it could help accelerate this step in the drug development process and make it less dangerous, since probing the distribution and fate of a drug in the body is required for any pharmaceutical candidate to be approved," says Bruce A. Arndtsen, a James McGill Professor who teaches in the Department of Chemistry at McGill and is the senior author on the paper describing the new process, published recently in Nature Chemistry.

"This research replaces what can be a days' long, dangerous and costly process with a simple and safe one requiring only a few hours," adds Jose Zgheib, a PhD candidate in the Arndtsen Group at McGill University who worked on the project.

Making sure medication reaches its target

Before a drug makes it to market it is tested to make sure that the molecules reach the appropriate areas of the body. This is typically done by adding a radioactive atom (e.g. carbon-14) to the drug so that its movement through the body can be traced. A bit like a GPS can be used to track the movements of animals.

Improving on a complicated and dangerous process

But to do so currently involves a complicated, multi-step, process whereby the carbon-14 atom is provided in the form of radioactive carbon monoxide or carbon dioxide gases, which are both very difficult and dangerous to work with. The gas is then incorporated into the synthesis of the medication being tested thereby making one of its carbon atoms carbon-14.

A molecular quick switch

McGill researchers have developed a new technique to incorporate the carbon-14 into the drug candidates in a single step. By using a catalyst, they have been able to exchange a carbon already in the drug (in the form of a carboxylic acid) with a carbon-14 from a similar type of donor molecule. More generally, the group's work in the area highlights a potentially powerful emerging approach to directly modify pharmaceuticals via metal catalyzed exchange reactions.
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Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs' | ScienceDaily
A new study is shaking up what scientists thought they knew about distant objects in the far reaches of the solar system, starting with an object called the space snowman.


						
Researchers from Brown University and the SETI Institute found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago. But that's just the beginning of their findings.

Using a new model they developed to study how comets evolve, the researchers suggest this feat of perseverance isn't unique to Arrokoth but that many objects from the Kuiper Belt -- which lies at the outermost regions of the solar system and dates back to the early formation of the solar system around 4.6 billion years ago -- may also contain the ancient ices they formed with.

"We've shown here in our work, with a rather simple mathematical model, that you can keep these primitive ices locked deep within the interiors of these objects for really long times," said Sam Birch, a planetary scientist at Brown and one of the paper's co-authors. "Most of our community had thought that these ices should be long lost, but we think now that may not be the case."

Birch describes the work in the journal Icarus with co-author Orkan Umurhan, a senior research scientist at the SETI Institute.

Until now, scientists had a hard time figuring out what happens to ices on these space rocks over time. The study challenges widely used thermal evolutionary models that have failed to account for the longevity of ices that are as temperature sensitive as carbon monoxide. The model the researchers created for the study accounts for this change and suggests that the highly volatile ices in these objects stick around much longer than was previously thought.

"We are basically saying that Arrokoth is so super cold that for more ice to sublimate -- or go directly from solid to a gas, skipping the liquid phase within it -- that the gas it sublimates into first has to have travel outwards through its porous, sponge-like interior," Birch said. "The trick is that to move the gas, you also have to sublimate the ice, so what you get is a domino effect: it gets colder within Arrokoth, less ice sublimates, less gas moves, it gets even colder, and so on. Eventually, everything just effectively shuts off, and you're left with an object full of gas that is just slowly trickling out."

The work suggests that Kuiper Belt objects can act as dormant "ice bombs," preserving volatile gases within their interiors for billions of years until orbital shifts bring them closer to the sun and the heat makes them unstable. This new idea could help explain why these icy objects from the Kuiper Belt erupt so violently when they first get closer to the sun. All of a sudden, the cold gas inside them rapidly gets pressurized and these objects evolve into comets.




"The key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan, Birch's co-author on the paper. "This study could be the initial mover for reevaluating the comet interior evolution and activity theory."

Altogether, the study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. Birch and Umurhan are co-investigators in NASA's Comet Astrobiology Exploration Sample Return (CAESAR) mission to acquire at least 80 grams of surface material from the comet 67P/Churyumov-Gerasimenko and return it to Earth for analysis.

The results from this study could help guide CAESAR's exploration and sampling strategies, helping to deepen our understanding of cometary evolution and activity.

"There may well be massive reservoirs of these primitive materials locked away in small bodies all across the outer solar system -- materials that are just waiting to erupt for us to observe them or sit in deep freeze until we can retrieve them and bring them home to Earth," Birch said.
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Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy | ScienceDaily
Purdue University researchers are developing and validating patent-pending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP, to enhance immunotherapy effects against malignant tumors.


						
The nanoparticles slowly release drugs that induce immunogenic cell death, or ICD, in tumors. ICD generates tumor antigens and other molecules to bring immune cells to a tumor's microenvironment. The researchers have attached ATP to the nanoparticles, which also recruits immune cells to the tumor to initiate anti-tumor immune responses.

Yoon Yeo leads a team of researchers from the College of Pharmacy, the Metabolite Profiling Facility in the Bindley Bioscience Center, and the Purdue Institute for Cancer Research to develop the nanoparticles. Yeo is the associate department head and Lillian Barboul Thomas Professor of Industrial and Molecular Pharmaceutics and Biomedical Engineering; she is also a member of the Purdue Institute for Drug Discovery and the Purdue Institute for Cancer Research.

The researchers validated their work using paclitaxel, a chemotherapy drug used to treat several types of cancers. They found that tumors grew slower in mice treated with paclitaxel enclosed within ATP-modified nanoparticles than in mice treated with paclitaxel in non-modified nanoparticles.

"When combined with an existing immunotherapy drug, the ATP-modified, paclitaxel-loaded nanoparticles eliminated tumors in mice and protected them from rechallenge with tumor cells," Yeo said.

The research has been published in the peer-reviewed journal ACS Nano.

Challenges to systemic immunotherapy delivery

Immunotherapy is a promising approach to fighting cancer, but Yeo said it does not benefit a large population of patients because they do not have the powerful immune cells needed to combat tumors.




"Pharmacological agents to activate immune cells can directly be given to tumors," Yeo said. "Then the immune system can fight not only the treated tumors but also nontreated tumors in distant locations as the activated immune cells circulate in the bloodstream."

However, Yeo said most tumors with poor prognoses are not always locatable or accessible. Therefore, they may not be effectively treated by local therapy. She and her team envisioned systemic delivery of immunotherapy, but there are challenges.

"For successful systemic administration, active ingredients that stimulate anti-tumor immune responses need to be simultaneously present in tumors to exert concerted effects on the target," Yeo said. "The ingredients also must maintain their activity until they reach tumors, but not cause toxic off-target effects. Moreover, the carriers traditionally used in local drug delivery offer limited utility in systemic application because they may not be compatible with blood components."

Yeo and her colleagues used biocompatible polymeric nanoparticles to deliver immunotherapy compounds and modified them to safely activate the immune system.

"We employed poly (lactic-co-glycolic acid), or PLGA, nanoparticles based on the strong track record of the polymer in FDA-approved products and its routine use in the systemic delivery of poorly water-soluble drugs," Yeo said.

Tests verified the ATP-modified PLGA nanoparticles were well tolerated in mice upon multiple systemic injections. They were able to recruit dendritic cells, the immune cells that recognize tumor antigens and bring specialized immune cells to fight off tumors.




"Moreover, the nanoparticles were shown to control the release of paclitaxel to minimize its systemic toxicity," Yeo said.

The next development steps

Yeo and her colleagues will continue their work on the ATP-modified nanoparticles.

"We are currently working on improving the delivery of the nanoparticles to tumors and combining them with other treatments that will circumvent the resistance to the nanoparticle-delivered immunotherapy," Yeo said. "To finance these efforts, we will apply for continued support from the National Institutes of Health. We are also open to industry partnerships to take this technology to the clinic." Yeo and the research team received funding from the National Institutes of Health, the National Center for Advancing Translational Sciences, the Indiana Clinical and Translational Sciences Institute, and the Purdue Institute for Cancer Research.
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Researchers discover a mechanism that could improve platinum-based cancer therapy | ScienceDaily
Researchers have identified a protein that, when targeted, enables cisplatin-resistant cancer cells to become responsive to treatment. Cisplatin, and other similar platinum drugs, are incredibly effective at killing rapidly growing cancer cells, which is why they have been used in treating cancers for over 45 years. However, these drugs are non-targeted and can cause debilitating toxic side effects, resulting in a diminished lifestyle, and patients in poor health are deemed ineligible for use.


						
In a study, published today in Cancer Research, a journal of the American Association for Cancer Research, researchers say they have discovered that the protein puromycin-sensitive aminopeptidase (NPEPPS) plays a role in regulating response to platinum chemotherapy in patients with bladder cancer.

"We found that this protein is a driver in resistance to platinum therapy. If we remove it experimentally or pharmacologically, we can re-sensitize the cancer cells to their pre-resistant level of response," says James Costello, PhD, co-corresponding author and associate professor at the University of Colorado Anschutz Medical Campus.

Costello and co-authors aimed to understand why most bladder cancer patients do not respond well to platinum-based drug regimens. By identifying the role NPEPPS plays, researchers were then able to genetically disrupt the function of NPEPPS, ultimately making cancer cells more responsive to platinum drugs.

"Our multi-omic assessment, including the use of tiny organoids derived from patients' bladder cancer samples, yielded findings that could make this effective treatment an option for many more patients," said Dan Theodorescu, MD, PhD, director of Cedars-Sinai Cancer, the PHASE ONE Foundation Distinguished Chair at Cedars-Sinai and co-corresponding author of the study.

Theodorescu added that the approach is an example of how precision medicine is leading the change in how cancer is treated by defining cancer vulnerabilities such as NPEPPS that can be targeted with small molecules and used in combination with cisplatin. Indeed, the Theodorescu and Costello laboratories are doing just that.

"This novel therapeutic approach could allow the administration of lower platinum drug doses, potentially decreasing debilitating side effects while also making platinum-based therapies more effective," says Costello, also with the CU Cancer Center. He points to next steps in utilizing this new approach in hopes of expanding its use to other cancers.

"A high percentage of all cancer patients will see a platinum drug in their treatment. Our work opens the door for extending these findings to other cancer types. Our goal is to help platinum-based agents be more effective in many clinical settings."
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The serious side of kid and canine play | ScienceDaily
With two-thirds of children in the U.S. failing to meet national physical activity guidelines, kinesiologists at the University of Massachusetts Amherst have been looking at the impact of the family dog on the exercise habits of kids.


						
Could having a canine best friend get kids on their feet and help bring them more in line with the minimum recommendation of 60 minutes of moderate to vigorous physical activity every day?

A preliminary UMass Amherst study in 2022, reported in a recent issue of the Journal for the Measurement of Physical Behaviour, tested and validated a new approach for measuring dog-facilitated physical activity among kids.

The study, involving 12 children, found that about 20% of their daily physical activity came from time in close proximity with the family dog. Now a larger study, aimed at including a more diverse population, is underway.

The UMass Behavioral Medicine Lab, directed by exercise scientist Katie Potter, studies ways to help people become more active, with a current focus on children and dogs. An assistant professor of kinesiology in the School of Public Health and Health Sciences, Potter is looking for families with kids and one or more dogs to wear ActiGraph accelerometers, with a Bluetooth feature that measures proximity, as they go about their routine life.

This time, there is an option for participants to complete the weeklong study remotely, allowing families outside of Western Massachusetts to take part.

"There are so many ways we might leverage the human-dog bond to promote physical activity in kids, but first we need to understand how much physical activity dog-owning kids get with their dogs," Potter says.




Interested families can fill out a screening survey to see if they qualify to participate. The study will include children between 7 and 10 years old, and a dog who has been with the family at least six months.

"Our preliminary study was the first time that this type of research had been done specifically quantifying physical activity with the dog and the kid in proximity together," says Colleen Chase, lead author of the recent paper and a doctoral student in Potter's lab. "We're interested in replicating that study to see whether that 20% value holds at a significant sample size of participants."

Research has shown that children get more exercise when it is enjoyable, motivational and involves social interaction. "If a child has a dog and is bonded with the dog, that's going to lead to greater enjoyment of whatever activity they are partaking in. And having a dog is a form of social support," says Chase, who is leading this research study as part of her doctoral dissertation. "So, we see the way this lines up nicely with what other studies have shown is going to promote kids being more active."

Chase says if the research continues to show that dogs have a positive impact on the physical activity of children, researchers can look for ways to involve kids who don't have a family dog. "There's a financial and time burden associated with pet ownership, and we acknowledge that," Chase says.

She could envision dog-walking programs in animal shelters or after-school programs involving dog play to expand access to the benefits of hanging out with a dog.

"This is a pretty concerning issue in the United States right now," Chase says of physical inactivity among kids. "That's why we're trying to get creative with methods to address this. It's a very wholesome line of research. You know, we're working with kids. We're working with dogs. But we do have these larger, significant health problems that we are working to address through this research."
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What if the heavy rain would have fallen 50 kilometers away? | ScienceDaily
Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience. In a recent study, a team of researchers led by Bruno Merz and Sergiy Vorogushyn from the GFZ German Research Centre for Geosciences proposes a new strategy to motivate society to discuss appropriate risk management strategies: They are developing a series of hypothetical extreme flooding scenarios in Germany by shifting previously observed precipitation events by a few tens of kilometres in space and then calculating their effects using a flood model. 


						
Such scenarios are not improbable, as the actual precipitation could have fallen several dozen kilometres away. This results in events that are more than twice as severe as the most devastating flood in Germany since 1950. It also shows that regions spared in the past cannot feel safe, as they could also have been hit hard by destruction. The results were published in the journal Environmental Research Letters.

Background: Not well prepared for extraordinary events

Flooding affects more people globally than any other natural hazard. The July 2021 floods in Western Europe alone caused more than 220 fatalities and damage totalling almost EUR 50 billion. Despite tremendous impacts of exceptional floods in recent decades and their predicted, more frequent occurrence in the future, society is often unwilling to discuss and prepare for such events.

Surveys have shown that people find it difficult to empathise with events that they have not experienced themselves: They are then not good at predicting the negative effects of severe flooding. And they tend to judge the likelihood of an event by how easily they can imagine it. In addition, people and organisations generally find it difficult to think about threatening prospects and feel uncomfortable planning for situations that would harm themselves.

As a result, society is often surprised and little prepared when events occur that are more serious than what they have previously experienced -- with catastrophic consequences1. "The lack of preparedness to think about and prepare for exceptional flooding is worrying, as exceptional events are expected to occur more frequently in a warmer world. Hence, there is a need to develop exceptional scenarios which can also be understood by non-experts," says Bruno Merz, Head of the Hydrology Section at the GFZ German Research Centre for Geosciences in Potsdam and Professor of Hydrology at the University of Potsdam.

New approach: virtual spatial displacement of past extreme events

The severity of an event is often described in terms of return periods, such as the 100-year or 1000-year flood. This expresses the fact that an event of this severity only occurs on average every 100 or 1000 years. The probability of this occurring in a given year is therefore 1:100 or 1:1000. However, this concept is not easily accessible to laypeople.




Instead, the research team led by Bruno Merz and Sergiy Vorogushyn, senior scientist in the GFZ Hydrology Section, proposes using alternative spatial scenarios. These so-called counterfactual scenarios are alternative possibilities for past events, i.e. scenarios that did not occur but could have happened. To develop them, the researchers shift the precipitation fields of past floods and simulate the consequences that would have resulted if the paths of the low-pressure areas that caused them had taken a different route.

"We assume that it is easy for even laypeople to understand that a low-pressure system that caused heavy rain in a certain region could have developed slightly differently. As a result, a region that was spared at the time could have been hit and an affected region could have been hit much harder -- so they were just lucky at the time," explains Merz.

For their study, the researchers selected the ten most damaging floods in Germany since 1950 and shifted the rainfall at that time to three distances -- 20, 50 and 100 kilometres -- and eight directions. Such shifts are well justified in view of the mechanisms involved: The paths of precipitation-forming low-pressure systems are dominated by non-linear interactions on scales of [?]1,000 kilometres or more. Therefore, the precipitation fields of individual events can also develop differently if the overall meteorological situation is slightly different. These 24 counterfactual precipitation events for each of the ten largest disasters were fed into a flood model in order to quantify the severity of the flood for the corresponding regions in Germany.

Results using the example of the Christmas flood of 1993 

It turned out that the shift in precipitation can lead to much more severe flooding than the actual event. The Christmas floods of 1993 serve as an example:

Widespread and partially extreme precipitation in December 1993 led to flooding along the Middle and Lower Rhine at Christmas 1993, leading to several fatalities and inundations in three federal states. In Cologne alone, more than 13,500 households were affected. A counterfactual flood results here from a shift in the precipitation field by 50 kilometres towards the north-east. If the rain would have fallen there, many of the flood-hit locations would have been affected harder. And, in addition, many locations that have been spared from havoc would have been hit by river water levels surpassing flood defences.




Areas in the Weser river basin, that was only mildly affected in 1993, for example, would have experienced floods greater than the 100-year flood. Overall, the counterfactual scenarios generate peak discharges at more than 70 per cent of the 516 river gauges across Germany considered in this study that exceed the record floods currently recorded there.

Outlook: Utilising counterfactual scenarios for risk management

"Given that risk management tends to focus on the largest observed floods, the ease with which our approach generates many new flood-of-records is disturbing," summarises Merz.

"Our new approach is able to generate plausible exceptional scenarios that could be used to communicate flood risk to lay people and support flood risk management. Although damages cannot completely be prevented when exceptional floods occur, risk management can limit disastrous impacts," adds Sergiy Vorogushyn.

For example, forecasting, early warning and evacuation schemes can prevent fatalities. Spatial planning and infrastructure management can ensure that sensitive infrastructure such as care homes for the elderly and critical infrastructure such as power stations are either not located in hazardous zones or are protected against inundation.

In addition, infrastructure management can design backup and redundancy measures for continuous operation during inundation and develop measures that enable a rapid return to minimum service levels if a failure cannot be prevented.
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Biologists uncover new species of tiger beetle: Eunota houstoniana | ScienceDaily
Rice University evolutionary biologist Scott Egan and his research team have unearthed a new species of tiger beetle, deemed Eunota houstoniana, honoring the Houston region where it predominantly resides.


						
The team employed cutting-edge genetic sequencing technology alongside traditional measurements of their physical appearance and geographic range data to redefine species boundaries within the Eunota circumpicta species complex. This approach, known as integrative taxonomy, allowed them to identify distinct biological entities previously overlooked.

The study is published online in  Nature Scientific Reports.

"It is amazing that within the city limits of Houston, we still don't know all the species of insects or plants we share our region with," Egan said. "I'm always interested in learning more about the biodiversity of the Gulf Coast."

The Eunota houstoniana was once considered synonymous with the more common Eunota circumpicta, but the team's research revealed significant differences, emphasizing the need for a refined process to species delineation.

Eunota houstoniana exhibits distinct genetic and physical characteristics. It is slightly smaller in size, its metallic coloring is more subdued, and it has unique behavior and habitat preferences.

Moreover, the new species gravitates towards saline soils often found near salt domes and oil extraction sites along the Gulf Coast. Its habitat ranges from coastal regions to inland areas, showcasing its adaptability and ecological significance.




The discovery of Eunota houstoniana underscores the urgency of biodiversity conservation. Its habitats are increasingly jeopardized by urbanization and agricultural or industrial activities, and although newly discovered, Eunota houstoniana is likely a threatened species, according to Egan.

"Because of all the growth around Houston, some of these populations have likely gone extinct while others have been hiding right out our back door," Egan said.

Egan's research team for Eunota houstoniana includes lead author Dan Duran, department of environmental science at Rowan University; Robert Laroche, ecology and evolutionary biology Ph.D. student at Rice; Ethan Bull, undergraduate student at Rice; David Herrmann from Dallas; Will Godwin from Sam Houston State University; and Steve Roman, collection of arthropods at Florida State University.

In a related project, Egan and Laroche recently described another new species from the same genus, the Eunota luecophasma, or the white ghost tiger beetle from West Texas, further highlighting the diversity and importance of these creatures in our region.

"Hopefully, our integrative approach to species delimitation becomes the standard for the field of biology, where, unfortunately, many organisms have not had the same level of attention that the charismatic tiger beetles have had," Laroche said.

Eunota houstoniana marks the 17th new species described by Egan and his collaborators during his 11 years at Rice. His work at Rice since 2013 has been instrumental in uncovering and describing previously unknown insect species in the state.

In Texas, there are around 62 known species of tiger beetles, but that is likely an underestimate of the diversity that exists, according to Egan. By identifying and documenting such species, researchers like those in Egan's laboratory provide essential groundwork for conservation efforts.
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Couples with similar drinking habits may live longer | ScienceDaily
The couple that drinks together might live longer together, too, says a University of Michigan researcher.


						
In a recent study published in The Gerontologist, Kira Birditt, research professor at the U-M Institute for Social Resarch's Survey Research Center, found that couples who are concordant in their drinking behavior (that is, both members drink alcohol) tend to live longer.

She says a theory in alcohol literature called "the drinking partnership," where couples who have similar patterns of alcohol use tend to have better marital outcomes (such as less conflict and longer marriages), was the inspiration behind the study.

Although a great deal of research has examined the implications of couples' drinking patterns for marital outcomes, the implications for health are less clear. Behaviors that are good for marriage are not necessarily good for health, Birditt says.

"The purpose of this study was to look at alcohol use in couples in the Health and Retirement Study and the implications for mortality," she said. "And we found, interestingly, that couples in which both indicated drinking alcohol in the last three months lived longer than the other couples that either both indicated not drinking or had discordant drinking patterns in which one drank and the other did not."

And while it may sound like that's a recommendation to drink more with your spouse, Birditt cautions against that reading.

The study specifically looked at drinking patterns and defined "drinking" very broadly, examining whether or not a participant had had a drink within the last three months. However, it may suggest the importance of remembering how spouses can impact each other's health. Drinking concordance among couples may be a reflection of compatibility among partners in their lifestyles, intimacy and relationship satisfaction.




"We've also found in other studies that couples who drink together tend to have better relationship quality, and it might be because it increases intimacy," Birditt said.

That impact might merit further study. Birditt would like to explore further questions related to couples' alcohol consumption and how it affects their relationship.

"We don't know why both partners drinking is associated with better survival. I think using the other techniques that we use in our studies in terms of the daily experiences and ecological momentary assessment questionnaires could really get at that to understand, for example, focusing on concordant drinking couples," she said. "What are their daily lives like? Are they drinking together? What are they doing when they are drinking?

"There is also little information about the daily interpersonal processes that account for these links. Future research should assess the implications of couple drinking patterns for daily marital quality, and daily physical health outcomes."

The Health and Retirement study is a nationally representative study of adults aged 50 and older in the United States. It includes couples who are interviewed every two years. Participants included 4,656 married/cohabiting different-sex couples (9,312 individuals) who completed at least three waves of the HRS from 1996 to 2016.
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Implantable batteries can run on the body's own oxygen | ScienceDaily
From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers in China devised an implantable battery that runs on oxygen in the body. The study, published March 27 in the journal Chem, shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.


						
"When you think about it, oxygen is the source of our life," says corresponding author Xizheng Liu, who specializes in energy materials and devices at Tianjin University of Technology. "If we can leverage the continuous supply of oxygen in the body, battery life won't be limited by the finite materials within conventional batteries."

To build a safe and efficient battery, the researchers made its electrodes out of a sodium-based alloy and nanoporous gold, a material with pores thousands of times smaller than a hair's width. Gold has been known for its compatibility with living systems, and sodium is an essential and ubiquitous element in the human body. The electrodes undergo chemical reactions with oxygen in the body to produce electricity. To protect the battery, the researchers encased it within a porous polymer film that is soft and flexible.

The researchers then implanted the battery under the skin on the backs of rats and measured its electricity output. Two weeks later, they found that the battery can produce stable voltages between 1.3 V and 1.4 V, with a maximum power density of 2.6 mW/cm2. Although the output is insufficient to power medical devices, the design shows that harnessing oxygen in the body for energy is possible.

The team also evaluated inflammatory reactions, metabolic changes, and tissue regeneration around the battery. The rats showed no apparent inflammation. Byproducts from the battery's chemical reactions, including sodium ions, hydroxide ions, and low levels of hydrogen peroxide, were easily metabolized by the body and did not affect the kidneys and liver. The rats healed well after implantation, with the hair on their back completely regrown after four weeks. To the researchers' surprise, blood vessels also regenerated around the battery.

"We were puzzled by the unstable electricity output right after implantation," says Liu. "It turned out we had to give the wound time to heal, for blood vessels to regenerate around the battery and supply oxygen, before the battery could provide stable electricity. This is a surprising and interesting finding because it means that the battery can help monitor wound healing."

Next, the team plans to up the battery's energy delivery by exploring more efficient materials for the electrodes and optimizing the battery structure and design. Liu also noted that the battery is easy to scale up in production and choosing cost-effective materials can further lower the price. The team's battery may also find other purposes beyond powering medical devices.

"Because tumor cells are sensitive to oxygen levels, implanting this oxygen-consuming battery around it may help starve cancers. It's also possible to convert the battery energy to heat to kill cancer cells," says Liu. "From a new energy source to potential biotherapies, the prospects for this battery are exciting."
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Sap beetles vs wind: What pollinates screw pines? | ScienceDaily
Researchers Toru Miyamoto, Ko Mochizuki, and Atsushi Kawakita of the University of Tokyo have discovered the first species pollinated by sap beetles in the genus Pandanus, a group of palm-like plants native to the tropics and subtropics of Africa and Eurasia. The discovery overturned the long-held belief that these plants were pollinated by wind. The researchers also found that fragrant screw pines' male and female flowers produced heat at night stably, making them the first such species in the family Pandanaceae. The findings were published in the Botanical Journal of the Linnean Society.


						
The genus Pandanus, a member of the family Pandanaceae, boasts around 450 species spread around the paleotropical region. The species of this genus have male inflorescences, clusters of flowers on branches, that are pendent and nectarless, which has made scientists assume they are pollinated by wind. However, some of their other properties, such as floral scent and the fact that female inflorescences mature while bracts (specialized leaves) are still present, suggest otherwise. To clarify the pollination mechanisms, the researchers decided to investigate a species native to subtropical Japan called Pandanus odorifer, commonly known as fragrant screw pines.

The researchers took a multistep approach. They conducted fieldwork during three flowering seasons between 2020 and 2022 on five islands of the Ryukyu Archipelago. They observed visitors at various flowering stages. Although many small insects visited the flowers, Amystrops sap beetles were the most numerous. So, the team examined the amount of pollen attached to the beetles' bodies to ascertain whether the amount was enough for pollination. The team also needed to verify whether the beetles were visiting the flowers when they were receptive to pollination. Measuring the receptivity of stigmas, a necessary element for pollination, overlapped with the highest number of beetles found visiting the flowers. These findings together suggest that Amystrops sap beetles are pollinators of fragrant screw pines. However, the team did not stop there. There had been reports of genus Pandanus in the past that claimed their inflorescences were warm. However, thermogenesis had not been formally investigated before.

"We were very surprised," Miyamoto recalls, "when we found that the floral organs of the P. odorifer actually generated heat. Although it was relatively easy to predict that beetles would be found in the inflorescences, we did not expect to discover floral thermogenesis, both in male and female reproductive organs."

Although Pandanus species are one of the iconic species in the paleotropical region, surprisingly little is known about them. So, in addition to the current findings, many more surprising facts must be out there, waiting to be discovered. Thus, Miyamoto lays out the next steps for further research.

"Pollination research in the family Pandanaceae is a hot topic, and there are high hopes for developments in the future. As such, we would like to elucidate the pollination ecology of the family Pandanaceae in regions where its species are diverse, particularly in Madagascar and South-East Asia."
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Accelerating CAR T cell therapy: Lipid nanoparticles speed up manufacturing | ScienceDaily
Penn Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.


						
For patients with certain types of cancer, CAR T cell therapy has been nothing short of life changing. Developed in part by Carl June, Richard W. Vague Professor at Penn Medicine, and approved by the Food and Drug Administration (FDA) in 2017, CAR T cell therapy mobilizes patients' own immune systems to fight lymphoma and leukemia, among other cancers.

However, the process for manufacturing CAR T cells themselves is time-consuming and costly, requiring multiple steps across days. The state of the art involves extracting patients' T cells, then activating them with tiny magnetic beads, before giving the T cells genetic instructions to make chimeric antigen receptors (CARs), the specialized receptors that help T cells eliminate cancer cells.

Now, Penn Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.

In a new paper in Advanced Materials, Michael J. Mitchell, Associate Professor in Bioengineering, describes the creation of "activating lipid nanoparticles" (aLNPs), which can activate T cells and deliver the genetic instructions for CARs in a single step, greatly simplifying the CAR T cell manufacturing process. "We wanted to combine these two extremely promising areas of research," says Ann Metzloff, a doctoral student and NSF Graduate Research Fellow in the Mitchell lab and the paper's lead author. "How could we apply lipid nanoparticles to CAR T cell therapy?"

In some ways, T cells function like a military reserve unit: in times of health, they remain inactive, but when they detect pathogens, they mobilize, rapidly expanding their numbers before turning to face the threat. Cancer poses a unique challenge to this defense strategy. Since cancer cells are the body's own, T cells don't automatically treat cancer as dangerous, hence the need to first "activate" T cells and deliver cancer-detecting CARs in CAR T cell therapy.

Until now, the most efficient means of activating T cells has been to extract them from a patient's bloodstream and then mix those cells with magnetic beads attached to specific antibodies -- molecules that provoke an immune response. "The beads are expensive," says Metzloff. "They also need to be removed with a magnet before you can clinically administer the T cells. However, in doing so, you actually lose a lot of the T cells, too."

Made primarily of lipids, the same water-repellent molecules that constitute household cooking fats like butter and olive oil, lipid nanoparticles have proven tremendously effective at delivering delicate molecular payloads. Their capsule-like shape can enclose and protect mRNA, which provides instructions for cells to manufacture proteins. Due to the widespread use of the COVID-19 vaccines, says Metzloff, "The safety and efficacy of lipid nanoparticles has been shown in billions of people around the world."




To incorporate LNPs into the production of CAR T cells, Metzloff and Mitchell wondered if it might be possible to attach the activating antibodies used on the magnetic beads directly to the surface of the LNPs. Employing LNPs this way, they thought, might make it possible to eliminate the need for activating beads in the production process altogether. "This is novel," says Metzloff, "because we're using lipid nanoparticles not just to deliver mRNA encoding CARs, but also to initiate an advantageous activation state."

Over the course of two years, Metzloff carefully optimized the design of the aLNPs. One of the primary challenges was to find the right ratio of one antibody to another. "There were a lot of choices to make," Metzloff recalls, "since this hadn't been done before."

By attaching the antibodies directly to LNPs, the researchers were able to reduce the number of steps involved in the process of manufacturing CAR T cells from three to one, and to halve the time required, from 48 hours to just 24 hours. "This will hopefully have a transformative effect on the process for manufacturing CAR T cells," says Mitchell. "It currently takes so much time to make them, and thus they are not accessible to many patients around the world who need them."

CAR T cells manufactured using aLNPs have yet to be tested in humans, but in mouse models, CAR T cells created using the process described in the paper had a significant effect on leukemia, reducing the size of tumors, thereby demonstrating the feasibility of the technology.

Metzloff also sees additional potential for aLNPs. "I think aLNPs could be explored more broadly as a platform to deliver other cargoes to T cells," she says. "We demonstrated in this paper one specific clinical application, but lipid nanoparticles can be used to encapsulate lots of different things: proteins, different types of mRNA. The aLNPs have broad potential utility for T cell cancer therapy as a whole, beyond this one mRNA CAR T cell application that we've shown here."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and is supported by the U.S. National Institutes of Health Director's New Innovator Award (DP2 TR002776), a U.S. National Science Foundation CAREER Award (CBET-2145491), an American Cancer Society Research Scholar Grant (RSG-22-122-01-ET), and a Burroughs Wellcome Fund Career Award at the Scientific Interface. Further support for this paper and the researchers involved came from the Emerson Collective, U.S. National Science Foundation Graduate Research Fellowships, a U.S. National Institutes of Health Ruth L. Kirschstein National Research Service Award (F31CA260922), the National Institute of Dental and Craniofacial Research of the US National Institutes of Health (T90DE030854), the University of Pennsylvania Fontaine Fellowship, the Norman and Selma Kron Research Fellowship, and the Robert Wood Johnson Foundation Health Policy Research Scholars Program. The researchers thank the Human Immunology Core at the University of Pennsylvania (RRID: SCR_022380) for assistance with primary human T cell procurement. The HIC is supported in part by NIH P30 AI045008 and P30 CA016520.
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        Long-period oscillations control the Sun's differential rotation
        The interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. It turns out, long-period solar oscillations discovered in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler ...

      

      
        Artificial reef designed by MIT engineers could protect marine life, reduce storm damage
        Engineers designed an 'architected' reef that can mimic the wave-buffering effects of natural reefs while providing pockets for marine life. The sustainable and cost-saving structure could dissipate more than 95 percent of incoming wave energy using a small fraction of the material normally needed.

      

      
        Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior
        Astronomers have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

      

      
        Robot, can you say 'cheese'?
        What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?

      

      
        Researchers turn back the clock on cancer cells to offer new treatment paradigm
        Scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Scientists discovered that removing a second protein from cancer cells already experiencing tumor suppressor loss can reverse cancer cell identity.

      

      
        Making long-term memories requires nerve-cell damage
        Just as you can't make an omelet without breaking eggs, scientists have found that you can't make long-term memories without DNA damage and brain inflammation.

      

      
        More efficient TVs, screens and lighting
        New multidisciplinary research could lead to more efficient televisions, computer screens and lighting.

      

      
        Sweet success: Sugarcane's complex genetic code cracked
        Scientists created a highly accurate reference genome for one of the most important modern crops and found a rare example of how genes confer disease resistance in plants. Exploring sugarcane's genetic code could help researchers develop more resilient and productive crops, with implications for both sugar production and biofuels.

      

      
        A solar cell you can bend and soak in water
        Researchers have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.

      

      
        Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries
        Researchers have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.

      

      
        Want to feel young? Protect your sleep
        Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one s actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains. Feeling sleepy can make you feel ten years older.

      

      
        Risk factors for faster aging in the brain revealed in new study
        Researchers have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.

      

      
        Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole
        A new image from the Event Horizon Telescope (EHT) collaboration has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black hol...

      

      
        Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs'
        Researchers found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago.

      

      
        Hidden geometry of learning: Neural networks think alike
        Engineers have uncovered an unexpected pattern in how neural networks -- the systems leading today's AI revolution -- learn, suggesting an answer to one of the most important unanswered questions in AI: why these methods work so well. The result not only illuminates the inner workings of neural networks, but gestures toward the possibility of developing hyper-efficient algorithms that could classify images in a fraction of the time, at a fraction of the cost.

      

      
        Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present
        In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations? Now, a new comparative study has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the ...

      

      
        Old immune systems revitalized in mouse study, improving vaccine response
        Those with aging immune systems struggle to fight off novel viruses and respond weakly to vaccination. Researchers were able to revitalize the immune system in mice.

      

      
        Evolution of the most powerful ocean current on Earth
        The Antarctic Circumpolar Current plays an important part in global overturning circulation, the exchange of heat and CO2 between the ocean and atmosphere, and the stability of Antarctica's ice sheets. An international research team has now used sediments taken from the South Pacific to reconstruct the flow speed in the last 5.3 million years. Their data show that during glacial periods, the current slowed; during interglacials, it accelerated. Consequently, if the current global warming intensif...

      

      
        Sleeping supermassive black holes awakened briefly by shredded stars
        Astronomers have concluded that an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, are not young as previously thought but rather lead relatively short lives.

      

      
        Researchers show that introduced tardigrade proteins can slow metabolism in human cells
        Tardigrade proteins are potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

      

      
        Beethoven's genes reveal low predisposition for beat synchronization
        Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a new study.

      

      
        Tiniest 'starquake' ever detected
        An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.

      

      
        More exposure to artificial, bright, outdoor night-time light linked to higher stroke risk
        Air pollution and night-time outdoor light each were associated with harmful effects on brain health, finds new study.

      

      
        Common household chemicals pose new threat to brain health, study finds
        Researchers have provided fresh insight into the dangers some common household chemicals pose to brain health. They suggest that chemicals found in a wide range of items, from furniture to hair products, may be linked to neurological conditions.

      

      
        The world is one step closer to secure quantum communication on a global scale
        Researchers have brought together two Nobel prize-winning research concepts to advance the field of quantum communication. Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

      

      
        Cool paint coatings help pedestrians feel up to 1.5 degrees Celsius cooler in urban setting
        A real-world study has shown that the use of cool paint coatings in cities can help pedestrians feel up to 1.5 degrees Celsius cooler, making the urban area more comfortable for work and play.

      

      
        A self-cleaning wall paint
        Beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the color changes and needs to be renewed. Now, special titanium oxide nanoparticles have been developed that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunligh...

      

      
        Persian plateau unveiled as crucial hub for early human migration out of Africa
        A new study combining genetic, palaeoecological, and archaeological evidence has unveiled the Persian Plateau as a pivotal geographic location serving as a hub for Homo sapiens during the early stages of their migration out of Africa. It highlights the period between 70,000 to 45,000 years ago when human populations did not uniformly spread across Eurasia, leaving a gap in our understanding of their whereabouts during this time frame.

      

      
        Astronomers discover 49 new galaxies in under three hours
        New work aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, they instead discovered other galaxies while inspecting the data. In total, the gas of 49 galaxies was detected.

      

      
        Unintended consequences of fire suppression
        A new study reveals how fire suppression ensures that wildfires will burn under extreme conditions at high severity, exacerbating the impacts of climate change and fuel accumulation.

      

      
        Wild bird gestures 'after you'
        A small-bird species, the Japanese tit (Parus minor), uses wing movements as a gesture to convey the message 'after you,' according to new research. When a mating pair arrives at their nest box with food, they will wait outside on perches. One will then often flutter its wings toward the other, apparently indicating for the latter to enter first. The researchers say that this discovery challenges the previous belief that gestural communication is prominent only in humans and great apes, significa...

      

      
        Stem cell model offers first glimpse of early human embryonic development
        The new platform's ethically grounded approach promises to reveal much about how human embryos form during the earliest stages of pregnancy.

      

      
        Scientists explore complex pattern of tipping points in the Atlantic's current system
        New mathematical modeling of the Atlantic meridional overturning circulation -- a system of ocean currents -- shows greater complexity than previously thought. Researchers have revealed a hierarchy of irreversible 'tipping points.'

      

      
        Researchers take major step toward developing next-generation solar cells
        Engineers have discovered a new way to manufacture solar cells using perovskite semiconductors. It could lead to lower-cost, more efficient systems for powering homes, cars, boats and drones.

      

      
        If faces look like demons, you could have this extraordinary condition
        Imagine if every time you saw a face, it appeared distorted. Well, for those who have a very rare condition known as prosopometamorphopsia (PMO), which causes facial features to appear distorted, that is reality. A new study reports on a unique case of a patient with PMO. The research is the first to provide accurate and photorealistic visualizations of the facial distortions experienced by an individual with PMO.

      

      
        James Webb Space Telescope captures the end of planet formation
        How much time do planets have to form from a swirling disk of gas and dust around a star? A new study gives scientists a better idea of how our own solar system came to be.

      

      
        Enormous ice loss from Greenland glacier
        Ground-based measuring devices and aircraft radar operated in the far northeast of Greenland show how much ice the 79 N-Glacier is losing. According to recent measurements, the thickness of the glacier has decreased by more than 160 meters since 1998. Warm ocean water flowing under the glacier tongue is melting the ice from below. High air temperatures cause lakes to form on the surface, whose water flows through huge channels in the ice into the ocean. One channel reached a height of 500 meters,...

      

      
        Your dog understands that some words 'stand for' objects
        It's no surprise that your dog can learn to sit when you say 'sit' and come when called. But a new study has made the unexpected discovery that dogs generally also know that certain words 'stand for' certain objects. When dogs hear those words, brain activity recordings suggest they activate a matching mental representation in their minds.

      

      
        Researchers propose a new way to identify when babies become conscious
        Academics are proposing a new and improved way to help researchers discover when consciousness emerges in human infancy.

      

      
        Research uncovers a rare resin fossil find: A spider that aspires to be an ant
        Spiders that disguise themselves as ants live in many locations around the globe but until now most had been able to avoid detection from fossil researchers as well as predators.

      

      
        Signs of life would be detectable in single ice grain emitted from extraterrestrial moons
        Could life be found in frozen sea spray from moons orbiting Saturn or Jupiter? New research finds that life can be detected in a single ice grain containing one bacterial cell or portions of a cell. The results suggest that if life similar to that on Earth exists on these planetary bodies, that this life should be detectable by instruments launching in the fall.

      

      
        Tudor era horse cemetery in Westminster revealed as likely resting place for elite imported animals
        Archaeological analysis of a near unique animal cemetery discovered in London nearly 30 years ago has revealed there was an international horse trading network, orchestrated by the elites of late medieval and Tudor England, which brought superior physical specimens to the UK for jousting and for use as status symbols.

      

      
        Two of the Milky Way's earliest building blocks identified
        Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named 'Shakti' and 'Shiva', these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city.

      

      
        Say hello to biodegradable microplastics
        Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months.

      

      
        Rays were more diverse 150 million years ago than previously thought
        Scientists have explored the puzzling world of rays that lived 150 million years ago and discovered a previously hidden diversity -- including a new ray species. This study significantly expands the understanding of these ancient cartilaginous fish and provides further insights into a past marine ecosystem.

      

      
        Secrets of the Van Allen belt revealed in new study
        A challenge to space scientists to better understand our hazardous near-Earth space environment has been set in a new study.

      

      
        Decoding the plant world's complex biochemical communication networks
        A research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells. Being rooted to the ground, plants can't run away from insects, pathogens or other threats to their survival. But plant scientists have long known that they do send warnings to each other via scent chemicals called volatile organic compounds.
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Long-period oscillations control the Sun's differential rotation | ScienceDaily
The Sun's differential rotation pattern has puzzled scientists for decades: while the poles rotate with a period of approximately 34 days, mid-latitudes rotate faster and the equatorial region requires only approximately 24 days for a full rotation. In addition, in past years advances in helioseismology, i.e. probing the solar interior with the help of solar acoustic waves, have established that this rotational profile is nearly constant throughout the entire convection zone. This layer of the Sun stretches from a depth of approximately 200,000 kilometers to the visible solar surface and is home to violent upheavals of hot plasma which play a crucial role in driving solar magnetism and activity.


						
While theoreticaThe interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. A team of scientists at the Max Planck Institute for Solar System Research (MPS) in Germany has made a ground-breaking discovery. As the team reports today in the journal Science Advances, the long-period solar oscillations discovered by MPS scientists in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler equator. To obtain their new results, the scientists interpreted observations from NASA's Solar Dynamics Observatory using cutting-edge numerical simulations of the solar interior. They found that the difference in temperature between the poles and the equator is about seven degrees.

l models have long postulated a slight temperature difference between solar poles and equator to maintain the Sun's rotational pattern, it has proven notoriously difficult to measure. After all, observations have to "look through" the background of the Sun's deep interior which measures up to million degrees in temperature. However, as the researchers from MPS show, it is now possible to determine the temperature difference from the observations of the long-period oscillations of the Sun.

In their analysis of observational data obtained by the Helioseismic and Magnetic Imager (HMI) onboard NASA's Solar Dynamics Observatory from 2017 to 2021, the scientists turned to global solar oscillations with long periods that can be discerned as swirling motions at the solar surface. Scientists from MPS reported their discovery of these inertial oscillations three years ago. Among these observed modes, the high-latitude modes with velocities of up to 70 km per hour, proved to be especially influential.

To study the nonlinear nature of these high-latitude oscillations, a set of three-dimensional numerical simulations was conducted. In their simulations, the high-latitude oscillations carry heat from the solar poles to the equator, which limits the temperature difference between the Sun's poles and the equator to less than seven degrees. "This very small temperature difference between the poles and the equator controls the angular momentum balance in the Sun and thus is an important feedback mechanism for the Sun's global dynamics" says MPS Director Prof. Dr. Laurent Gizon.

In their simulations, the researchers for the first time described the crucial processes in a fully three-dimensional model. Former endeavors had been limited to two-dimensional approaches that assumed the symmetry about the Sun's rotation axis. "Matching the nonlinear simulations to the observations allowed us to understand the physics of the long-period oscillations and their role in controlling the Sun's differential rotation," says MPS postdoc and the lead author of the study, Dr. Yuto Bekki.

The solar high-latitude oscillations are driven by a temperature gradient in a similar way to extratropical cyclones on the Earth. The physics is similar, though the details are different: "In the Sun, the solar pole is about seven degrees hotter than equator and this is enough to drive flows of about 70 kilometers per hour over a large fraction of the Sun. The process is somewhat similar to the driving of cyclones," says MPS scientist Dr. Robert Cameron.

Probing the physics of the Sun's deep interior is difficult. This study is important as it shows that the long-period oscillations of the Sun are not only useful probes of the solar interior, but that they play an active role in the way the Sun works. Future work, which will be carried out in the context of the ERC Synergy Grant WHOLESUN and the DFG Collaborative Research Center 1456 Mathematics of Experiments, will be aimed at better understanding the role of these oscillations and their diagnostic potential.
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Artificial reef designed by MIT engineers could protect marine life, reduce storm damage | ScienceDaily
The beautiful, gnarled, nooked-and-crannied reefs that surround tropical islands serve as a marine refuge and natural buffer against stormy seas. But as the effects of climate change bleach and break down coral reefs around the world, and extreme weather events become more common, coastal communities are left increasingly vulnerable to frequent flooding and erosion.


						
An MIT team is now hoping to fortify coastlines with "architected" reefs -- sustainable, offshore structures engineered to mimic the wave-buffering effects of natural reefs while also providing pockets for fish and other marine life.

The team's reef design centers on a cylindrical structure surrounded by four rudder-like slats. The engineers found that when this structure stands up against a wave, it efficiently breaks the wave into turbulent jets that ultimately dissipate most of the wave's total energy. The team has calculated that the new design could reduce as much wave energy as existing artificial reefs, using 10 times less material.

The researchers plan to fabricate each cylindrical structure from sustainable cement, which they would mold in a pattern of "voxels" that could be automatically assembled, and would provide pockets for fish to explore and other marine life to settle in. The cylinders could be connected to form a long, semipermeable wall, which the engineers could erect along a coastline, about half a mile from shore. Based on the team's initial experiments with lab-scale prototypes, the architected reef could reduce the energy of incoming waves by more than 95 percent.

"This would be like a long wave-breaker," says Michael Triantafyllou, the Henry L. and Grace Doherty Professor in Ocean Science and Engineering in the Department of Mechanical Engineering. "If waves are 6 meters high coming toward this reef structure, they would be ultimately less than a meter high on the other side. So, this kills the impact of the waves, which could prevent erosion and flooding."

Details of the architected reef design are reported today in a study appearing in the open-access journal PNAS Nexus. Triantafyllou's MIT co-authors are Edvard Ronglan SM '23; graduate students Alfonso Parra Rubio, Jose del Auila Ferrandis, and Erik Strand; research scientists Patricia Maria Stathatou and Carolina Bastidas; and Professor Neil Gershenfeld, director of the Center for Bits and Atoms; along with Alexis Oliveira Da Silva at the Polytechnic Institute of Paris, Dixia Fan of Westlake University, and Jeffrey Gair Jr. of Scinetics, Inc.

Leveraging turbulence

Some regions have already erected artificial reefs to protect their coastlines from encroaching storms. These structures are typically sunken ships, retired oil and gas platforms, and even assembled configurations of concrete, metal, tires, and stones. However, there's variability in the types of artificial reefs that are currently in place, and no standard for engineering such structures. What's more, the designs that are deployed tend to have a low wave dissipation per unit volume of material used. That is, it takes a huge amount of material to break enough wave energy to adequately protect coastal communities.




The MIT team instead looked for ways to engineer an artificial reef that would efficiently dissipate wave energy with less material, while also providing a refuge for fish living along any vulnerable coast.

"Remember, natural coral reefs are only found in tropical waters," says Triantafyllou, who is director of the MIT Sea Grant. "We cannot have these reefs, for instance, in Massachusetts. But architected reefs don't depend on temperature, so they can be placed in any water, to protect more coastal areas."

The new effort is the result of a collaboration between researchers in MIT Sea Grant, who developed the reef structure's hydrodynamic design, and researchers at the Center for Bits and Atoms (CBA), who worked to make the structure modular and easy to fabricate on location. The team's architected reef design grew out of two seemingly unrelated problems. CBA researchers were developing ultralight cellular structures for the aerospace industry, while Sea Grant researchers were assessing the performance of blowout preventers in offshore oil structures -- cylindrical valves that are used to seal off oil and gas wells and prevent them from leaking.

The team's tests showed that the structure's cylindrical arrangement generated a high amount of drag. In other words, the structure appeared to be especially efficient in dissipating high-force flows of oil and gas. They wondered: Could the same arrangement dissipate another type of flow, in ocean waves?

The researchers began to play with the general structure in simulations of water flow, tweaking its dimensions and adding certain elements to see whether and how waves changed as they crashed against each simulated design. This iterative process ultimately landed on an optimized geometry: a vertical cylinder flanked by four long slats, each attached to the cylinder in a way that leaves space for water to flow through the resulting structure. They found this setup essentially breaks up any incoming wave energy, causing parts of the wave-induced flow to spiral to the sides rather than crashing ahead.

"We're leveraging this turbulence and these powerful jets to ultimately dissipate wave energy," Ferrandis says.




Standing up to storms

Once the researchers identified an optimal wave-dissipating structure, they fabricated a laboratory-scale version of an architected reef made from a series of the cylindrical structures, which they 3D-printed from plastic. Each test cylinder measured about 1 foot wide and 4 feet tall. They assembled a number of cylinders, each spaced about a foot apart, to form a fence-like structure, which they then lowered into a wave tank at MIT. They then generated waves of various heights and measured them before and after passing through the architected reef.

"We saw the waves reduce substantially, as the reef destroyed their energy," Triantafyllou says.

The team has also looked into making the structures more porous, and friendly to fish. They found that, rather than making each structure from a solid slab of plastic, they could use a more affordable and sustainable type of cement.

"We've worked with biologists to test the cement we intend to use, and it's benign to fish, and ready to go," he adds.

They identified an ideal pattern of "voxels," or microstructures, that cement could be molded into, in order to fabricate the reefs while creating pockets in which fish could live. This voxel geometry resembles individual egg cartons, stacked end to end, and appears to not affect the structure's overall wave-dissipating power.

"These voxels still maintain a big drag while allowing fish to move inside," Ferrandis says.

The team is currently fabricating cement voxel structures and assembling them into a lab-scale architected reef, which they will test under various wave conditions. They envision that the voxel design could be modular, and scalable to any desired size, and easy to transport and install in various offshore locations. "Now we're simulating actual sea patterns, and testing how these models will perform when we eventually have to deploy them," says Anjali Sinha, a graduate student at MIT who recently joined the group.

Going forward, the team hopes to work with beach towns in Massachusetts to test the structures on a pilot scale.

"These test structures would not be small," Triantafyllou emphasizes. "They would be about a mile long, and about 5 meters tall, and would cost something like 6 million dollars per mile. So it's not cheap. But it could prevent billions of dollars in storm damage. And with climate change, protecting the coasts will become a big issue."

This work was funded, in part, by the U.S. Defense Advanced Research Projects Agency.
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Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior | ScienceDaily
At the heart of a far-off galaxy, a supermassive black hole appears to have had a case of the hiccups.


						
Astronomers from MIT, Italy, the Czech Republic, and elsewhere have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

The periodic hiccups are a new behavior that has not been observed in black holes until now. The scientists believe the most likely explanation for the outbursts stems from a second, smaller black hole that is zinging around the central, supermassive black hole and slinging material out from the larger black hole's disk of gas every 8.5 days.

The team's findings, which will be published in the journal Science Advances, challenge the conventional picture of black hole accretion disks, which scientists had assumed are relatively uniform disks of gas that rotate around a central black hole. The new results suggest that accretion disks may be more varied in their contents, possibly containing other black holes, and even entire stars.

"We thought we knew a lot about black holes, but this is telling us there are a lot more things they can do," says study author Dheeraj "DJ" Pasham, a research scientist in MIT's Kavli Institute for Astrophysics and Space Research. "We think there will be many more systems like this, and we just need to take more data to find them."

The study's MIT co-authors include postdoc Peter Kosec, graduate student Megan Masterson, Associate Professor Erin Kara, Principal Research Scientist Ronald Remillard, and former research scientist Michael Fausnaugh, along with collaborators from multiple institutions, including the Tor Vergata University of Rome, the Astronomical Institute of the Czech Academy of Sciences, and Masaryk University in the Czech Republic.

"Use it or lose it"

The team's findings grew out of an automated detection by ASAS-SN (the All Sky Automated Survey for SuperNovae), a network of 20 robotic telescopes situated in various locations across the northern and southern hemispheres. The telescopes automatically survey the entire sky once a day for signs of supernovae and other transient phenomena.




In December of 2020, the survey spotted a burst of light in a galaxy about 800 million light years away. That particular part of the sky had been relatively quiet and dark until the telescopes' detection, when the galaxy suddenly brightened by a factor of 1,000. Pasham, who happened to see the detection reported in a community alert, chose to focus in on the flare with NASA's NICER (the Neutron star Interior Composition Explorer), an X-ray telescope aboard the International Space Station that continuously monitors the sky for X-ray bursts that could signal activity from neutron stars, black holes, and other extreme gravitational phenomena. The timing was fortuitous, as it was getting toward the end of Pasham's year-long period during which he had permission to point, or "trigger" the telescope.

"It was either use it or lose it, and it turned out to be my luckiest break," he says.

He trained NICER to observe the far-off galaxy as it continued to flare. The outburst lasted for about four months before petering out. During that time, NICER took measurements of the galaxy's X-ray emissions on a daily, high-cadence basis. When Pasham looked closely at the data, he noticed a curious pattern within the four-month flare: subtle dips, in a very narrow band of X-rays, that seemed to reappear every 8.5 days.

It seemed that the galaxy's burst of energy periodically dipped every 8.5 days. The signal is similar to what astronomers see when an orbiting planet crosses in front of its host star, briefly blocking the star's light. But no star would be able to block a flare from an entire galaxy.

"I was scratching my head as to what this means because this pattern doesn't fit anything that we know about these systems," Pasham recalls.

Punch it

As he was looking for an explanation to the periodic dips, Pasham came across a recent paper by theoretical physicists in the Czech Republic. The theorists had separately worked out that it would be possible, in theory, for a galaxy's central supermassive black hole to host a second, much smaller black hole. That smaller black hole could orbit at an angle from its larger companion's accretion disk.




As the theorists proposed, the secondary would periodically punch through the primary black hole's disk as it orbits. In the process, it would release a plume of gas , like a bee flying through a cloud of pollen. Powerful magnetic fields, to the north and south of the black hole, could then slingshot the plume up and out of the disk. Each time the smaller black hole punches through the disk, it would eject another plume, in a regular, periodic pattern. If that plume happened to point in the direction of an observing telescope, it might observe the plume as a dip in the galaxy's overall energy, briefly blocking the disk's light every so often.

"I was super excited by this theory, and I immediately emailed them to say, 'I think we're observing exactly what your theory predicted,'" Pasham says.

He and the Czech scientists teamed up to test the idea, with simulations that incorporated NICER's observations of the original outburst, and the regular, 8.5-day dips. What they found supports the theory: The observed outburst was likely a signal of a second, smaller black hole, orbiting a central supermassive black hole, and periodically puncturing its disk.

Specifically, the team found that the galaxy was relatively quiet prior to the December 2020 detection. The team estimates the galaxy's central supermassive black hole is as massive as 50 million suns. Prior to the outburst, the black hole may have had a faint, diffuse accretion disk rotating around it, as a second, smaller black hole, measuring 100 to 10,000 solar masses, was orbiting in relative obscurity.

The researchers suspect that, in December 2020, a third object -- likely a nearby star -- swung too close to the system and was shredded to pieces by the supermassive black hole's immense gravity -- an event that astronomers know as a "tidal disruption event." The sudden influx of stellar material momentarily brightened the black hole's accretion disk as the star's debris swirled into the black hole. Over four months, the black hole feasted on the stellar debris as the second black hole continued orbiting. As it punched through the disk, it ejected a much larger plume than it normally would, which happened to eject straight out toward NICER's scope.

The team carried out numerous simulations to test the periodic dips. The most likely explanation, they conclude, is a new kind of David-and-Goliath system -- a tiny, intermediate-mass black hole, zipping around a supermassive black hole.

"This is a different beast," Pasham says. "It doesn't fit anything that we know about these systems. We're seeing evidence of objects going in and through the disk, at different angles, which challenges the traditional picture of a simple gaseous disk around black holes. We think there is a huge population of these systems out there."

"This is a brilliant example of how to use the debris from a disrupted star to illuminate the interior of a galactic nucleus which would otherwise remain dark. It is akin to using fluorescent dye to find a leak in a pipe," says Richard Saxton, an X-ray astronomer from the European Space Astronomy Centre (ESAC) in Madrid, Spain, who was not involved in the study. "This result shows that very close super-massive black hole binaries could be common in galactic nuclei, which is a very exciting development for future gravitational wave detectors."

This research was supported in part NASA.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327154913.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robot, can you say 'cheese'? | ScienceDaily
What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?


						
While we're getting accustomed to robots that are adept at verbal communication, thanks in part to advancements in large language models like ChatGPT, their nonverbal communication skills, especially facial expressions, have lagged far behind. Designing a robot that can not only make a wide range of facial expressions but also know when to use them has been a daunting task.

Tackling the challenge

The Creative Machines Lab at Columbia Engineering has been working on this challenge for more than five years. In a new study published today in Science Robotics, the group unveils Emo, a robot that anticipates facial expressions and executes them simultaneously with a human. It has even learned to predict a forthcoming smile about 840 milliseconds before the person smiles, and to co-express the smile simultaneously with the person.

The team, led by Hod Lipson, a leading researcher in the fields of artificial intelligence (AI) and robotics, faced two challenges: how to mechanically design an expressively versatile robotic face which involves complex hardware and actuation mechanisms, and knowing which expression to generate so that they appear natural, timely, and genuine. The team proposed training a robot to anticipate future facial expressions in humans and execute them simultaneously with a person. The timing of these expressions was critical -- delayed facial mimicry looks disingenuous, but facial co-expression feels more genuine since it requires correctly inferring the human's emotional state for timely execution.

How Emo connects with you

Emo is a human-like head with a face that is equipped with 26 actuators that enable a broad range of nuanced facial expressions. The head is covered with a soft silicone skin with a magnetic attachment system, allowing for easy customization and quick maintenance. For more lifelike interactions, the researchers integrated high-resolution cameras within the pupil of each eye, enabling Emo to make eye contact, crucial for nonverbal communication.




The team developed two AI models: one that predicts human facial expressions by analyzing subtle changes in the target face and another that generates motor commands using the corresponding facial expressions.

To train the robot how to make facial expressions, the researchers put Emo in front of the camera and let it do random movements. After a few hours, the robot learned the relationship between their facial expressions and the motor commands -- much the way humans practice facial expressions by looking in the mirror. This is what the team calls "self modeling" -- similar to our human ability to imagine what we look like when we make certain expressions.

Then the team ran videos of human facial expressions for Emo to observe them frame by frame. After training, which lasts a few hours, Emo could predict people's facial expressions by observing tiny changes in their faces as they begin to form an intent to smile.

"I think predicting human facial expressions accurately is a revolution in HRI. Traditionally, robots have not been designed to consider humans' expressions during interactions. Now, the robot can integrate human facial expressions as feedback," said the study's lead author Yuhang Hu, who is a PhD student at Columbia Engineering in Lipson's lab. "When a robot makes co-expressions with people in real-time, it not only improves the interaction quality but also helps in building trust between humans and robots. In the future, when interacting with a robot, it will observe and interpret your facial expressions, just like a real person."

What's next

The researchers are now working to integrate verbal communication, using a large language model like ChatGPT into Emo. As robots become more capable of behaving like humans, Lipson is well aware of the ethical considerations associated with this new technology.

"Although this capability heralds a plethora of positive applications, ranging from home assistants to educational aids, it is incumbent upon developers and users to exercise prudence and ethical considerations," says Lipson, James and Sally Scapa Professor of Innovation in the Department of Mechanical Engineering at Columbia Engineering, co-director of the Makerspace at Columbia, and a member of the Data Science Institute. "But it's also very exciting -- by advancing robots that can interpret and mimic human expressions accurately, we're moving closer to a future where robots can seamlessly integrate into our daily lives, offering companionship, assistance, and even empathy. Imagine a world where interacting with a robot feels as natural and comfortable as talking to a friend."
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Researchers turn back the clock on cancer cells to offer new treatment paradigm | ScienceDaily
St. Jude Children's Research Hospital scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Findings showed that with the missing tumor suppressor, deleting or degrading the quality control protein DCAF5 reversed the cancer cell state. These results suggest a new approach to curing cancer -- returning cancerous cells to an earlier, more normal state rather than killing cancer cells with toxic therapies -- may be possible. The results were published today in Nature.


						
"Rather than making a toxic event that kills rhabdoid cancer, we were able to reverse the cancer state by returning the cells toward normal," said senior author Charles W.M. Roberts, MD, PhD, Executive Vice President and St. Jude Comprehensive Cancer Center director. "This approach would be ideal, especially if this paradigm could also be applied to other cancers."

"We found a dependency which actually reverses the cancer state," said first author Sandi Radko-Juettner, PhD, a former St. Jude Graduate School of Biomedical Sciences student, now a Research Program Manager for the Hematological Malignancies Program at St. Jude. "Standard cancer therapies work by causing toxicities that also damage healthy cells in the body. Here, it appears that we're instead fixing the problem caused by the loss of a tumor suppressor in this rhabdoid cancer."

Drugging the un-targetable

In many cancers, there is no easily druggable target. Often, these cancers are caused by a missing tumor suppressor protein, so there is nothing to target directly as the protein is missing. Loss of tumor suppressors is much more common than a protein gaining the ability to drive cancer. Consequently, finding a way to intervene therapeutically in these tumors is a high priority. The researchers were looking for a way to treat an aggressive set of cancers caused by the loss of the tumor suppressor protein SMARCB1 when they found a new approach to treatment.

The St. Jude group found a little-studied protein, DCAF5, was essential to rhabdoid tumors missing SMARCB1. Initially, they identified DCAF5 as a target, using the Dependency Map (DepMap) portal, a database of cancer cell lines and the genes critical for their growth. DCAF5 was a top dependency in rhabdoid tumors. After the initial finding, the scientists genetically deleted or chemically degraded DCAF5. The cancer cells reverted to a non-cancerous state, persisting even in a long-term mouse model.

"We saw a spectacular response," Roberts said. "The tumors melted away."

Removing quality control to reverse cancer




Normally, SMARCB1 is an essential component of a larger chromatin-regulating complex of proteins called the SWI/SNF complex. Unexpectedly, the study found that in the absence of SMARCB1, DCAF5 recognizes SWI/SNF as abnormal and destroys the complex. When DCAF5 degrades them, the researchers showed that SWI/SNF re-forms and maintains its ability to open chromatin and regulate gene expression. While the SWI/SNF activity level in the absence of SMARCB1 was to a lesser extent than usual, it was nonetheless sufficient to reverse the cancer state fully.

"DCAF5 is doing a quality control check to ensure that these chromatin machines are built well," Roberts said. "Think of a factory assembling a machine. You need quality checks to examine and find faults and to pull it off the line if it doesn't meet standards. DCAF5 is doing such quality assessments for the assembly of SWI/SNF complexes, telling the cell to get rid of complexes if SMARCB1 is absent."

"The mutation of SMARCB1 shuts off gene programs that prevent cancer. By targeting DCAF5, we're turning those gene programs back on," Radko-Juettner said. "We're reversing the cancer state because the cell is becoming more 'normal' when these complexes aren't targeted for destruction by DCAF5."

Future therapeutic opportunities to reverse cancer

"From a therapeutic perspective, our results are fascinating," Radko-Juettner said. "DCAF5 is part of a larger family of DCAF proteins that have been shown to be drug targetable. We showed that when DCAF5 is absent, mice had no discernable health effects, so we could potentially target DCAF5. This can kill the cancer cells but shouldn't affect healthy cells. Targeting DCAF5 thus has the potential to avoid the off-target toxicity of radiation or chemotherapy, making it a promising therapeutic avenue to pursue."

Beyond DCAF5, the findings could have implications for other cancers driven by the loss of a tumor suppressor.

"We have demonstrated a beautiful proof of principle," Roberts said. "Myriad types of cancers are caused by tumor suppressor loss. We hope we may have opened the door to thinking about new ways to approach targeting at least some of these by reversing, instead of killing, cancer."
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Making long-term memories requires nerve-cell damage | ScienceDaily
Just as you can't make an omelet without breaking eggs, scientists at Albert Einstein College of Medicine have found that you can't make long-term memories without DNA damage and brain inflammation. Their surprising findings were published online today in the journal Nature.


						
"Inflammation of brain neurons is usually considered to be a bad thing, since it can lead to neurological problems such as Alzheimer's and Parkinson's disease," said study leader Jelena Radulovic, M.D., Ph.D., professor in the Dominick P. Purpura Department of Neuroscience, professor of psychiatry and behavioral sciences, and the Sylvia and Robert S. Olnick Chair in Neuroscience at Einstein. "But our findings suggest that inflammation in certain neurons in the brain's hippocampal region is essential for making long-lasting memories."

The hippocampus has long been known as the brain's memory center. Dr. Radulovic and her colleagues found that a stimulus sets off a cycle of DNA damage and repair within certain hippocampal neurons that leads to stable memory assemblies -- clusters of brain cells that represent our past experiences. Elizabeth Wood, a Ph.D. student, and Ana Cicvaric, a postdoc in the Radulovic lab, were the study's first authors at Einstein.

From Shocks to Stable Memories

The researchers discovered this memory-forming mechanism by giving mice brief, mild shocks sufficient to form a memory of the shock event (episodic memory). They then analyzed neurons in the hippocampal region and found that genes participating in an important inflammatory signaling pathway had been activated.

"We observed strong activation of genes involved in the Toll-Like Receptor 9 (TLR9) pathway," said Dr. Radulovic, who is also director of the Psychiatry Research Institute at Montefiore Einstein (PRIME). "This inflammatory pathway is best known for triggering immune responses by detecting small fragments of pathogen DNA. So at first we assumed the TLR9 pathway was activated because the mice had an infection. But looking more closely, we found, to our surprise, that TLR9 was activated only in clusters of hippocampal cells that showed DNA damage."

Brain activity routinely induces small breaks in DNA that are repaired within minutes. But in this population of hippocampal neurons, the DNA damage appeared to be more substantial and sustained.




Triggering Inflammation to Make Memories

Further analysis showed that DNA fragments, along with other molecules resulting from the DNA damage, were released from the nucleus, after which the neurons' TLR9 inflammatory pathway was activated; this pathway in turn stimulated DNA repair complexes to form at an unusual location: the centrosomes. These organelles are present in the cytoplasm of most animal cells and are essential for coordinating cell division. But in neurons -- which don't divide -- the stimulated centrosomes participated in cycles of DNA repair that appeared to organize individual neurons into memory assemblies.

"Cell division and the immune response have been highly conserved in animal life over millions of years, enabling life to continue while providing protection from foreign pathogens," Dr. Radulovic said. "It seems likely that over the course of evolution, hippocampal neurons have adopted this immune-based memory mechanism by combining the immune response's DNA-sensing TLR9 pathway with a DNA repair centrosome function to form memories without progressing to cell division."

Resisting Inputs of Extraneous Information

During the week required to complete the inflammatory process, the mouse memory-encoding neurons were found to have changed in various ways, including becoming more resistant to new or similar environmental stimuli. "This is noteworthy," said Dr. Radulovic, "because we're constantly flooded by information, and the neurons that encode memories need to preserve the information they've already acquired and not be 'distracted' by new inputs."

Importantly, the researchers found that blocking the TLR9 inflammatory pathway in hippocampal neurons not only prevented mice from forming long-term memories but also caused profound genomic instability, i.e, a high frequency of DNA damage in these neurons.

"Genomic instability is considered a hallmark of accelerated aging as well as cancer and psychiatric and neurodegenerative disorders such as Alzheimer's," Dr. Radulovic said. "Drugs that inhibit the TLR9 pathway have been proposed for relieving the symptoms of long COVID. But caution needs to be shown because fully inhibiting the TLR9 pathway may pose significant health risks."

The study is titled "Formation of memory assemblies through the DNA sensing TLR9 pathway." Other Einstein authors are: Hui Zhang, Ph.D., Zorica Petrovic, B.A., Anna Carboncino, Ph.D., Kendra K. Parker, B.A., Thomas E. Bassett, Ph.D., Xusheng Zhang, M.S. The other contributors are: co-first author Vladimir Jovasevic, Ph.D., at Northwestern University, Chicago, IL; Maria Moltesen, Ph.D., Naoki Yamawaki, Ph.D., Hande Login, Ph.D., Joanna Kalucka, Ph.D., all at Aarhus University, Aarhus, Denmark; Farahnaz Sananbenesi, and Andre Fischer, Ph.D., at University Medical Center, Gottingen, Germany.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124807.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



More efficient TVs, screens and lighting | ScienceDaily
New multidisciplinary research from the University of St Andrews could lead to more efficient televisions, computer screens and lighting.


						
Researchers at the Organic Semiconductor Centre in the School of Physics and Astronomy, and the School of Chemistry have proposed a new approach to designing efficient light-emitting materials in a paper published this week in Nature (27 March).

Light-emitting materials are used in organic light-emitting diodes (OLEDs) that are now found in the majority of mobile phone displays and smartwatches, and some televisions and automotive lighting.

The latest generation of emitter materials under development produce OLEDs that have high efficiency at low brightness, but suffer reduced efficiency as the brightness is increased to the levels required for lighting and outdoor applications. This problem is known as 'efficiency roll-off'.

Researchers have identified the combination of features of materials required to overcome this problem. Guidelines developed by the team of researchers, led by Professor Ifor Samuel and Professor Eli Zysman-Colman, will help OLED researchers develop materials that maintain high efficiency at high brightness, enabling the latest materials to be used for applications in displays, lighting and medicine.

Commenting on the research, Professor Zysman-Colman explained that the findings "provide clearer insight into the link between the properties of the emitter material and the performance of the OLED."

Professor Samuel said, "Our new approach to this problem will help to develop bright, efficient and colourful OLEDs that use less power."
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Sweet success: Sugarcane's complex genetic code cracked | ScienceDaily
Modern hybrid sugarcane is one of the most harvested crops on the planet, used to make products including sugar, molasses, bioethanol, and bio-based materials. It also has one of the most complex genetic blueprints.


						
Until now, sugarcane's complicated genetics made it the last major crop without a complete and highly accurate genome. Scientists have developed and combined multiple techniques to successfully map out sugarcane's genetic code. With that map, they were able to verify the specific location that provides resistance to the impactful brown rust disease that, unchecked, can devastate a sugar crop. Researchers can also use the genetic sequence to better understand the many genes involved in sugar production.

The research was conducted as part of the Community Science Program at the U.S. Department of Energy Joint Genome Institute (JGI), a DOE Office of Science user facility at Lawrence Berkeley National Laboratory (Berkeley Lab). The study is published today in the journal Nature, and the genome is available through the JGI's plant portal, Phytozome.

"This was the most complicated genome sequence we've yet completed," said Jeremy Schmutz, Plant Program lead at the JGI and faculty investigator at the HudsonAlpha Institute for Biotechnology. "It shows how far we've come. This is the kind of thing that 10 years ago people thought was impossible. We're able to accomplish goals now that we just didn't think were possible to do in plant genomics."

Sugarcane's genome is so complex both because it is large and because it contains more copies of chromosomes than a typical plant, a feature called polyploidy. Sugarcane has about 10 billion base pairs, the building blocks of DNA; for comparison, the human genome has about 3 billion. Many sections of sugarcane's DNA are identical both within and across different chromosomes. That makes it a challenge to correctly reassemble all the small segments of DNA while reconstructing the full genetic blueprint. Researchers solved the puzzle by combining multiple genetic sequencing techniques, including a newly developed method known as PacBio HiFi sequencing that can accurately determine the sequence of longer sections of DNA.

Having a complete "reference genome" makes it easier to study sugarcane, enabling researchers to compare its genes and pathways with those in other well-studied crops such as sorghum or other biofuel crops of interest, like switchgrass and miscanthus. By comparing this reference to other crops, it becomes easier to understand how each gene influences a trait of interest, such as which genes are highly expressed during sugar production, or which genes are important for disease resistance. This study found that the genes responsible for resistance to brown rust, a fungal pathogen that previously caused millions of dollars of damage to sugarcane crops, are found in only one location in the genome.

"When we sequenced the genome, we were able to fill a gap in the genetic sequence around brown rust disease," said Adam Healey, first author of the paper and a researcher at HudsonAlpha. "There are hundreds of thousands of genes in the sugarcane genome, but it's only two genes, working together, that protect the plant from this pathogen. Across plants, there are only a handful of instances that we know of where protection works in a similar way. Better understanding of how this disease resistance works in sugarcane could help protect other crops facing similar pathogens down the road."

Researchers studied a cultivar of sugarcane known as R570 that has been used for decades around the world as the model to understand sugarcane genetics. Like all modern sugarcane cultivars, R570 is a hybrid made by crossing the domesticated species of sugarcane (which excelled in sugar production) and a wild species (which carried the genes for disease resistance).




"Knowing R570's complete genetic picture will let researchers trace which genes descended from which parent, enabling breeders to more easily identify the genes that control the traits of interest for improved production," said Angelique D'Hont, last author of the paper and a sugarcane researcher at the French Agricultural Research Center for International Development (CIRAD).

Improving future varieties of sugarcane has potential applications in both agriculture and bioenergy. Enhancing how sugarcane produces sugar could increase the yield farmers get from their crops, providing more sugar from the same amount of growing space. Sugarcane is an important feedstock, or starting material, for producing biofuels, particularly ethanol, and other bioproducts. The residues that remain after the pressing of sugarcane, referred to as bagasse, are an important type of agricultural residue that can also be broken down and converted into biofuels and bioproducts.

"We are working to understand how specific genes in plants relate to the quality of the biomass we get downstream, which we can then turn into biofuels and bioproducts," said Blake Simmons, Chief Science and Technology Officer for the Joint BioEnergy Institute, a DOE Bioenergy Research Center led by Berkeley Lab. "With a better understanding of sugarcane genetics, we can better understand and control the plant genotypes needed to produce the sugars and bagasse-derived intermediates we need for sustainable sugarcane conversion technologies at a scale relevant to the bioeconomy."

This study involved collaborations with institutes from around the world, including France (CIRAD, UMR-AGAP, ERCANE); Australia (CSIRO Agriculture and Food, Queensland Alliance for Agriculture and Food Innovation/ARC Centre of Excellence for Plant Success in Nature and Agriculture -- University of Queensland, Sugar Research Australia); Czech Republic (Institute of Experimental Botany of the Czech Academy of Sciences); and the United States (Corteva Agriscience, Joint BioEnergy Institute). The genome was sequenced at the JGI with work completed at the JGI partner laboratories, the Arizona Genomics Institute and the HudsonAlpha Institute for Biotechnology.
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A solar cell you can bend and soak in water | ScienceDaily
Researchers from the RIKEN Center for Emergent Matter Science and collaborators have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.


						
One of the potential uses of organic photovoltaics is to create wearable electronics -- devices that can be attached to clothing that can monitor medical devices, for example, without requiring battery changes. However, researchers have found it challenging to achieve waterproofing without the use of extra layers that end up decreasing the flexibility of the film.

Now, in work published in Nature Communications, a group of scientists have been able to do precisely that. They took on the challenge of overcoming a key limitation of previous devices, which is that it is difficult to make them waterproof without reducing the flexibility. Photovoltaic films are typically made of several layers. There is an active later, which captures energy of a certain wavelength from sunlight, and uses this energy to separate electrons and "electron holes" into a cathode and anode. The electrons and holes can then reconnect through a circuit, generating electricity. In previous devices, the layer transporting the electron holes was generally created sequentially by layering.

For the current work, however, the researchers deposited the anode layer, in this case a silver electrode, directly onto the active layers, creating better adhesion between the layers. They used a thermal annealing process, exposing the film to air at 85 degrees Celsius for 24 hours. According to Sixing Xiong, the first author of the paper, "It was challenging to form the layer, but we were happy to have accomplished it, and in the end were able to create a film that was just 3 micrometers thick, and we looked forward to seeing the results of tests."

What the group saw from the testing was very encouraging. First, they immersed the film completely in water for four hours and found that it still had 89 percent of its initial performance. They then subjected a film to stretching by 30 percent 300 times underwater, and found that even with that punishment, it retained 96 percent of its performance. As a final test, they ran it through a washing machine cycle, and it survived the ordeal, something that has never been achieved before.

According to Kenjiro Fukuda, one of the corresponding authors of the paper, "What we have created is a method that can be used more generally. Looking to the future, by improving the stability of devices in other areas, such as exposure to air, strong light, and mechanical stress, we plan to further develop our ultrathin organic solar cells so that they can be used for really practical wearable devices."

In addition to RKEN CEMS, members of the research group were from the University of Tokyo and the Huazhong University of Science and Technology in China.
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Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries | ScienceDaily
Researchers at Trinity College Dublin have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.


						
The study, carried out in collaboration with archaeologists from the Atlantic Technological University and University of Edinburgh, was published today in journal Molecular Biology and Evolution. The authors identified several bacteria linked to gum disease and provided the first high-quality ancient genome of Streptococcus mutans, the major culprit behind tooth decay.

While S. mutans is very common in modern mouths, it is exceptionally rare in the ancient genomic record. One reason for this may be the acid-producing nature of the species. This acid decays the tooth, but also destroys DNA and stops plaque from fossilising. While most ancient oral microbiomes are retrieved from fossilised plaque, this study targeted the tooth directly.

Another reason for the scarcity of S. mutans in ancient mouths may be the lack of favorable habitats for this sugar-loving species. An uptick of dental cavities is seen in the archaeological record after the adoption of cereal agriculture thousands of years ago, but a far more dramatic increase has occurred only in the past few hundred years when sugary foods were introduced to the masses.

The sampled teeth were part of a larger skeletal assemblage excavated from Killuragh Cave, County Limerick, by the late Peter Woodman of University College Cork. While other teeth in the cave showed advanced dental decay, no cavities were visible on the sampled teeth. However, one tooth produced an unprecedented amount of S. mutans DNA, a sign of an extreme imbalance in the oral microbial community.

"We were very surprised to see such a large abundance of S. mutans in this 4,000-year-old tooth," said Dr Lara Cassidy, an assistant professor in Trinity's School of Genetics and Microbiology, and senior author of the study. "It is a remarkably rare find and suggests this man was at a high risk of developing cavities right before his death."

The researchers also found that other streptococcal species were virtually absent from the tooth. This indicates the natural balance of the oral biofilm had been upset -- mutans had outcompeted the other streptococci leading to the pre-disease state.




The team also found evidence to support the "disappearing microbiome" hypothesis, which proposes modern microbiomes are less diverse than those of our ancestors. This is cause for concern, as biodiversity loss can impact human health. The two Bronze Age teeth produced highly divergent strains of Tannerella forsythia, a bacteria implicated in gum disease.

"These strains from a single ancient mouth were more genetically different from one another than any pair of modern strains in our dataset, despite the modern samples deriving from Europe, Japan and the USA," explained Iseult Jackson, a PhD candidate at Trinity, and first author of the study. "This represents a major loss in diversity and one that we need to understand better."

Very few full genomes from oral bacteria have been recovered prior to the Medieval era. By characterising prehistoric diversity, the authors were able to reveal dramatic changes in the oral microenvironment that have happened since.

Dr Cassidy added: "Over the last 750 years, a single lineage of T. forsythia has become dominant worldwide. This is the tell-tale sign of natural selection, where one strain rises rapidly in frequency due to some genetic advantage it holds over the others. T. forsythia strains from the industrial era onwards contain many new genes that help the bacteria colonise the mouth and cause disease.

"S. mutans has also undergone recent lineage expansions and changes in gene content related to pathogenicity. These coincide with humanity's mass consumption of sugar, although we did find that modern S. mutans populations have remained more diverse, with deep splits in the S. mutans evolutionary tree pre-dating the Killuragh genome."

The scientists believe this is driven by differences in the evolutionary mechanisms that shape genome diversity in these species.

"S. mutans is very adept at swapping genetic material between strains," said Dr Cassidy. "This means an advantageous innovation can be spread across S. mutans lineages like a new piece of tech. This ability to easily share innovations may explain why this species retains many diverse lineages without one becoming dominant and replacing all the others."

In effect, both these disease-causing bacteria have changed dramatically from the Bronze Age to today, but it appears that very recent cultural transitions in the industrial era have had an inordinate impact.
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Want to feel young? Protect your sleep | ScienceDaily
Feeling sleepy can make you feel ten years older. Researchers at Stockholm University have discovered that sleep affects how old you feel. The study is published in the scientific journal Proceedings of the Royal Society B.


						
Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception -- it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one's actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains.

"Given that sleep is essential for brain function and overall well-being, we decided to test whether sleep holds any secrets to preserving a youthful sense of age," says Leonie Balter, researcher at the Department of Psychology, Stockholm University.

In the first study, 429 individuals aged 18 to 70 were asked how old they felt, how many days in the past month they had not gotten enough sleep, and how sleepy they were. It turned out that for each night with insufficient sleep in the past month, participants felt on average 0.23 years older.

In a second study, the researchers tested whether it was indeed the lack of sleep causing participants to feel older. Therefore, they conducted an experimental sleep restriction study involving 186 participants aged 18 to 46. Participants restricted their sleep for two nights -only four hours in bed each night -- and another time slept sufficiently for two nights, with nine hours in bed each night.

After sleep restriction, participants felt on average 4.4 years older compared to when having enjoyed sufficient sleep. The effects of sleep on subjective age appeared to be related to how sleepy they felt. Feeling extremely alert was related to feeling 4 years younger than one's actual age, while extreme sleepiness was related to feeling 6 years older than one's actual age.

"This means that going from feeling alert to sleepy added a striking 10 years to how old one felt," says Leonie Balter, and states that the implications for our daily lives are clear:

"Safeguarding our sleep is crucial for maintaining a youthful feeling. This, in turn, may promote a more active lifestyle and encourage behaviours that promote health, as both feeling young and alert are important for our motivation to be active."
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Risk factors for faster aging in the brain revealed in new study | ScienceDaily
Researchers from the Nuffield Department of Clinical Neurosciences at the University of Oxford have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.


						
The researchers had previously identified a 'weak spot' in the brain, which is a specific network of higher-order regions that not only develop later during adolescence, but also show earlier degeneration in old age. They showed that this brain network is also particularly vulnerable to schizophrenia and Alzheimer's disease.

In this new study, published in Nature Communications, they investigated the genetic and modifiable influences on these fragile brain regions by looking at the brain scans of 40,000 UK Biobank participants aged over 45.

The researchers examined 161 risk factors for dementia, and ranked their impact on this vulnerable brain network, over and above the natural effects of age. They classified these so-called 'modifiable' risk factors -- as they can potentially be changed throughout life to reduce the risk of dementia -- into 15 broad categories: blood pressure, cholesterol, diabetes, weight, alcohol consumption, smoking, depressive mood, inflammation, pollution, hearing, sleep, socialisation, diet, physical activity, and education.

Prof. Gwenaelle Douaud, who led this study, said: 'We know that a constellation of brain regions degenerates earlier in aging, and in this new study we have shown that these specific parts of the brain are most vulnerable to diabetes, traffic-related air pollution -- increasingly a major player in dementia -- and alcohol, of all the common risk factors for dementia.'

'We have found that several variations in the genome influence this brain network, and they are implicated in cardiovascular deaths, schizophrenia, Alzheimer's and Parkinson's diseases, as well as with the two antigens of a little-known blood group, the elusive XG antigen system, which was an entirely new and unexpected finding.'

Prof. Lloyd Elliott, a co-author from Simon Fraser University in Canada, concurs: 'In fact, two of our seven genetic findings are located in this particular region containing the genes of the XG blood group, and that region is highly atypical because it is shared by both X and Y sex chromosomes. This is really quite intriguing as we do not know much about these parts of the genome; our work shows there is benefit in exploring further this genetic terra incognita.'

Importantly, as Prof. Anderson Winkler, a co-author from the National Institutes of Health and The University of Texas Rio Grande Valley in the US, points out: 'What makes this study special is that we examined the unique contribution of each modifiable risk factor by looking at all of them together to assess the resulting degeneration of this particular brain 'weak spot'. It is with this kind of comprehensive, holistic approach -- and once we had taken into account the effects of age and sex -- that three emerged as the most harmful: diabetes, air pollution, and alcohol.'

This research sheds light on some of the most critical risk factors for dementia, and provides novel information that can contribute to prevention and future strategies for targeted intervention.
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Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole | ScienceDaily
A new image from the Event Horizon Telescope (EHT) collaboration -- which includes scientists from the Center for Astrophysics | Harvard & Smithsonian (CfA) -- has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black holes. This similarity also hints toward a hidden jet in Sgr A*. The results were published today in The Astrophysical Journal Letters.


						
Scientists unveiled the first image of Sgr A* -- which is approximately 27,000 light-years away from Earth -- in 2022, revealing that while the Milky Way's supermassive black hole is more than a thousand times smaller and less massive than M87's, it looks remarkably similar. This made scientists wonder whether the two shared common traits outside of their looks. To find out, the team decided to study Sgr A* in polarized light. Previous studies of light around M87* revealed that the magnetic fields around the black hole giant allowed it to launch powerful jets of material back into the surrounding environment. Building on this work, the new images have revealed that the same may be true for Sgr A*.

"What we're seeing now is that there are strong, twisted, and organized magnetic fields near the black hole at the center of the Milky Way galaxy," said Sara Issaoun, CfA NASA Hubble Fellowship Program Einstein Fellow, Smithsonian Astrophysical Observatory (SAO) astrophysicist, and co-lead of the project. "Along with Sgr A* having a strikingly similar polarization structure to that seen in the much larger and more powerful M87* black hole, we've learned that strong and ordered magnetic fields are critical to how black holes interact with the gas and matter around them."

Light is an oscillating, or moving, electromagnetic wave that allows us to see objects. Sometimes, light oscillates in a preferred orientation, and we call it "polarized." Although polarized light surrounds us, to human eyes it is indistinguishable from "normal" light. In the plasma around these black holes, particles whirling around magnetic field lines impart a polarization pattern perpendicular to the field. This allows astronomers to see in increasingly vivid detail what's happening in black hole regions and map their magnetic field lines.

"By imaging polarized light from hot glowing gas near black holes, we are directly inferring the structure and strength of the magnetic fields that thread the flow of gas and matter that the black hole feeds on and ejects," said Harvard Black Hole Initiative Fellow and project co-lead Angelo Ricarte. "Polarized light teaches us a lot more about the astrophysics, the properties of the gas, and mechanisms that take place as a black hole feeds."

But imaging black holes in polarized light isn't as easy as putting on a pair of polarized sunglasses, and this is particularly true of Sgr A*, which is changing so fast that it doesn't sit still for pictures. Imaging the supermassive black hole requires sophisticated tools above and beyond those previously used for capturing M87*, a much steadier target. CfA postdoctoral fellow and SAO astrophysicist Paul Tiede said, "It is exciting that we were able to make a polarized image of Sgr A* at all. The first image took months of extensive analysis to understand its dynamical nature and unveil its average structure. Making a polarized image adds on the challenge of the dynamics of the magnetic fields around the black hole. Our models often predicted highly turbulent magnetic fields, making it extremely difficult to construct a polarized image. Fortunately, our black hole is much calmer, making the first image possible."

Scientists are excited to have images of both supermassive black holes in polarized light because these images, and the data that come with them, provide new ways to compare and contrast black holes of different sizes and masses. As technology improves, the images are likely to reveal even more secrets of black holes and their similarities or differences.




Michi Baubock, postdoctoral researcher at the University of Illinois Urbana-Champaign, said, "M87* and Sgr A* are different in a few important ways: M87* is much bigger, and it's pulling in matter from its surroundings at a much faster rate. So, we might have expected that the magnetic fields also look very different. But in this case, they turned out to be quite similar, which may mean that this structure is common to all black holes. A better understanding of the magnetic fields near black holes helps us answer several open questions -- from how jets are formed and launched to what powers the bright flares we see in infrared and X-ray light."

The EHT has conducted several observations since 2017 and is scheduled to observe Sgr A* again in April 2024. Each year, the images improve as the EHT incorporates new telescopes, larger bandwidth, and new observing frequencies. Planned expansions for the next decade will enable high-fidelity movies of Sgr A*, may reveal a hidden jet, and could allow astronomers to observe similar polarization features in other black holes. Meanwhile, extending the EHT into space will provide sharper images of black holes than ever before.

The CfA is leading several major initiatives to sharply enhance the EHT over the next decade. The next-generation EHT (ngEHT) project is undertaking a transformative upgrade of the EHT, aiming to bring multiple new radio dishes online, enable simultaneous multi-color observations, and increase the overall sensitivity of the array. The ngEHT expansion will enable the array to make real-time movies of supermassive black holes on event horizon scales. These movies will resolve detailed structure and dynamics near the event horizon, bringing into focus "strong-field" gravity features predicted by General Relativity as well as the interplay of accretion and relativistic jet-launching that sculpts large-scale structures in the Universe. Meanwhile, the Black Hole Explorer (BHEX) mission concept will extend the EHT into space, producing the sharpest images in the history of astronomy. BHEX will enable the detection and imaging of the "photon ring" -- a sharp ring feature formed by strongly lensed emission around black holes. The properties of a black hole are imprinted on the size and shape of the photon ring, revealing masses and spins for dozens of black holes, in turn showing how these strange objects grow and interact with their host galaxies.

The individual telescopes involved in the EHT in April 2017, when the observations were conducted, were: the Atacama Large Millimeter/submillimeter Array (ALMA), the Atacama Pathfinder Experiment (APEX), the IRAM 30-meter Telescope, the James Clerk Maxwell Telescope (JCMT), the Large Millimeter Telescope Alfonso Serrano (LMT), the Submillimeter Array (SMA), the UArizona Submillimeter Telescope (SMT), the South Pole Telescope (SPT).

Since then, the EHT has added the Greenland Telescope (GLT), which is operated by ASIAA and the CfA, the NOrthern Extended Millimeter Array (NOEMA) and the UArizona 12-meter Telescope on Kitt Peak to its network.
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Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs' | ScienceDaily
A new study is shaking up what scientists thought they knew about distant objects in the far reaches of the solar system, starting with an object called the space snowman.


						
Researchers from Brown University and the SETI Institute found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago. But that's just the beginning of their findings.

Using a new model they developed to study how comets evolve, the researchers suggest this feat of perseverance isn't unique to Arrokoth but that many objects from the Kuiper Belt -- which lies at the outermost regions of the solar system and dates back to the early formation of the solar system around 4.6 billion years ago -- may also contain the ancient ices they formed with.

"We've shown here in our work, with a rather simple mathematical model, that you can keep these primitive ices locked deep within the interiors of these objects for really long times," said Sam Birch, a planetary scientist at Brown and one of the paper's co-authors. "Most of our community had thought that these ices should be long lost, but we think now that may not be the case."

Birch describes the work in the journal Icarus with co-author Orkan Umurhan, a senior research scientist at the SETI Institute.

Until now, scientists had a hard time figuring out what happens to ices on these space rocks over time. The study challenges widely used thermal evolutionary models that have failed to account for the longevity of ices that are as temperature sensitive as carbon monoxide. The model the researchers created for the study accounts for this change and suggests that the highly volatile ices in these objects stick around much longer than was previously thought.

"We are basically saying that Arrokoth is so super cold that for more ice to sublimate -- or go directly from solid to a gas, skipping the liquid phase within it -- that the gas it sublimates into first has to have travel outwards through its porous, sponge-like interior," Birch said. "The trick is that to move the gas, you also have to sublimate the ice, so what you get is a domino effect: it gets colder within Arrokoth, less ice sublimates, less gas moves, it gets even colder, and so on. Eventually, everything just effectively shuts off, and you're left with an object full of gas that is just slowly trickling out."

The work suggests that Kuiper Belt objects can act as dormant "ice bombs," preserving volatile gases within their interiors for billions of years until orbital shifts bring them closer to the sun and the heat makes them unstable. This new idea could help explain why these icy objects from the Kuiper Belt erupt so violently when they first get closer to the sun. All of a sudden, the cold gas inside them rapidly gets pressurized and these objects evolve into comets.




"The key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan, Birch's co-author on the paper. "This study could be the initial mover for reevaluating the comet interior evolution and activity theory."

Altogether, the study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. Birch and Umurhan are co-investigators in NASA's Comet Astrobiology Exploration Sample Return (CAESAR) mission to acquire at least 80 grams of surface material from the comet 67P/Churyumov-Gerasimenko and return it to Earth for analysis.

The results from this study could help guide CAESAR's exploration and sampling strategies, helping to deepen our understanding of cometary evolution and activity.

"There may well be massive reservoirs of these primitive materials locked away in small bodies all across the outer solar system -- materials that are just waiting to erupt for us to observe them or sit in deep freeze until we can retrieve them and bring them home to Earth," Birch said.
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Hidden geometry of learning: Neural networks think alike | ScienceDaily
Penn Engineers have uncovered an unexpected pattern in how neural networks -- the systems leading today's AI revolution -- learn, suggesting an answer to one of the most important unanswered questions in AI: why these methods work so well.


						
Inspired by biological neurons, neural networks are computer programs that take in data and train themselves by repeatedly making small modifications to the weights or parameters that govern their output, much like neurons adjusting their connections to one another. The final result is a model that allows the network to predict on data it has not seen before. Neural networks are being used today in essentially all fields of science and engineering, from medicine to cosmology, identifying potentially diseased cells and discovering new galaxies.

In a new paper published in the Proceedings of the National Academy of Sciences (PNAS), Pratik Chaudhari, Assistant Professor in Electrical and Systems Engineering (ESE) and core faculty at the General Robotics, Automation, Sensing and Perception (GRASP) Lab, and co-author James Sethna, James Gilbert White Professor of Physical Sciences at Cornell University, show that neural networks, no matter their design, size or training recipe, follow the same route from ignorance to truth when presented with images to classify.

Jialin Mao, a doctoral student in Applied Mathematics and Computational Science at the University of Pennsylvania School of Arts & Sciences, is the paper's lead author.

"Suppose the task is to identify pictures of cats and dogs," says Chaudhari. "You might use the whiskers to classify them, while another person might use the shape of the ears -- you would presume that different networks would use the pixels in the images in different ways, and some networks certainly achieve better results than others, but there is a very strong commonality in how they all learn. This is what makes the result so surprising."

The result not only illuminates the inner workings of neural networks, but gestures toward the possibility of developing hyper-efficient algorithms that could classify images in a fraction of the time, at a fraction of the cost. Indeed, one of the highest costs associated with AI is the immense computational power required to develop neural networks. "These results suggest that there may exist new ways to train them," says Chaudhari.

To illustrate the potential of this new method, Chaudhari suggests imagining the networks as trying to chart a course on a map. "Let us imagine two points," he says. "Ignorance, where the network does not know anything about the correct labels, and Truth, where it can correctly classify all images. Training a network corresponds to charting a path between Ignorance and Truth in probability space -- in billions of dimensions. But it turns out that different networks take the same path, and this path is more like three-, four-, or five-dimensional."

In other words, despite the staggering complexity of neural networks, classifying images -- one of the foundational tasks for AI systems -- requires only a small fraction of that complexity. "This is actually evidence that the details of the network design, size or training recipes matter less than we think," says Chaudhari.




To arrive at these insights, Chaudhari and Sethna borrowed tools from information geometry, a field that brings together geometry and statistics. By treating each network as a distribution of probabilities, the researchers were able to make a true apples-to-apples comparison among the networks, revealing their unexpected, underlying similarities. "Because of the peculiarities of high-dimensional spaces, all points are far away from one another," says Chaudhari. "We developed more sophisticated tools that give us a cleaner picture of the networks' differences."

Using a wide variety of techniques, the team trained hundreds of thousands of networks, of many different varieties, including multi-layer perceptrons, convolutional and residual networks, and the transformers that are at the heart of systems like ChatGPT. "Then, this beautiful picture emerged," says Chaudhari. "The output probabilities of these networks were neatly clustered together on these thin manifolds in gigantic spaces." In other words, the paths that represented the networks' learning aligned with one another, showing that they learned to classify images the same way.

Chaudhari offers two potential explanations for this surprising phenomenon: first, neural networks are never trained on random assortments of pixels. "Imagine salt and pepper noise," says Chaudhari. "That is clearly an image, but not a very interesting one -- images of actual objects like people and animals are a tiny, tiny subset of the space of all possible images." Put differently, asking a neural network to classify images that matter to humans is easier than it seems, because there are many possible images the network never has to consider.

Second, the labels neural networks use are somewhat special. Humans group objects into broad categories, like dogs and cats, and do not have separate words for every particular member of every breed of animals. "If the networks had to use all the pixels to make predictions," says Chaudhari, "then the networks would have figured out many, many different ways." But the features that distinguish, say, cats and dogs are themselves low-dimensional. "We believe these networks are finding the same relevant features," adds Chaudhari, likely by identifying commonalities like ears, eyes, markings and so on.

Discovering an algorithm that will consistently find the path needed to train a neural network to classify images using just a handful of inputs is an unresolved challenge. "This is the billion-dollar question," says Chaudhari. "Can we train neural networks cheaply? This paper gives evidence that we might be able to. We just don't know how."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and Cornell University. It was supported by grants from the National Science Foundation, National Institutes of Health, the Office of Naval Research, Eric and Wendy Schmidt AI in Science Postdoctoral Fellowship and cloud computing credits from Amazon Web Services.

Other co-authors include Rahul Ramesh at Penn Engineering; Rubing Yang at the University of Pennsylvania School of Arts & Sciences; Itay Griniasty and Han Kheng Teoh at Cornell University; and Mark K. Transtrum at Brigham Young University.
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Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present | ScienceDaily
In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations?Now, a new comparative study in the Journal of Dairy Science, published by the American Dairy Science Association and Elsevier, has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the past and milk today share more similarities than differences and are still crucial building blocks of human nutrition.


						
On New Year's Day in 1908, explorer Ernest Shackleton's British Antarctic Expedition aboard the ship Nimrod set sail from Lyttelton, New Zealand, on a quest to be the first to set foot on the South Pole. While the wharf was packed with well-wishers, the ship was packed with dairy: 1,000 pounds of dried whole milk powder, 192 pounds of butter, and two cases of cheese. Shackleton and his crew would make it farther south than anyone before them -- within 100 nautical miles of the Pole -- and leave behind their base camp.

A century later, one remaining container of Defiance brand whole milk powder was discovered during the Antarctic Heritage Trust restoration project, having been frozen at Shackelton's base camp for the past 100 years.

Lead investigator Skelte G. Anema, DPhil, principal research scientist with Fonterra Research and Development Centre in Palmerston North, New Zealand, explained the discovery's significance: "The Shackleton dried milk is possibly the best-preserved sample manufactured during the pioneering years of commercial milk powder production, and its discovery gives us a once-in-a-lifetime chance to understand the similarities and differences between a roller-dried milk powder manufactured over 100 years ago with modern spray-dried counterparts."

Dr. Anema noted, "Before we had vacuum-assisted evaporation, milk powders in the early twentieth century were manufactured by a roller-drying process involving boiling-hot milk being poured between two steam-heated revolving cylinders so that the water evaporated, leaving a thin sheet of dried milk that would have been milled and sieved."

We know these early milk powders weren't as sophisticated as they are today, but what other differences existed?

With the help of the Antarctic Heritage Trust, Dr. Anema and an interdisciplinary team of scientists with the Fonterra Research and Development Centre were able to study a few hundred grams of Defiance milk. They set out to compare it with two modern-day commercial, noninstantized spray-dried whole milk powder samples from Fonterra. Their analysis involved comparing the major component composition, major and trace mineral composition, protein composition, fatty acid composition, phospholipid composition microstructural properties, color analysis, and volatile component analysis of the different whole milk powder samples.




The results proved surprising and contrary to claims of changes in milk over time.

Dr. Anema elaborated, "Despite more than a century between the samples, the composition of bulk components and detailed protein, fat, and minor components have not changed drastically in the intervening years."

The fatty acid composition, phospholipid composition, and protein composition, including casein and whey protein genetic variations, were, in general, remarkably similar.

The major mineral components were also alike between samples, except for high levels of lead, tin, iron, and other trace minerals found in the Shackleton whole milk powder -- likely from the tin-plated can it was stored in and the equipment and water supply of the day.

Dr. Anema clarified, "These issues have been essentially eliminated from modern milk powders through the use of stainless steel and quality water services."

Another notable difference was the presence of oxidation-related volatile aroma compounds in the Shackleton samples.




Dr. Anema said, "Perhaps from less-than-ideal collection and storage of the raw milk before drying, but it's much more likely that -- even in frozen conditions -- being stored in an open tin for a century is going to result in continued oxidation."

Despite the remarkable similarities, the team was eager to point out that the modern spray-dried whole milk powders were substantially superior in terms of the powder quality -- particularly regarding appearance and their ability to be easily dissolved in water.

Overall, this Antarctic time capsule provides a rare and important glimpse into the evolution of dairy food production and highlights the improvements the dairy sector has made as well as its enduring influence.

Dr. Anema noted, "The Shackleton samples are a testament to the importance of dairy products -- which are rich in protein and energy as well as flexible enough to be powdered for easy transport, preparation, and consumption."

Whether at the turn of the twentieth century or today, these results underscore the fact that dairy products serve as an essential foundation for human nutrition -- fueling our discoveries past and present.
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Old immune systems revitalized in mouse study, improving vaccine response | ScienceDaily
Planes, trains, boats, automobiles and even feet. During the past decades and centuries, global travel and human migration have made all of us more worldly -- from our broadening awareness of the world beyond our birthplaces, to our more sophisticated palates, to our immune systems that are increasingly challenged by unfamiliar bacteria and viruses.


						
In the elderly, these newly imported pathogens can gain the upper hand frighteningly quickly. Unfortunately, however, vaccination in this age group isn't as effective as it is in younger people.

Now a study conducted in mice by Stanford Medicine and the National Institute of Health's Rocky Mountain Laboratories provides tantalizing evidence that it may one day be possible to rev up an elderly immune system with a one-time treatment that modulates the composition of a type of immune cell.

The treatment significantly improved the ability of geriatric animals' immune systems to tackle a new virus head on, as well as to respond vigorously to vaccination -- enabling them to fight off a new threat months later.

"This is a real paradigm shift -- researchers and clinicians should think in a new way about the immune system and aging," said postdoctoral scholar Jason Ross, MD, PhD. "The idea that it's possible to tune the entire immune system of millions of cells simply by affecting the function of such a rare population is surprising and exciting."

Ross and Lara Myers, PhD, a research fellow at Rocky Mountain Laboratories, are the lead authors of the study, which will be published March 27 in Nature. Irving Weissman, MD, professor of pathology and of developmental biology, and Kim Hasenkrug, PhD, the chief of Rocky Mountain Laboratories' Retroviral Immunology Section, are the senior authors of the research.

A shift in the immune system

The targeted cells are a subset of what's known as hematopoietic stem cells, or HSCs. HSCs are the granddaddies of the immune system, giving rise to all the other types of blood and immune cells including B and T cells, which are collectively known as lymphocytes. As we age, our HSCs begin to favor the production of other immune cells called myeloid cells over lymphocytes. This shift hampers our ability to fully react to new viral or bacterial threats and makes our response to vaccination much less robust than that of younger people.




"Older people just don't make many new B and T cell lymphocytes," said Weissman, who is the Virginia and D.K. Ludwig Professor in Clinical Investigation in Cancer Research. "During the start of the COVID-19 pandemic it quickly became clear that older people were dying in larger numbers than younger people. This trend continued even after vaccinations became available. If we can revitalize the aging human immune system like we did in mice, it could be lifesaving when the next global pathogen arises."

Weissman was the first to isolate HSCs in mice and humans in the late 1980s. In the years since, he and his colleagues have investigated the molecular minutiae of these cells, painstakingly tracing the complicated relationships among the scores of cell types that arise in their wake.

Some of these descendants make up what's known as the adaptive immune system: highly specialized B and T lymphocytes that each recognize just one particular three-dimensional structure -- perhaps a pointy bit here or a telltale knobby clump there -- that betrays an invading virus or bacteria. Like trained assassins once they spot their mark, B lymphocytes churn out antibodies that latch onto the telltale structures and target infected or foreign cells for destruction, while various subtypes of T lymphocytes either demolish infected cells or raise a hue and cry to summon other immune cells to finish off the enemy.

The specificity of the B and T lymphocytes allows the immune system to have memory; once you've been exposed to a specific invader, the body reacts swiftly and decisively if that same pathogen is seen again. This is the basic concept behind vaccination -- trigger an initial response to a harmless mimic of a dangerous bacteria or virus. In response, the lymphocytes that recognize the invader not only give rise to cells that eliminate the infection but also generate long-lived memory B and T cells that, in some cases, can last a lifetime. Thus, the system is primed when the threat becomes real.

Another key part of our immune system is called innate immunity, and it's much less discriminating. In the blood, it's run by a class of cells called myeloid cells. Like school janitors, these cells scour the body, gobbling up any unfamiliar cells or bits of detritus. They also trigger inflammatory responses, which recruit other cells and chemicals to infected sites. Inflammation helps the body protect itself against invaders, but it can be a major problem when triggered inappropriately or overenthusiastically, and aging has been linked to chronic inflammation in humans.

An evolutionary disadvantage

Ross and Weissman knew from previous research that during aging, the number of HSCs that make balanced proportions of lymphocytes and myeloid cells decline, while those that are myeloid-biased increase their numbers. This favors the production of myeloid cells. Early in human history, when people rarely left their birthplace and lived shorter lives, this gradual change probably had no consequences (it may even have been favorable) because people were likely to encounter all their surrounding pathogens by young adulthood and be protected by their memory lymphocytes. But now it's distinctly disadvantageous.




The researchers wondered if they could tilt the balance back toward a younger immune system by depleting myeloid-leaning HSCs and allowing the more balanced HSCs to replace them. Their hunch was correct. Mice between 18 and 24 months old (doddering in the mouse world) that were treated with an antibody targeting the myeloid-leaning HSCs for destruction had more of the balanced HSCs -- and more new, naive B and T lymphocytes -- than their untreated peers even several weeks later.

"These new, naive lymphocytes provide better immune coverage for novel infections like those humans increasingly encounter as our world becomes more global," Weissman said. "Without this renewal, these new infectious agents would not be recognized by the existing pool of memory lymphocytes."

The treatment also reduced some negative outcomes like inflammation that can arise when an elderly immune system grapples with a new pathogen.

"Not only did we see a shift toward cells involved in adaptive immunity, but we also observed a dampening in the levels of inflammatory proteins in the treated animals," Ross said. "We were surprised that a single course of treatment had such a long-lasting effect. The difference between the treated and untreated animals remained dramatic even two months later."

When the treated animals were vaccinated eight weeks later against a virus they hadn't encountered before, their immune systems responded more vigorously than untreated animals', and they were significantly better able to resist infection by that virus. (In contrast, young mice used as controls passed all the challenges with flying colors.)

"Every feature of an aging immune system -- functional markers on the cells, the prevalence of inflammatory proteins, the response to vaccination and the ability to resist a lethal infection -- was impacted by this single course of treatment targeting just one cell type," Ross said.

Finally, the researchers showed that mouse and human myeloid-biased HSCs are similar enough that it may one day be possible to use a similar technique to revitalize aging human immune systems, perhaps making a person less vulnerable to novel infections and improving their response to vaccination.

"We believe that this study represents the first steps in applying this strategy in humans," Ross said.

The study also has interesting implications for stem cell biology and the way HSCs rely on biological niches, or specific neighborhoods of cells, for their longevity and function throughout our lives.

"Most people in immunology have believed that you lose these kinds of tissue-specific stem cells as you grow older," Weissman said. "But that is completely wrong. The problems arise when you start to favor one type of HSC over another. And we've shown in mice that this can be reversed. This finding changes how we think about stem cells during every stage of aging."

The study was funded by the National Institutes of Health (grants R35CA220434, R01DK115600 and R01AI143889), the Virginia and D.K. Ludwig Fund for Cancer Research, the RSNA Resident/Fellow Research Grant, a Stanford Cancer Institute Fellowship grant, and the Ellie Guardino Research Fund.
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Evolution of the most powerful ocean current on Earth | ScienceDaily
The Antarctic Circumpolar Current plays an important part in global overturning circulation, the exchange of heat and CO2 between the ocean and atmosphere, and the stability of Antarctica's ice sheets. An international research team led by the Alfred Wegener Institute and the Lamont-Doherty Earth Observatory have now used sediments taken from the South Pacific to reconstruct the flow speed in the last 5.3 million years. Their data show that during glacial periods, the current slowed; during interglacials, it accelerated. Consequently, if the current global warming intensifies in the future, it could mean that the Southern Ocean stores less CO2 and that more heat reaches Antarctica. The study was just released in the journal Nature.
What moves 100 times as much water as all the Earth's rivers combined, measures 2,000 kilometres across at its widest point, and extends all the way down to the deep sea? The Antarctic Circumpolar Current (ACC). In the past, this ocean current system, the most powerful on Earth, was subject to substantial natural fluctuation, as recent analyses of sediment cores have revealed. Colder phases in the Pliocene and subsequent Pleistocene, during which the ACC slowed, correlate to advances of the West Antarctic Ice Sheet. In warmer phases the ACC accelerated, accompanied by the retreat of the ice sheet. "This loss of ice can be attributed to increased heat transport to the south," says Dr Frank Lamy, a researcher in the Marine Geology Division of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) and first author of the Nature study. "A stronger ACC means more warm deep water reaches the ice-shelf edge of Antarctica."
"The ACC has a major influence on heat distribution and CO2 storage in the ocean. Until recently, it remained unclear how the ACC responds to climate fluctuations, and whether changes in the ACC offset or amplify the effects of warming," says Lamy. "Therefore, to improve forecasts of our future climate and the stability of the Antarctic Ice Sheet using computer simulations, we need paleo-data that can tell us something about the intensity of the ACC in past warm phases in Earth's history."
To gather that data, in 2019 an international expedition led by Lamy and geochemist Prof Gisela Winckler from the Lamont-Doherty Earth Observatory, Columbia University (USA) ventured to the central South Pacific on board the drilling ship JOIDES Resolution. There, in the subantarctic zone, the research team extracted two extensive drill cores, gathered at a depth of 3600 metres. "The drill sites are in the vicinity of Point Nemo, the point on the Earth that is farthest from any landmass or island, where the ACC flows without any influences from continental landmasses," explains Prof Helge Arz, a marine geologist at the Leibniz Institute for Baltic Sea Research in Warnemunde and one of the study's main authors. "Using the sediment deposits in this region, we can reconstruct its mean flow speed in the past."
The 145- and 213-metre-deep drill cores in the South Pacific were part of the International Ocean Discovery Program (IODP), the goal of which is to unlock Earth's history on the basis of geochemical traces left behind in marine sediments and rock formations under the seafloor. They were preceded by extensive reconnaissance work done on various expeditions with the research vessel Polarstern. The sediment cores date back 5.3 million years and encompass three entire epochs: 
    	the Pliocene, during which it was up to three degrees warmer than today and the atmospheric CO2 concentration, at more than 400 ppm, was similar to today's;
    	the Pleistocene, which began 2.6 million years ago and was characterised by alternating ice ages (glacials) and warm periods (interglacials);
    	and the Holocene, a warm period that began roughly 12,000 years ago, following the last ice age, and continues up to the present.

Drawing on the layers in the cores, which correspond to different epochs, the experts analysed the size distribution of the sediment particles, which are deposited differently on the seafloor, depending on the water's flow speed. This allowed them to trace the evolution of the ACC since the early Pliocene, when a prolonged cooling of the climate began. Sediment cores from previous Polarstern cruises to the South Pacific offered additional clues on the dynamics of the ACC.
Their findings show that, up to three million years ago in the Pliocene, the ACC first accelerated as the Earth gradually cooled. This was due to a growing temperature gradient between the Equator and Antarctica, which produced powerful westerly winds - the main motor of the ACC. Despite the prolonged cooling, it then began to slow. "The switch came at a time when the climate and the circulation in the atmosphere and the ocean experienced major changes," says Frank Lamy. "2.7 million years ago, at the end of the Pliocene, broad expanses of the Northern Hemisphere were covered in ice and the Antarctic ice sheets expanded. This was due to changes in ocean currents, set off by tectonic processes, together with a long-term cooling of the ocean and decreasing atmospheric CO2 levels."
With regard to the last 800,000 years, in which the atmospheric CO2 levels varied from 170 to 300 ppm, the researchers were able to identify a close connection between ACC strength and glacial cycles: during warm periods, in which the atmospheric CO2 levels rose, the flow speed increased by up to 80 percent compared to the present; during ice ages, it decreased by up to 50 percent. At the same time, during transitions between interglacials and glacials there was a shift in the ACC's position and therefore in the upwelling of nutrient-rich deep water in the Southern Ocean, as geochemical sediment analyses revealed. They show that the silicate shells of diatoms - the most important phytoplankton in the Southern Ocean - were deposited on the seafloor farther north in ice ages than in warm periods.
"A weaker ACC and lower atmospheric CO2 levels during the ice ages of the Pleistocene indicate less pronounced upwelling and more stratification in the Southern Ocean, that is, more CO2 storage," says Gisela Winckler. Due to anthropogenic climate change, the study concludes, the ACC could grow stronger in the future. This could impact the CO2 balance of the Southern Ocean and lead to accelerated melting of Antarctic ice.
Background: the Antarctic Circumpolar Current

As a circular current flowing clockwise around Antarctica, the Antarctic Circumpolar Current (ACC) connects the Atlantic, Pacific and Indian Oceans. As such, it has a pivotal role in global ocean circulation and, through the Atlantic conveyor belt, ultimately influences the climate in Europe. Driven by the powerful westerly winds of the subantarctic zone, and by temperature and salinity differences between the subtropics and the Southern Ocean, the ACC forms a barrier for the warm surface water of the subtropics on its way to the Antarctic. At the same time, comparatively warm deep water from the Atlantic and Pacific flows into it. Large ocean gyres that are formed in the ACC and wander south, together with the upwelling of deep water, transport heat to the ice shelves on the continental margin, especially in the Pacific sector of the Antarctic. Moreover, the upwelling produced by the ACC brings nutrients to the surface, which drives algal growth while amplifying biological carbon export to the deep sea in the process - but also the transport of CO2, which is released into the atmosphere.
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Sleeping supermassive black holes awakened briefly by shredded stars | ScienceDaily
A new investigation into an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, has revealed that these objects are not entirely what they seem. CSOs are active galaxies that host supermassive black holes at their cores. Out of these monstrous black holes spring two jets traveling in opposite directions at nearly the speed of light. But in comparison to other galaxies that boast fierce jets, these jets do not extend out to great distances -- they are much more compact. For many decades, astronomers suspected that CSOs were simply young and that their jets would eventually travel out to greater distances.


						
Now, reporting in three different papers in The Astrophysical Journal, a Caltech-led team of researchers has concluded that CSOs are not young but rather lead relatively short lives.

"These CSOs are not young," explains Anthony (Tony) Readhead, the Robinson Professor of Astronomy, Emeritus, who led the investigation. "You wouldn't call a 12-year-old dog young even though it has lived a shorter life than an adult human. These objects are a distinct species all of their own that live and die out in thousands of years rather than the millions of years that are common in galaxies with bigger jets."

In the new studies, the team reviewed literature and past observations of more than 3,000 CSO candidates, verifying 64 as real and identifying an additional 15 CSOs. All these objects had been previously observed by the National Radio Astronomy Observatory's Very Long Baseline Array (VLBA), funded by the National Science Foundation (NSF), and some had been observed by other high-resolution radio telescopes. "The VLBA observations are the most detailed in astronomy, providing images with details equivalent to measuring the width of a human hair at a distance of 100 miles," Readhead says.

The team's analysis concludes that CSOs expel jets for 5,000 years or less and then die out. "The CSO jets are very energetic jets but they seem to shut off," says Vikram Ravi, assistant professor of astronomy at Caltech and a co-author of one of the studies. "The jets stop flowing from the source."

As for what is fueling the short-lived jets, the scientists believe the cause is a tidal disruption event (TDE), which occurs when a single star wanders too close to a supermassive black hole and is devoured.

"We think that a single star gets ripped apart, and then all that energy is channeled into jets along the axis the black hole is spinning around," Readhead says. "The giant black hole starts out invisible to us, and then when it consumes a star, boom! The black hole has fuel, and we can see it."

Readhead first suspected that CSOs might be fueled by TDEs back in the 1990s, but he says the idea went largely unnoticed by the scientific community. "The hypothesis was all but forgotten because years went by before observational evidence began to mount for TDEs," he says. At the time of his original hypothesis, only three CSOs had been found.




Fast forward to 2020. Readhead, who had paused his studies of CSOs to delve into different problems in radio astronomy, decided it was time to revisit the topic. He gathered some of his colleagues together on Zoom, and they decided to comb through literature and weed out objects that had been misclassified as CSOs. Over the next two years, the team investigated more than 3,000 CSO candidates, narrowing the group down to only dozens that had the criteria to be real CSOs.

Ultimately, a picture began to emerge of CSOs as an entirely distinct family with jets that die out much sooner than their gigantic brethren, such as those of the extremely powerful Cygnus A, a galaxy that shoots out extremely powerful jets that glow brightly at radio wavelengths. These jets stretch to distances of about 230,000 light-years in each direction and last tens of millions of years. In contrast, the CSO jets extend to about 1,500 light-years at most and die out by about 5,000 years.

According to the astronomers, the CSO jets likely form when a supermassive black hole snacks on not just any star, but a substantial one.

"The TDEs we've previously seen only lasted for a few years," Ravi says. "We think that the remarkable TDEs powering CSOs last far longer because the disrupted stars are very large in size, very massive, or both."

By analyzing the varied collection of CSO radio images, the researchers say they can trace how the objects age over time, almost like looking at a photo album of a CSO's life to observe how its jets evolve. The younger CSOs have shorter jets that are closer to the black holes, while the older objects have jets that extend further out from their black hole. Though most of the jets die out, the scientists estimate that one in 100 will go onto to become long-lived like those of Cygnus A. In those rare cases, the galaxies are likely merging with other galaxies, a turbulent process that provides a large quantity of fuel.

If the discoveries of Readhead and his team are confirmed with additional observations, the CSOs will provide a whole new avenue for studying how massive stars at the centers of galaxies interact with supermassive black holes.

"These objects are indeed a distinct population with their own distinct origin, and it is up to us now to learn more about them and how they came to be," Readhead says. "Being able to study these objects on timescales of years to decades rather than millions of years has opened the door to a whole new laboratory for studying supermassive black holes and the many unexpected and unpredictable surprises they hold."
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Researchers show that introduced tardigrade proteins can slow metabolism in human cells | ScienceDaily
University of Wyoming researchers have gained further insight into how tardigrades survive extreme conditions and shown that proteins from the microscopic creatures expressed in human cells can slow down molecular processes.


						
This makes the tardigrade proteins potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

The new study, published in the journal Protein Science, examines the mechanisms used by tardigrades to enter and exit from suspended animation when faced by environmental stress. Led by Senior Research Scientist Silvia Sanchez-Martinez in the lab of UW Department of Molecular Biology Assistant Professor Thomas Boothby, the research provides additional evidence that tardigrade proteins eventually could be used to make life-saving treatments available to people where refrigeration is not possible -- and enhance storage of cell-based therapies, such as stem cells.

Measuring less than half a millimeter long, tardigrades -- also known as water bears -- can survive being completely dried out; being frozen to just above absolute zero (about minus 458 degrees Fahrenheit, when all molecular motion stops); heated to more than 300 degrees Fahrenheit; irradiated several thousand times beyond what a human could withstand; and even survive the vacuum of outer space.

They survive by entering a state of suspended animation called biostasis, using proteins that form gels inside of cells and slow down life processes, according to the new UW-led research. Co-authors of the study are from institutions including the University of Bristol in the United Kingdom, Washington University in St. Louis, the University of California-Merced, the University of Bologna in Italy and the University of Amsterdam in the Netherlands.

Sanchez-Martinez, who came from the Howard Hughes Medical Institute to join Boothby's UW lab, was the lead author of the paper.

"Amazingly, when we introduce these proteins into human cells, they gel and slow down metabolism, just like in tardigrades," Sanchez-Martinez says. "Furthermore, just like tardigrades, when you put human cells that have these proteins into biostasis, they become more resistant to stresses, conferring some of the tardigrades' abilities to the human cells."

Importantly, the research shows that the whole process is reversible: "When the stress is relieved, the tardigrade gels dissolve, and the human cells return to their normal metabolism," Boothby says.




"Our findings provide an avenue for pursuing technologies centered on the induction of biostasis in cells and even whole organisms to slow aging and enhance storage and stability," the researchers concluded.

Previous research by Boothby's team showed that natural and engineered versions of tardigrade proteins can be used to stabilize an important pharmaceutical used to treat people with hemophilia and other conditions without the need for refrigeration.

Tardigrades' ability to survive being dried out has puzzled scientists, as the creatures do so in a manner that appears to differ from a number of other organisms with the ability to enter suspended animation.
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Beethoven's genes reveal low predisposition for beat synchronization | ScienceDaily
Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a Current Biologystudy co-authored by Vanderbilt University Medical Center (VUMC) and theMax Planck Institutes for Empirical Aesthetics in Frankfurt am Main, Germany, and for Psycholinguistics in Nijmegen, the Netherlands.


						
The question of to what extent are exceptional human achievements influenced by genetic factors dates back to the early days of human genetics but seems to be easier to address today as modern molecular methods make it possible to analyze DNA of individuals throughout history.

An international team of researchers analyzed Beethoven's DNA to investigate his genetic musical predisposition, an ability closely related to musicality, by using sequences from a 2023 study in which the composer's genetic material was extracted from strands of his hair.

"For Beethoven, we used his recently sequenced DNA to calculate a polygenic score as an indicator for his genetic predisposition for beat synchronization," said Tara Henechowicz, B.Mus.Hons, M.A., a current PhD Candidate at the University of Toronto, recent visiting graduate student with the Vanderbilt Human Genetics Program, and the paper's second author.

"Interestingly, Beethoven, one of the most celebrated musicians in history, had an unremarkable polygenic score for general musicality compared to population samples from the Karolinska Institute in Sweden and Vanderbilt's BioVU Repository," she said.

The authors noted that it would be wrong to conclude from Beethoven's low polygenic score that his musical abilities were unexceptional.

"Our aim was to use this as an example of the challenges of making genetic predictions for an individual who lived over 200 years ago," Henechowicz said.




"The mismatch between the DNA-based prediction and Beethoven's musical genius provides a valuable teaching moment, because it demonstrates that DNA tests cannot give us a definitive answer about whether a given child will end up being musically gifted."

Henechowicz said the study does not discount that DNA contributes to people's musical skills, noting that prior studies have found an average heritability, which is the proportion of individual differences explained by all genetic factors, of 42% for musicality.

"In the current era of 'big data' such as Vanderbilt's BioVU repository, we have had the opportunity to look in fine detail at large groups of people to uncover the genetic underpinnings of traits such as rhythm ability or being musically active. The current study and other recent work also suggest that environment plays a key role in musical ability and engagement as well," said co-author Reyna Gordon, PhD, associate professor of Otolaryngology at VUMC and graduate co-advisor to Henechowicz.

"Polygenic scores are intended to work well for comparisons of large groups of people to tell us how genetic risk for one trait relates to the genetics involved in other traits," Henechowicz said.
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Tiniest 'starquake' ever detected | ScienceDaily
An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.


						
Named Epsilon Indi, the star is the smallest and coolest dwarf star yet observed with solar-like oscillations -- "starquakes" like those shown by the Sun. These oscillations provide indirect glimpses of stellar interiors -- just as earthquakes tell us about Earth's interior -- and so are important sources of information about the makeup of the star.

The measurements were taken by an international team, led by the Institute of Astrophysics and Space Sciences in Portugal, and including researchers from the University of Birmingham. The study is published in Astronomy and Astrophysics Letters.

The quakes were detected using a technique dubbed asteroseismology, which measures oscillations in stars. Using the ESPRESSO spectrograph, mounted at the European Southern Observatory's (ESO) Very Large Telescope (VLT), the team was able to record the oscillations with unprecedented precision.

Lead author Tiago Campante, of the Institute of Astrophysics and Space Sciences at the University of Porto, said: "The extreme precision level of these observations is an outstanding technological achievement. Importantly, this detection conclusively shows that precise asteroseismology is possible down to cool dwarfs with surface temperatures as low as 4200 degrees Celsius, about 1000 degrees cooler than the Sun's surface, effectively opening up a new domain in observational astrophysics."

Orange dwarf stars have recently become a focus in the search for habitable planets and extraterrestrial life. Professor Bill Chaplin, Head of the School of Physics & Astronomy at Birmingham, and a member of the team, said: "The mismatch between the predicted and observed sizes of these stars has implications for finding planets around them. If we use the most successful planet-finding technique -- the so-called transit method -- we get the size of the planet relative to the size of the star; if we don't size-up the star correctly, the same will be true of any small planet we have found." The detection of oscillations will help to understand and minimise these discrepancies, and improve the theoretical models of stars.

The detection of starquakes in Epsilon Indi will now inform plans to use the upcoming European Space Agency's (ESA) PLATO Mission, scheduled to be launched in 2026, to detect oscillations in many more orange dwarfs. PLATO will also be searching for planets around these stars. Birmingham has responsibility for the design and delivery of much of the asteroseismology pipeline for PLATO, the results of which will be used by thousands of researchers around the world.
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More exposure to artificial, bright, outdoor night-time light linked to higher stroke risk | ScienceDaily
People continuously exposed to bright, artificial light at night may be at increased risk of developing conditions that affect blood flow to the brain and having a stroke, according to research published today in Stroke, the peer-reviewed scientific journal of the American Stroke Association, a division of the American Heart Association.


						
Bright, outdoor lights are used at night to enhance the visibility of the environment, improving human safety and comfort. However, the excessive use of artificial light has resulted in about 80% of the world's population living in light-polluted environments, according to the study's authors.

While previous studies have linked increased exposure to bright, artificial light at night to the development of cardiovascular disease, this is one of the first studies to explore the relationship between exposure to light pollution at night and the potential risk to brain health and stroke.

"Despite significant advances in reducing traditional cardiovascular risk factors such as smoking, obesity and Type 2 diabetes, it is important to consider environmental factors in our efforts to decrease the global burden of cardiovascular disease," said one of the corresponding authors Jian-Bing Wang, Ph.D., a researcher in the department of public health and department of endocrinology of the Children's Hospital, Zhejiang University School of Medicine and the National Clinical Research Center for Children's Health in Hangzhou, China.

In a review of 28,302 adults living in China, exposure to residential outdoor nighttime light was assessed by satellite images that mapped light pollution. Cases of stroke were confirmed by hospital medical records and death certificates.

The analysis of data including six years of follow-up with participants found:
    	1,278 people developed cerebrovascular disease, including 777 ischemic (clot-caused) stroke cases and 133 hemorrhagic (bleeding) stroke cases.
    	People with the highest levels of exposure to outdoor light at night had a 43% increased risk of developing cerebrovascular disease compared to those with the lowest levels of exposure.
    	People with the highest levels of exposure to particulate matter 2.5 (PM2.5  is primarily emissions from combustion of gasoline, oil, diesel fuel or wood) had a 41% increased risk of developing cerebrovascular disease compared to participants with the lowest levels of exposure to PM2.5.
    	Participants with the highest levels of exposure to PM10 (PM10 is primarily from dust and smoke) had a 50% increased risk of developing cerebrovascular disease compared to those with the lowest exposure to PM10.
    	Participants with the highest exposure to nitrogen oxide (emissions from cars, trucks and buses, power plants and off-road equipment) had a 31% higher risk of developing cerebrovascular disease compared to those with the lowest exposure.

Of note, an additional analysis that included both outdoor light at night and pollution found that the associations with increased risk of cerebrovascular disease persisted, except for ischemic stroke.




"Our study suggests that higher levels of exposure to outdoor artificial light at night may be a risk factor for cerebrovascular disease," Wang said. "Therefore, we advise people, especially those living in urban areas, to consider reducing that exposure to protect themselves from its potential harmful impact."

Artificial sources of light include fluorescent, incandescent and LED light sources. Continuous exposure to these light sources at night can suppress melatonin production, a hormone that promotes sleep. This can disrupt the 24-hour internal clock in people and impair sleep. People with poor sleep, compared to good sleepers, are more likely to experience worse cardiovascular health over time, according to the study. The American Heart Association's Life's Essential 8 includes healthy sleep as one of the eight healthy lifestyle behaviors and health measures that drive optimal cardiovascular health.

"We need to develop more effective policies and prevention strategies to reduce the burden of disease from environmental factors such as light as well as air pollution, particularly for people living in the most densely populated, polluted areas around the world," Wang said.

Study background and details:
    	The analysis was conducted from 2015 to 2021 and included adults without cardiovascular disease who lived in Ningbo, a major port and industrial city on China's east coast, with a population of more than 8.2 million people according to the 2020 Chinese national census.
    	The average age of study participants was 62 years and about 60% were women.
    	Participants were enrolled from 2015-2018 and followed for up to six years for cerebrovascular disease, ischemic stroke and hemorrhagic stroke.
    	People with unavailable addresses or error records, missing covariate data (data not included in the original study that might alter outcomes), extreme levels of exposure to outdoor light at night, previously diagnosed with cerebrovascular disease at enrollment and within 1 year after enrollment were excluded from the analysis.

There were several limitations to the study, including that it did not obtain data on indoor lighting products and shading measures such as blackout curtains used by participants during nighttime. Additionally, satellite-based products rarely capture blue light sources, which may lead to an underestimated association between outdoor light at night and cerebrovascular disease; and the population studied was from one city in China, therefore the findings may not apply to people in other communities with different exposure to outdoor light at night. Larger prospective studies are needed to confirm these findings.
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Common household chemicals pose new threat to brain health, study finds | ScienceDaily
A team of researchers from the Case Western Reserve University School of Medicine has provided fresh insight into the dangers some common household chemicals pose to brain health. They suggest that chemicals found in a wide range of items, from furniture to hair products, may be linked to neurological conditions like multiple sclerosis and autism spectrum disorders.


						
Neurological problems impact millions of people, but only a fraction of cases can be attributed to genetics alone, indicating that unknown environmental factors are important contributors.

The new study published today in the journal Nature Neuroscience, discovered that some common home chemicals specifically affect the brain's oligodendrocytes, a specialized cell type that generates the protective insulation around nerve cells.

"Loss of oligodendrocytes underlies multiple sclerosis and other neurological diseases," said the study's principal investigator, Paul Tesar, the Dr. Donald and Ruth Weber Goodman Professor of Innovative Therapeutics and director of the Institute for Glial Sciences at the School of Medicine. "We now show that specific chemicals in consumer products can directly harm oligodendrocytes, representing a previously unrecognized risk factor for neurological disease."

On the premise that not enough thorough research has been done on the impact of chemicals on brain health, the researchers analyzed over 1,800 chemicals that may be exposed to humans. They identified chemicals that selectively damaged oligodendrocytes belong to two classes: organophosphate flame retardants and quaternary ammonium compounds. Since quaternary ammonium compounds are present in many personal-care products and disinfectants, which are being used more frequently since the COVID-19 pandemic began, humans are regularly exposed to these chemicals. And many electronics and furniture include organophosphate flame retardants.

The researchers used cellular and organoid systems in the laboratory to show that quaternary ammonium compounds cause oligodendrocytes to die, while organophosphate flame retardants prevented the maturation of oligodendrocytes.

They demonstrated how the same chemicals damage oligodendrocytes in the developing brains of mice. The researchers also linked exposure to one of the chemicals to poor neurological outcomes in children nationally.




"We found that oligodendrocytes -- but not other brain cells -- are surprisingly vulnerable to quaternary ammonium compounds and organophosphate flame retardants," said Erin Cohn, lead author and graduate student in the School of Medicine's Medical Scientist Training Program. "Understanding human exposure to these chemicals may help explain a missing link in how some neurological diseases arise."

The association between human exposure to these chemicals and effects on brain health requires further investigation, the experts warned. Future research must track the chemical levels in the brains of adults and children to determine the amount and length of exposure needed to cause or worsen disease.

"Our findings suggest that more comprehensive scrutiny of the impacts of these common household chemicals on brain health is necessary," Tesar said. "We hope our work will contribute to informed decisions regarding regulatory measures or behavioral interventions to minimize chemical exposure and protect human health."

Additional contributing researchers from Case Western Reserve School of Medicine and from the U.S. Environmental Protection Agency included Benjamin Clayton, Mayur Madhavan, Kristin Lee, Sara Yacoub, Yuriy Fedorov, Marissa Scavuzzo, Katie Paul Friedman and Timothy Shafer.

The research was supported by grants from the National Institutes of Health, National Multiple Sclerosis Society, Howard Hughes Medical Institute and New York Stem Cell Foundation, and philanthropic support by sTF5 Care and the Long, Walter, Peterson, Goodman and Geller families.
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The world is one step closer to secure quantum communication on a global scale | ScienceDaily
Researchers at the University of Waterloo's Institute for Quantum Computing (IQC) have brought together two Nobel prize-winning research concepts to advance the field of quantum communication.


						
Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

Entangled photons are particles of light that remain connected, even across large distances, and the 2022 Nobel Prize in Physics recognized experiments on this topic. Combining entanglement with quantum dots, a technology recognized with the Nobel Prize in Chemistry in 2023, the IQC research team aimed to optimize the process for creating entangled photons, which have a wide variety of applications, including secure communications.

"The combination of a high degree of entanglement and high efficiency is needed for exciting applications such as quantum key distribution or quantum repeaters, which are envisioned to extend the distance of secure quantum communication to a global scale or link remote quantum computers," said Dr. Michael Reimer, professor at IQC and Waterloo's Department of Electrical and Computer Engineering. "Previous experiments only measured either near-perfect entanglement or high efficiency, but we're the first to achieve both requirements with a quantum dot."

By embedding semiconductor quantum dots into a nanowire, the researchers created a source that creates near-perfect entangled photons 65 times more efficiently than previous work. This new source, developed in collaboration with the National Research Council of Canada in Ottawa, can be excited with lasers to generate entangled pairs on command. The researchers then used high-resolution single photon detectors provided by Single Quantum in The Netherlands to boost the degree of entanglement.

"Historically, quantum dot systems were plagued with a problem called fine structure splitting, which causes an entangled state to oscillate over time. This meant that measurements taken with a slow detection system would prevent the entanglement from being measured," said Matteo Pennacchietti, a PhD student at IQC and Waterloo's Department of Electrical and Computer Engineering. "We overcame this by combining our quantum dots with a very fast and precise detection system. We can basically take a timestamp of what the entangled state looks like at each point during the oscillations, and that's where we have the perfect entanglement."

To showcase future communications applications, Reimer and Pennacchietti worked with Dr. Norbert Lutkenhaus and Dr. Thomas Jennewein, both IQC faculty members and professors in Waterloo's Department of Physics and Astronomy, and their teams. Using their new quantum dot entanglement source, the researchers simulated a secure communications method known as quantum key distribution, proving that the quantum dot source holds significant promise in the future of secure quantum communications.
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Cool paint coatings help pedestrians feel up to 1.5 degrees Celsius cooler in urban setting | ScienceDaily
A real-world study by researchers at Nanyang Technological University, Singapore (NTU Singapore) has shown that the use of cool paint coatings in cities can help pedestrians feel up to 1.5 degrees Celsius cooler, making the urban area more comfortable for work and play.


						
Cool paint coatings contain additives that reflect the sun's heat to reduce surface heat absorption and emission. They have been touted as one way to cool down the urban area and mitigate the Urban Heat Island (UHI) effect, a phenomenon in which urban areas experience warmer temperatures than their outlying surroundings.

To date, most studies of cool paint coatings have been either simulation-based or tested in scaled-down models, and understanding of its application in real-world scenarios is limited.

Now, NTU researchers have conducted a first of its kind real-world study in the tropics to comprehensively evaluate how well cool paint coatings work in reducing city heat.

The team coated the roofs, walls, and road pavements of an industrial area in Singapore and found that by comparison with an adjacent uncoated area, the coated environment was up to two degrees Celsius cooler in the afternoon, with pedestrian thermal comfort level improving by up to 1.5 degrees Celsius, measured using the Universal Thermal Climate Index -- a common international standard for human outdoor temperature sensation that takes into account temperature, relative humidity, thermal radiation, and wind speed.

Lead author Dr. E V S Kiran Kumar Donthu, who completed the work as a Research Fellow at Energy Research Institute said, "Our study provides evidence that cool paint coatings reduce heat build-up and contribute to the cooling of the urban environment. This is a minimally intrusive solution for urban cooling that has an immediate effect, compared to other options that often require major urban redevelopment to deploy. Moreover, by reducing the amount of heat absorbed in urban structures, we also reduce heat load in buildings, consequently reducing indoor air-conditioning energy consumption."

Lead investigator, Associate Professor Wan Man Pun at the NTU School of Mechanical & Aerospace Engineering (MAE), said, "Findings from the study are not just relevant for cities in Singapore where it is hot all year round, but for other urban areas around the world too. With global warming, people will increasingly look for ways to stay cool. Our study validates how cool paint coatings can be a strategy to reduce the urban heat island effect in future."

The study, published in Sustainable Cities and Society in March, supports the NTU 2025 strategic plan, which seeks to address humanity's grand challenges on sustainability and accelerate the translation of research discoveries into innovations that mitigate human impact on the environment.




Real-world experiments in 'street canyons' 

To carry out their real-world experiments, the NTU researchers selected four rectangular buildings that created two parallel 'street canyons' -- narrow streets flanked by buildings -- in an industrial estate west of Singapore managed by JTC Corporation.

One canyon, or 'cool canyon' was coated with cool paints on the roofs, walls, and road pavement, while the other (conventional) canyon remained as it was as a 'control' for the experiment.

Using environmental sensors, the NTU team monitored the conditions in the two canyons over two months, which included air movement, surface and air temperature, humidity, and radiation, to see how well the cool paint coatings worked in reducing city heat.

The researchers found that during a 24-hour cycle, the cool canyon saw up to a 30 per cent reduction in heat released from the built-up surfaces, resulting in the air temperature in the cool canyon being cooler than the conventional canyon by up to two degrees Celsius during the hottest time of the day, at around 4pm. As a result, pedestrians in the cool canyon can feel up to 1.5 degrees Celsius cooler.

The NTU research team also found that air temperature in the cool canyon was lowered because less heat was absorbed by and stored in the building walls, roofs, and roads, and which would subsequently have been released to either heat up the surrounding air or the building's interior.




Compared to conventional roofs, the roofs with the cool paint coating reflected 50 per cent more sunlight and absorbed up to 40 per cent less heat as a result, during the hottest time of a sunny day. The coated walls also prevented most of the heat from entering the industrial buildings.

Co-author, Assistant Professor Ng Bing Feng at the NTU School of MAE, said, "Our study showed that cool paint coating on the road significantly helped lower the hottest temperatures in the cool canyon, confirming that cool paint coating can be a promising way to make urban areas cooler and more comfortable, especially during hot weather. We hope findings from our study will encourage more urban planners to adopt cool paint coatings on more built-up surfaces, on a large scale."

In future research, the NTU team will focus on how the cool paint coating holds up over time in the same experiment location.

The research is supported by JTC Corporation and Singapore's Housing & Development Board.
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A self-cleaning wall paint | ScienceDaily
Typically, beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the colour changes and needs to be renewed.


						
A research team from TU Wien and the Universita Politecnica delle Marche (Italy) has now succeeded in developing special titanium oxide nanoparticles that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunlight not only to bind substances from the air, but also to decompose them afterwards. The wall makes the air cleaner -- and cleans itself at the same time. Waste was used as the raw material for the new wall paint: metal scrap, which would otherwise have to be discarded, and dried fallen leaves.

Modified titanium oxide in the wall paint

A wide variety of pollutants occur in indoor air -- from residues of cleaning agents and hygiene products to molecules that are produced during cooking or that are emitted by materials such as leather. In some cases, this can lead to health issues, which is then referred to as "sick building syndrome."

"For years, people have been trying to use customized wall paints to clean the air," says Prof. Gunther Rupprechter from the Institute of Materials Chemistry at TU Wien. "Titanium oxide nanoparticles are particularly interesting in this context. They can bind and break down a wide range of pollutants."

However, simply adding ordinary titanium oxide nanoparticles to the paint will affect the durability of the paint: just as pollutants are degraded by the nanoparticles, they can also make the paint itself unstable and create cracks. In the worst case, volatile organic compounds can even be released, which in turn can be harmful to health. After a certain time, the paint layer becomes gray and tinted, finally it has to be renewed.

Self-cleaning by light

However, the nanoparticles can clean themselves if they are irradiated with UV light. Titanium oxide is a so-called photocatalyst -- a material that enables chemical reactions when exposed to suitable light. The UV radiation creates free charge carriers in the particles, which induce decomposition of the trapped pollutants from air into small parts and their release. In this way, the pollutants are rendered harmless, but do not remain permanently attached to the wall paint. The wall colour remains stable in the long term.




In practice, however, this is of little use -- after all, it would be tedious to repeatedly irradiate the wall with intense UV light in order to drive the self-cleaning process. "Our goal was therefore to modify these particles in such a way that the photocatalytic effect can also be induced by ordinary sunlight," explains Gunther Rupprechter.

This is achieved by adding certain additional atoms to the titanium oxide nanoparticles, such as phosphorus, nitrogen, and carbon. As a result, the light frequencies that can be harvested by the particles change, and instead of just UV light, photocatalysis is then also triggered by ordinary visible light.

96% pollutant removal

"We have now investigated this phenomenon in great detail using a variety of different surface and nanoparticle analysis methods," says Qaisar Maqbool, the first author of the study. "In this way, we were able to show exactly how these particles behave, before and after they were added to the wall paint."

The research team mixed the modified titanium oxide nanoparticles with ordinary, commercially available wall paint and rinsed a painted surface with a solution containing pollutants. Subsequently, 96% of the pollutants could be degraded by natural sunlight. The colour itself does not change -- because the pollutants are not only bound, but also broken down with the help of sunlight.

Waste as a raw material

For the commercial success of such paints, it is also important to avoid expensive raw materials . "In catalysis, for example, precious metals such as platinum or gold are used. In our case, however, elements that are readily available from everywhere are sufficient: To obtain phosphorus, nitrogen and carbon, we have used dried fallen leaves from olive trees, and the titanium for the titanium oxide nanoparticles was obtained from metal waste, which is normally simply thrown away," says Gunther Rupprechter.

This new type of wall paint combines several advantages at the same time: it removes pollutants from the air, it lasts longer than other paints -- and it is even more resource-saving in production as it can be obtained from recycled materials. Further experiments are being carried out, and commercialisation of the wall paint is intended.
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Persian plateau unveiled as crucial hub for early human migration out of Africa | ScienceDaily
A new study combining genetic, palaeoecological, and archaeological evidence has unveiled the Persian Plateau as a pivotal geographic location serving as a hub for Homo sapiens during the early stages of their migration out of Africa.


						
This revelation sheds new light on the complex journey of human populations, challenging previous understandings of our species' expansion into Eurasia.

The study, published in Nature Communications, highlights a crucial period between approximately 70,000 to 45,000 years ago when human populations did not uniformly spread across Eurasia, leaving a gap in our understanding of their whereabouts during this time frame.

Key findings from the research include:
    	    The Persian plateau as a hub for early human settlement: Using a novel genetic approach combined with palaeoecological modelling, the study revealed the Persian Plateau as the region where from population waves that settled all of Eurasia originated.
    
    	    This region emerged as a suitable habitat capable of supporting a larger population compared with other areas in West Asia.
    
    	    Genetic resemblance in ancient and modern populations: The genetic component identified in populations from the Persian Plateau underlines its long-lasting differentiation in the area, compatible with the hub nature of the region, and is ancestral to the genetic components already known to have inhabited the Plateau.
    
    	    


Such a genetic signature was detected thanks to a new approach that disentangles 40,000 years of admixture and other confounding events. This genetic connection underscores the Plateau's significance as a pivotal location for early human settlement and subsequent migrations.
    

Study co-author Professor Michael Petraglia, Director of Griffith University's Australian Research Centre for Human Evolution, provided a much clearer picture of these early human movements.

"Our multidisciplinary study provides a more coherent view of the ancient past, offering insights into the critical period between the Out of Africa expansion and the differentiation of Eurasian populations," Professor Petraglia said.

"The Persian Plateau emerges as a key region, underlining the need for further archaeological explorations."

First author Leonardo Vallini of the University of Padova, Italy, said: "The discovery elucidates a 20,000 year long portion of the history of Homo sapiens outside of Africa, a timeframe during which we interacted with Neanderthal populations, and sheds light on the relationships between various Eurasian populations, providing crucial clues for understanding the demographic history of our species across Europe, East Asia, and Oceania."

Senior author, Professor Luca Pagani added: "The revelation of the Persian Plateau as a hub for early human migration opens new doors for archaeological exploration, enriching our understanding of our species' journey across continents and highlighting this region's pivotal role in shaping human history."
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Astronomers discover 49 new galaxies in under three hours | ScienceDaily
A team of international astronomers have discovered 49 new gas-rich galaxies using the MeerKAT radio telescope in South Africa from observations that were not even three hours long and were made possible by IDIA (Inter-University Institute of Data Intensive Astronomy).


						
Dr. Marcin Glowacki, from the Curtin University node of the International Centre for Radio Astronomy Research (ICRAR) in Western Australia, led the research, which aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, Dr. Glowacki instead discovered other galaxies while inspecting the data.

In total, the gas of 49 galaxies was detected. Dr Glowacki said this was a great example of how fantastic an instrument like MeerKAT is for finding the star-forming gas in galaxies.

"I did not expect to find almost fifty new galaxies in such a short time," he said. "By implementing different techniques for finding galaxies, which are used for other MeerKAT surveys, we were able to detect all of these galaxies and reveal their gas content."

The new galaxies have been informally nicknamed the 49ers -- a reference to the 1849 California gold rush miners. Dr Glowacki views the 49 new galaxies as valuable as gold nuggets in our night sky. Many galaxies are near each other, forming galaxy groups, with several identified in one observation.

Three galaxies, in particular, are directly connected by their gas.

Dr Glowacki said, "These three are particularly interesting, as by studying the galaxies at other wavelengths of light, we discovered the central galaxy is forming many stars. It is likely stealing the gas from its companion galaxies to fuel its star formation, which may lead the other two to become inactive."

Professor Ed Elson, from the University of the Western Cape and a co-author of the paper, said, "This discovery highlights the raw power of the MeerKAT telescope as an imaging instrument. The methods we developed and implemented to study the 49ers will be useful for MeerKAT large science surveys, and smaller observing campaigns such as ours."

The discovery was no accident. Recently, an ICRAR summer student, Jasmine White, working with Dr Glowacki, helped find even more gas-rich galaxies in other short observations made by MeerKAT.

"We hope to continue our studies and share even more discoveries of new gas-rich galaxies with the wider community soon," Dr Glowacki said.
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Unintended consequences of fire suppression | ScienceDaily
The escalation of extreme wildfires globally has prompted a critical examination of wildfire management strategies. A new study from the University of Montana reveals how fire suppression ensures that wildfires will burn under extreme conditions at high severity, exacerbating the impacts of climate change and fuel accumulation.


						
The study used computer simulations to show that attempting to suppress all wildfires results in fires burning with more severe ecological impacts, with accelerated increases in burned area beyond those expected from fuel accumulation or climate change.

"Fire suppression has unintended consequences," said lead author Mark Kreider, a Ph.D. candidate in the forest and conservation sciences program at UM. "We've known for a long time that suppressing fires leads to fuel accumulation. Here, we show a separate counter-intuitive outcome."

Though fire suppression reduces the overall area burned, it mainly eliminates low- and moderate-intensity fires. As a result, the remaining fires are biased to be more extreme, Kreider said. The new study published March 25 in Nature Communications, shows how this "suppression bias" causes average fire severity to increase substantially.

"Over a human lifespan, the modeled impacts of the suppression bias outweigh those from fuel accumulation or climate change alone," he said. "This suggests that suppression may exert a significant and underappreciated influence on patterns of fire globally."

Kreider led the research as part of his Ph.D. dissertation work with the support of a National Science Foundation Graduate Research Fellowship.

Fire suppression exacerbated the trends already caused by climate change and fuel accumulation, the study found, causing areas burned to increase three to five times faster over time relative to a world with no suppression.




Suppression, through preferentially removing low- and moderate-severity fire, also raised average fire severity by an amount equivalent to a century of fuel accumulation or climate change.

"By attempting to suppress all fires, we are bringing a more severe future to the present," said Kreider.

Andrew Larson, Kreider's Ph.D. adviser and a professor of forest ecology at UM, said this has significant impacts on ecosystems.

"Traditional suppression removes the low-severity fires that help perpetuate healthy forests by consuming fuels and preferentially killing thin-barked tree species," Larson said. "I wonder how much we are altering natural selection with fire suppression by exposing plants and animals to relatively less low-severity fire and relatively more high-severity fire."

However, the new findings also show that allowing more low- and moderate-intensity fire can reduce or reverse the impacts of the suppression bias. Suppression strategies that allow fire to burn under moderate weather conditions -- while still suppressing fires during more dangerous fire weather -- reduced average fire severity and moderated the rate of burned area increase, the team found.

"It may seem counterintuitive, but our work clearly highlights that part of addressing our nation's fire crisis is learning how to accept more fires burning when safely possible," said Philip Higuera, a co-author and UM professor of fire ecology. "That's as important as fuels reduction and addressing global warming."

Developing and implementing technologies and strategies to safely manage wildfires during moderate burning conditions is essential, Kreider said. This approach may be just as effective as other necessary interventions, like mitigating climate change and decreasing unintentional human-related ignitions.
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Wild bird gestures 'after you' | ScienceDaily

A thumbs up, waving goodbye or pointing out a book on a shelf. These gestures and many more are an integral part of how we communicate. Such gestures were once thought to be used exclusively by humans, until closer observations of great apes, such as chimpanzees and bonobos, revealed that they too move their bodies to communicate nonverbally. In more recent years, studies on other animals, such as ravens and fish, have shown that they also use some simple gestures to, for example, point out objects or show something of interest, called deictic gesturing. However, symbolic gestures, such as showing an open hand to signal "after you," require complex cognitive skills, and there was no conclusive evidence supporting the existence of such abilities in animals other than humans.

Researchers at the University of Tokyo were therefore surprised to find clear evidence of symbolic gesture use by a small wild bird, the Japanese tit. "In our latest discovery, we revealed that the Japanese tit uses gestures to communicate with their mate," said Associate Professor Toshitaka Suzuki from the University of Tokyo. "For over 17 years, I have been engaged in the study of these fascinating birds. They not only use specific calls to convey particular meanings, but also combine different calls into phrases using syntactic rules. These diverse vocalizations led me to initiate this research into their potential use of physical gestures."

In spring, Japanese tits form mating pairs and build their nest inside a tree cavity with a small entrance. Suzuki and his co-researcher, Norimasa Sugita, also from the University of Tokyo, observed the behavior of 16 parent birds (eight pairs) breeding in nest boxes. When feeding their nestlings, the birds enter the nest one at a time. The researchers noticed that when carrying food back to the nest, the birds would often find a perch nearby first and then one would flutter their wings toward the other. By analyzing over 320 nest visitations in detail, the researchers saw that the wing-fluttering display prompted the mate who was being fluttered at to enter the nest box first, while the one who fluttered entered second, determining the order of nest entry and mirroring the "after you" gesture observed in human communication.

"We were surprised to find that the results were much clearer than we had expected. We observed that Japanese tits flutter their wings exclusively in the presence of their mate, and upon witnessing this behavior, the mate almost always entered the nest box first," explained Suzuki. The gesture was performed more often by the female birds, after which the male usually entered the nest box, regardless of which had arrived first. If the female didn't flutter her wings, then she usually entered the nest box before the male.

The researchers believe this behavior fulfills the criteria to be classified as a symbolic gesture because it only occurred in the presence of a mate, it stopped after the mate entered the nest box and it encouraged the mate to enter the nest box without any physical contact. They also noted that the wing-fluttering "after-you" gesture was aimed at the mate and not the nest box, meaning that it wasn't being used as a deictic gesture to indicate the position of something of interest.

"There is a hypothesis that walking on two legs allowed humans to maintain an upright posture, freeing up their hands for greater mobility, which in turn contributed to the evolution of gestures. Similarly, when birds perch on branches, their wings become free, which we think may facilitate the development of gestural communication," said Suzuki. "We will continue to decipher what birds are talking about through gestures, vocalizations and their combinations. This endeavor not only enables us to uncover the rich world of animal languages, but also serves as a crucial key to unraveling the origins and evolution of our own language."
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Stem cell model offers first glimpse of early human embryonic development | ScienceDaily
It's one of life's most defining moments -- that crucial step in embryonic development, when an indistinct ball of cells rearranges itself into the orderly three-layered structure that sets the stage for all to come. Known as gastrulation, this crucial process unfolds in the third week of human development. "Gastrulation is the origin of our own individualization, the emergence of our axis," says Rockefeller's Ali Brivanlou. "It is the first moment that separates our heads from our behinds."


						
Observing the molecular underpinnings of this pivotal event would go a long way toward helping scientists prevent miscarriages and developmental disorders. But studying human gastrulation has proven both technologically difficult and ethically complicated, and thus current approaches have had limited success in expanding our understanding of early human development. Now Brivanlou and colleagues have demonstrated how a stem cell model system known as a blastoid can allow the study of the nuances of human gastrulation in the presence of pre-implantation extra-embryonic cell types. Their study, published in Stem Cell Reports, describes the scientific and clinical potential of this new platform.

"Gastrulation was a tremendous black box. We had never seen ourselves at that stage," Brivanlou says. "This moves us closer to understanding how we begin."

A better blastocyst

Prior to implantation, an embryo is a ball of about 250 cells organized as a blastocyst. This elusive ball of cells was difficult to study directly, so scientists developed blastoids -- stem-cell-based blastocyst models. Blastoids can be cloned, experimentally manipulated, and programmed, allowing scientists to study identical blastoids over and over again.

The question was whether blastoids could gastrulate in vitro. Unlike a blastocyst in vivo, which rolls around in the uterus until it attaches to maternal tissue, blastoids were good at modeling the ball of cells from which life emerges, but it remained unclear whether this in vitro model could model later stages of human development. That is, until Brivanlou developed a platform to allow blastoids to attach in vitro, and thereby progress toward gastrulation.

"We were then able to see epiblast symmetry breaking, marked by BRA expression, for the first time with the high molecular resolution," says Riccardo De Santis, a research associate in the Brivanlou lab and lead author on the study. "This allowed us to start asking more detailed questions about the earliest moments of life."

With this unprecedented clarity, the team directly observed two key moments in gastrulation: the first epiblast symmetry-breaking event and the emergence of the molecular markers of the primitive streak and mesoderm upon in vitro attachment.




The primitive streak is a structure that marks the beginning of gastrulation and lays the foundation for the three primary layers of the embryo. One of those layers, the mesoderm, forms during gastrulation and gives rise to muscles, bones, and the circulatory system. The team discovered that, as early as seven days after attachment, they were already able to use molecular markers to detect the earliest signature of a nascent primitive streak and mesodermal cells.

To confirm their findings, the team also compared the blastoid results with data from in vitro attached human embryos and demonstrated that blastoids express the same genes in vitro that a regular embryo would at that stage in vivo, a strong demonstration of the power of blastoids as models for human embryonic development. Further highlighting the power of the lab's in vitro attached blastoid system, the team then used it to demonstrate that pathways that regulate the rise of the primitive streak and mesoderm in vivo also regulate blastoids symmetry breaking in vitro -- all with nothing but stem-cell-derived blastoid models.

Along the way, the team also demonstrated that gastrulation in vitro can begin at day 12, earlier than once thought. "This will change textbooks," Brivanlou says. "We've contributed to redefining the molecular signature and timing of the onset of gastrulation upon in vitro attachment."

Therapeutic possibilities

The results demonstrate that blastoids, when combined with the Brivanlou lab's unique attachment platform, are now capable of conveying insights into early human development that have long been inaccessible. De Santis envisions a future in which blastoid-based research leads to advancements in diagnosing and treating developmental disorders, or offers insights into potential causes of early miscarriages during gastrulation.

"Many couples can't have babies because the embryo doesn't attach properly, and many miscarriages occur in the first few weeks of pregnancy," De Santis explains. "We now have a model system that can help us understand the molecular mechanism that defines whether a pregnancy will be successful or not." In the near future, De Santis hopes to combine this method with machine learning to help predict pregnancy outcomes and the trajectories of developmental disorders by observing how model blastoids built with particular genetic makeups fare in vitro.

"A better understanding of gastrulation -- and the ability to study it with a reliable model system -- impacts everything from survival of the fetus to autism to neurodegeneration."
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Scientists explore complex pattern of tipping points in the Atlantic's current system | ScienceDaily
An international team of scientists have warned against relying on nature providing straightforward 'early warning' indicators of a climate disaster, as new mathematical modelling shows new fascinating aspects of the complexity of the dynamics of climate.


						
It suggests that the climate system could be more unpredictable than previously thought.

By modelling the Atlantic meridional overturning circulation, one of the main ocean current systems, the team which included mathematicians from the University of Leicester have found that the stability of the system is much more complex than simple 'on-off' states as previously assumed. Switches between these states might lead to major changes in the regional climate of the North Atlantic region, yet a far cry from the massive impacts of a transition between the qualitatively different states.

But some of these minor transitions might eventually upscale to cause a major changeover between the qualitatively different states, with massive global climatic impacts. Early warning signals might be unable to distinguish the degree of severity of the ensuing tipping points. Like a tower of Jenga blocks, removing some blocks may affect the stability of the system, but we cannot be certain which block will bring the whole system tumbling down.

Their findings are published in Science Advances today (22 March) in a paper led by the Niels Bohr Institute at the University of Copenhagen.

The Atlantic meridional overturning circulation is one of the most important fundamental features of the climate system. It transports heat from low to high latitudes in the northern Atlantic, so it helps create positive thermal anomalies in northern and western Europe and in the North Atlantic region downwind. A slowdown of the circulation would result in a relative cooling in this region.

Predicting the behaviour of our climate, as in the Atlantic meridional overturning circulation, is challenging due to its incredible complexity. Scientists either need a model of the highest possible resolution, or try to understand its behaviour using a less resource intensive model that allows for rigorous statistical analysis.




Professor Valerio Lucarini from the University of Leicester School of Mathematical and Computer Science said: "Within each state there is a multiplicity of nearby states. Depending on where or what you are observing, you might find some indicators of nearing collapse. But it is not obvious whether this collapse will be contained to nearby states or lead to a major upheaval, because the indicators only reflect the local properties of the system.

"These states are the different ways that the Atlantic meridional overturning circulation organises itself at large scales, with key implications for the global climate and especially regionally in the North Atlantic. Under some scenarios, the circulation could reach a 'tipping point' where the system is no longer stable and will collapse. Early warning indicators tell us that the system might be jumping to another state, but we do not know how different it will be.

"In a separate investigation we have seen something similar occurring in paleoclimatic records: when you change your timescale of interest -- just like a magnification lens -- you can discover smaller and smaller scale distinct features that are indicative of competing modes of operation of the global climate. Paleoclimatic records of the last 65 million years allowed us to provide a new interpretation of the climate evolution over that time period, and reveal these multiple competing states.

"This study paves the way to looking at the climate through the lens of statistical mechanics and complexity theory. It really stimulates a new outlook of climate, in which you have to put together complex numerical simulations, observational evidence and theory in an unavoidable mixture. You have to appreciate and endorse this complexity. There is no shortcut, no free lunch in our understanding of climate, but we are learning a lot from it."
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Researchers take major step toward developing next-generation solar cells | ScienceDaily
The solar energy world is ready for a revolution. Scientists are racing to develop a new type of solar cell using materials that can convert electricity more efficiently than today's panels.


						
In a new paper published February 26 in the journal Nature Energy, a University of Colorado Boulder researcher and his international collaborators unveiled an innovative method to manufacture the new solar cells, known as perovskite cells, an achievement critical for the commercialization of what many consider the next generation of solar technology.

Today, nearly all solar panels are made from silicon, which boast an efficiency of 22%. This means silicon panels can only convert about one-fifth of the sun's energy into electricity, because the material absorbs only a limited proportion of sunlight's wavelengths. Producing silicon is also expensive and energy intensive.

Enter perovskite. The synthetic semiconducting material has the potential to convert substantially more solar power than silicon at a lower production cost.

"Perovskites might be a game changer," said Michael McGehee, a professor in the Department of Chemical and Biological Engineering and fellow with CU Boulder's Renewable & Sustainable Energy Institute.

Scientists have been testing perovskite solar cells by stacking them on top of traditional silicon cells to make tandem cells. Layering the two materials, each absorbing a different part of the sun's spectrum, can potentially increase the panels' efficiency by over 50%.

"We're still seeing rapid electrification, with more cars running off electricity. We're hoping to retire more coal plants and eventually get rid of natural gas plants," said McGehee. "If you believe that we're going to have a fully renewable future, then you're planning for the wind and solar markets to expand by at least five to ten- fold from where it is today."

To get there, he said, the industry must improve the efficiency of solar cells.




But a major challenge in making them from perovskite at a commercial scale is the process of coating the semiconductor onto the glass plates which are the building blocks of panels. Currently, the coating process has to take place in a small box filled with non-reactive gas, such as nitrogen, to prevent the perovskites from reacting with oxygen, which decreases their performance.

"This is fine at the research stage. But when you start coating large pieces of glass, it gets harder and harder to do this in a nitrogen filled box," McGehee said.

McGehee and his collaborators set off to find a way to prevent that damaging reaction with the air. They found that adding dimethylammonium formate, or DMAFo, to the perovskite solution before coating could prevent the materials from oxidizing. This discovery enables coating to take place outside the small box, in ambient air. Experiments showed that perovskite cells made with the DMAFo additive can achieve an efficiency of nearly 25% on their own, comparable to the current efficiency record for perovskite cells of 26%.

The additive also improved the cells' stability.

Commercial silicon panels can typically maintain at least 80% of their performance after 25 years, losing about 1% of efficiency per year. Perovskite cells, however, are more reactive and degrade faster in the air. The new study showed that the perovskite cell made with DMAFo retained 90% of its efficiency after the researchers exposed them to LED light that mimicked sunlight for 700 hours. In contrast, cells made in the air without DMAFo degraded quickly after only 300 hours.

While this is a very encouraging result, there are 8,000 hours in one year, he noted. So longer tests are needed to determine how these cells hold up overtime.




"It's too early to say that they are as stable as silicon panels, but we're on a good trajectory toward that," McGehee said.

The study brings perovskite solar cells one step closer to commercialization. At the same time, McGehee's team is actively developing tandem cells with a real-world efficiency of over 30% that have the same operational lifetime as silicon panels.

McGehee leads a U.S. academic-industry partnership called Tandems for Efficient and Advanced Modules using Ultrastable Perovskites (TEAMUP). Together with researchers from three other universities, two companies and a national laboratory, the consortium received $9 million funding from the U.S. Department of Energy last year to develop stable tandem perovskites that can feasibly be used in the real world and are commercially viable. The goal is to create tandem more efficient than conventional silicon panels and equally stable over a 25-year period.

With higher efficiency and potentially lower price tags, these tandem cells could have broader applications than existing silicon panels, including potential installation on the roofs of electric vehicles. They could add 15 to 25 miles of range per day to a car left out in the sun, enough to cover many people's daily commutes. Drones and sailboats could also be powered by such panels.

After a decade of research in perovskites, engineers have built perovskite cells that are as efficient as silicon cells, which were invented 70 years ago, McGehee said. "We are taking perovskites to the finish line. If tandems work out well, they certainly have the potential to dominate the market and become the next generation of solar cells," he said.
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If faces look like demons, you could have this extraordinary condition | ScienceDaily
Imagine if every time you saw a face, it appeared distorted. Well, for those who have a very rare condition known as prosopometamorphopsia (PMO), which causes facial features to appear distorted, that is reality.


						
As the Dartmouth-based website about prosopometamorphopsia explains, "'Prosopo' comes from the Greek word for face 'prosopon' while 'metamorphopsia' refers to perceptual distortions.''' Specific symptoms vary from case to case and can affect the shape, size, color, and position of facial features. The duration of PMO also varies; it "can last for days, weeks, or even years."

A new Dartmouth study published in the "Clinical Pictures" section of The Lancet reports on a unique case of a patient with PMO. The research is the first to provide accurate and photorealistic visualizations of the facial distortions experienced by an individual with PMO.

The patient, a 58-year-old male with PMO, sees faces without any distortions when they are viewed on a screen and on paper, but he sees distorted faces that appear "demonic" when viewed in-person. Most PMO cases however, see distortions in all contexts, so his case is especially rare and presented a unique opportunity to accurately depict his distortions.

For the study, the researchers took a photograph of a person's face. Then, they showed the patient the photograph on a computer screen while he looked at the real face of the same person. The researchers obtained real-time feedback from the patient on how the face on the screen and the real face in front of him differed, as they modified the photograph using computer software to match the distortions perceived by the patient.

"In other studies of the condition, patients with PMO are unable to assess how accurately a visualization of their distortions represents what they see because the visualization itself also depicts a face, so the patients will perceive distortions on it too," says lead author Antonio Mello, a PhD student in the Department of Psychological and Brain Sciences at Dartmouth. In contrast, this patient doesn't see distortions on a screen. This means that the researchers were able to modify the face in the photograph, and the patient could accurately compare how similar his perception of the real face was to the manipulated photograph. "Through the process, we were able to visualize the patient's real-time perception of the face distortions," says Mello.

In their research with other PMO cases, the co-authors state that some of their PMO participants have seen health professionals who wanted to help but diagnosed them with another health condition, not PMO.

"We've heard from multiple people with PMO that they have been diagnosed by psychiatrists as having schizophrenia and put on anti-psychotics, when their condition is a problem with the visual system," says senior author Brad Duchaine, a professor of psychological and brain sciences and principal investigator of the Social Perception Lab at Dartmouth.

"And it's not uncommon for people who have PMO to not tell others about their problem with face perception because they fear others will think the distortions are a sign of a psychiatric disorder," says Duchaine. "It's a problem that people often don't understand."

Through their paper, the researchers hope to increase public awareness of what PMO is.
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James Webb Space Telescope captures the end of planet formation | ScienceDaily
Scientists believe that planetary systems like our solar system contain more rocky objects than gas-rich ones. Around our sun, these include the inner planets -- Mercury, Venus, Earth and Mars -- the asteroid belt and the Kuiper belt objects such as Pluto.


						
Jupiter, Saturn, Uranus and Neptune, on the other hand, contain mostly gas. But scientists also have known for a long time that planet-forming disks start out with 100 times more mass in gas than solids, which leads to a pressing question: When and how does most of the gas leave a nascent planetary system?

A new study led by Naman Bajaj at the University of Arizona Lunar and Planetary Laboratory, published in the Astronomical Journal, provides answers. Using the James Webb Space Telescope, or JWST, the team obtained images from such a nascent planetary system -- also known as a circumstellar disk -- in the process of actively dispersing its gas into surrounding space.

"Knowing when the gas disperses is important as it gives us a better idea of how much time gaseous planets have to consume the gas from their surroundings," said Bajaj, a second-year doctoral student at UArizona's Lunar and Planetary Laboratory. "With unprecedented glimpses into these disks surrounding young stars, the birthplaces of planets, JWST helps us uncover how planets form."

During the very early stages of planetary system formation, planets coalesce in a spinning disk of gas and tiny dust around the young star, according to Bajaj. These particles clump together, building up into bigger and bigger chunks called planetesimals. Over time, these planetesimals collide and stick together, eventually forming planets. The type, size and location of planets that form depend on the amount of material available and how long it remains in the disk.

"So, in short, the outcome of planet formation depends on the evolution and dispersal of the disk," Bajaj said.

At the heart of this discovery is the observation of T Cha, a young star -- relative to the sun, which is about 4.6 billion years old -- enveloped by an eroding circumstellar disk notable for a vast dust gap, spanning approximately 30 astronomical units, or au, with one au being the average distance between the Earth and the sun.




Bajaj and his team were able, for the first time, to image the disk wind, as the gas is referred to when it slowly leaves the planet-forming disk. The astronomers took advantage of the telescope's sensitivity to light emitted by an atom when high-energy radiation -- for example, in starlight -- strips one or more electrons from its nucleus. This is known as ionization, and the light emitted in the process can be used as a sort of chemical "fingerprint" -- in the case of the T Cha system, tracing two noble gases, neon and argon. The observations also mark the first time a double ionization of argon has been detected in a planet-forming disk, the team writes in the paper.

"The neon signature in our images tells us that the disk wind is coming from an extended region away from the disk," Bajaj said. "These winds could be driven either by high-energy photons -- essentially the light streaming from the star -- or by the magnetic field that weaves through the planet-forming disk."

In an effort to differentiate between the two, the same group, this time led by Andrew Sellek, a postdoctoral researcher at Leiden University in the Netherlands, performed simulations of the dispersal driven by stellar photons, the intense light streaming from the young star. They compared these simulations to the actual observations and found dispersal by high-energy stellar photons can explain the observations, and hence cannot be excluded as a possibility. That study concluded that the amount of gas dispersing from the T Cha disk every year is equivalent to that of Earth's moon. These results will be published in a companion paper, currently under review with the Astronomical Journal.

While neon signatures had been detected in many other astronomical objects, they weren't known to originate in low-mass planet-forming disks until first discovered in 2007 with JWST's predecessor, NASA's Spitzer Space Telescope, by Ilaria Pascucci, a professor at LPL who soon identified them as a tracer of disk winds. Those early findings transformed research efforts focused on understanding gas dispersal from circumstellar disks. Pascucci is the principal investigator on the most recent observing project and a co-author on the publications reported here.

"Our discovery of spatially resolved neon emission -- and the first detection of double ionized argon -- using the James Webb Space Telescope could become the next step towards transforming our understanding of how gas clears out of a planet-forming disk," Pascucci said. "These insights will help us get a better idea of the history and impact on our own solar system."

In addition, the group has also discovered that the inner disk of T Cha is evolving on very short timescales of decades; they found that the spectrum observed by JWST differs from the earlier spectrum detected by Spitzer. According to Chengyan Xie, a second-year doctoral student at LPL who leads this in-progress work, this mismatch could be explained by a small, asymmetric disk inside of T Cha that has lost some of its mass in the short 17 years that have elapsed between the two observations.

"Along with the other studies, this also hints that the disk of T Cha is at the end of its evolution," Xie said. "We might be able to witness the dispersal of all the dust mass in T Cha's inner disk within our lifetime."

Co-authors on the publications include Uma Gorti with the SETI Institute, Richard Alexander with the University of Leicester, Jane Morrison and Andras Gaspar with the UArizona's Steward Observatory, Cathie Clarke with the University of Cambridge, Giulia Ballabio with Imperial College London, and Dingshan Deng with the Lunar and Planetary Laboratory.
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Enormous ice loss from Greenland glacier | ScienceDaily
Ground-based measuring devices and aircraft radar operated in the far northeast of Greenland show how much ice the 79deg N-Glacier is losing. According to measurements conducted by the Alfred Wegener Institute, the thickness of the glacier has decreased by more than 160 metres since 1998. Warm ocean water flowing under the glacier tongue is melting the ice from below. High air temperatures cause lakes to form on the surface, whose water flows through huge channels in the ice into the ocean. One channel reached a height of 500 metres, while the ice above was only 190 metres thick, as a research team has now reported in the scientific journal The Cryosphere.


						
A rustic camp in northeast Greenland was one of the bases for deploying autonomous measuring devices with modern radar technology by helicopter in a part of the 79deg N-Glacier that is difficult to access. Measurement flights with the polar aircraft of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) and satellite data were also incorporated into a scientific study that has now been published in the scientific journal The Cryosphere. This study examines how global warming affects the stability of a floating ice tongue. This is of great importance for the remaining ice shelves in Greenland as well as those in Antarctica, as instability of the ice shelf usually results in an acceleration of the ice flow, which would lead to a greater sea level rise.

"Since 2016, we have been using autonomous instruments to carry out radar measurements on the 79deg N-Glacier, from which we can determine melt and thinning rates," says AWI glaciologist Dr Ole Zeising, the first author of the publication. "In addition, we used aircraft radar data from 1998, 2018 and 2021 showing changes in ice thickness. We were able to measure that the 79deg N-Glacier has changed significantly in recent decades under the influence of global warming."

The study shows how the combination of a warm ocean inflow and a warming atmosphere affects the floating ice tongue of the 79deg N-Glacier in northeast Greenland. Only recently, an AWI oceanography team published a modelling study on this subject. The unique data set of observations now presented shows that extremely high melt rates occur over a large area near the transition to the ice sheet. In addition, large channels form on the underside of the ice from the land side, probably because the water from huge lakes drains through the glacier ice. Both processes have led to a strong thinning of the glacier in recent decades.

Due to extreme melt rates, the ice of the floating glacier tongue has become 32 % thinner since 1998, especially from the grounding line where the ice comes into contact with the ocean. In addition, a 500-metre-high channel has formed on the underside of the ice, which spreads towards the inland. The researchers attribute these changes to warm ocean currents in the cavity below the floating tongue and to the runoff of surface meltwater as a result of atmospheric warming. A surprising finding was that melt rates have decreased since 2018. A possible cause for this is a colder ocean inflow. "The fact that this system reacts on such short time scales is astonishing for systems that are actually inert such as glaciers," says Prof Dr Angelika Humbert, who is also involved in the study.

"We expect that this floating glacier tongue will break apart over the next few years to decades," explains the AWI glaciologist. "We have begun to study this process in detail to gain maximum insight into the course of the process. Although there have been several such disintegrations of ice shelves, we have only been able to collect data subsequently. As a scientific community, we are now in a better position by having built up a really good database before the collapse."
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Your dog understands that some words 'stand for' objects | ScienceDaily
It's no surprise that your dog can learn to sit when you say "sit" and come when called. But a study appearing March 22 in the journal Current Biology has made the unexpected discovery that dogs generally also know that certain words "stand for" certain objects. When dogs hear those words, brain activity recordings suggest they activate a matching mental representation in their minds.


						
"Dogs do not only react with a learned behavior to certain words," says Marianna Boros of the Department of Ethology at the Eotvos Lorand University, Budapest, Hungary, one of the paper's co-first authors. "They also don't just associate that word with an object based on temporal contiguity without really understanding the meaning of those words, but they activate a memory of an object when they hear its name."

Word understanding tests with individuals who do not speak, such as infants and animals, usually require active choice, the researchers say. They're asked to show or get an object after hearing its name. Very few dogs do well on such tests in the lab, often fetching objects correctly at a rate expected by chance.

The researchers wanted to look closer at dogs' implicit understanding of object words by measuring brain activity using non-invasive EEG without asking them to act. The idea was that this might offer a more sensitive measure of their understanding of language.

In their studies, they had 18 dog owners say words for toys their dogs knew and then present the objects to them. Sometimes they presented the matching toy, while other times they would present an object that didn't match. For example, an owner would say, "Zara, look, the ball," and present the object while the dog's brain activity was captured on EEG.

The brain recording results showed a different pattern in the brain when the dogs were shown a matching object versus a mismatched one. That's similar to what researchers have seen in humans and is widely accepted as evidence that they understand the words. The researchers also found a greater difference in those patterns for words that dogs knew better, offering further support for their understanding of object words. Interestingly, while the researchers thought this ability might depend on having a large vocabulary of object words, their findings showed that it doesn't.

"Because typical dogs learn instruction words rather than object names, and there are only a handful of dogs with a large vocabulary of object words, we expected that dogs' capacity for referential understanding of object words will be linked to the number of object words they know; but it wasn't," says Lilla Magyari, also of Eotvos Lorand University and University of Stavanger and the other co-first author.




"It doesn't matter how many object words a dog understands -- known words activate mental representations anyway, suggesting that this ability is generally present in dogs and not just in some exceptional individuals who know the names of many objects," Boros added.

The discovery that dogs as a species may generally have a capacity to understand words in a referential way, just as humans do, might reshape the way scientists think about the uniqueness of how humans use and understand language, the researchers say. That has important implications for theories and models of language evolution. For dog owners, it's also an important realization.

"Your dog understands more than he or she shows signs of," Magyari says. "Dogs are not merely learning a specific behavior to certain words, but they might actually understand the meaning of some individual words as humans do."

The researchers are now curious to know if this ability to understand referential language is specific to dogs or might be present in other mammals as well. Either way, they want to learn more about how this ability emerged and whether it depends on dogs' unique experience of living with people. They also want to know why, if dogs understand object words, more of them don't show it.
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Researchers propose a new way to identify when babies become conscious | ScienceDaily
Academics are proposing a new and improved way to help researchers discover when consciousness emerges in human infancy.


						
When over the course of development do humans become conscious? When the seventeenth-century French philosopher Rene Descartes was asked about infant consciousness by his critics, he eventually suggested that infants might have thoughts, albeit ones that are simpler than those of adults. Hundreds of years later, the issue of when human beings become conscious is a question which remains a challenge for psychologists and philosophers alike.

But now, in response to a recent article in Trends in Cognitive Sciences, two academics from the University of Birmingham have suggested an improved way to help scientists and researchers identify when babies become conscious.

In a Letter to the Editor, also published in Trends in Cognitive Sciences, Dr Henry Taylor, Associate Professor of Philosophy, and Andrew Bremner, Professor of Developmental Psychology, have explored a new approach which is being proposed, that involves identifying markers of consciousness in adults, and then measuring when babies start to exhibit larger numbers of these in development.

Dr Taylor says: "For example, imagine that in adults, we know that a certain very specific behaviour, or a specific pattern of brain activation always comes along with consciousness. Then, if we can identify when this behaviour or brain activation arises in babies, we have good reason to think that this is when consciousness emerges in babies. Behaviours and brain activations like this are what we call 'markers' of consciousness."

This kind of approach is desperately needed since babies (unlike adults) cannot tell you what they are conscious of. Professor Bremner said: "It is really hard to establish when babies become conscious. This is mostly because infants can't report their experiences and, as most parents will know, can be rather uncooperative particularly when it comes to experimental tasks. As we can't just ask babies when they become conscious, the best approach is to try to identify a broad range of markers of consciousness, which appear in early development and late development, and then group them together, this could help us identify when consciousness emerges."

In the recent article the researchers (Prof. Tim Bayne and colleagues) suggested four specific markers of consciousness, some of which are present in the late stages of gestation, and others which are found in early infancy. Based on this, the study argues that consciousness emerges early (from the last prenatal trimester).




But Professor Bremner and Dr Taylor say that this ignores other markers of consciousness. Previous research has identified a separate cluster of markers. These include:

* Pointing (bringing a social partner's attention to an object and checking). * Intentional control (intentional means-end coordination of actions -- e.g., pulling a support to retrieve a distal object). * Explicit memory (deferred imitation of actions).

Dr Taylor said: "One of the complicated issues is that it does not look like all the markers point to the same age for the emergence of consciousness. The ones mentioned by Bayne and colleagues suggest somewhere between the third trimester of pregnancy and early infancy, but other markers suggest the age might be around one year old. In fact, at the really extreme end, some markers only emerge at around 3-4 years. Because there are so many different markers of consciousness which appear in early and late development it is extremely hard to come to a conclusion."

Professor Bremner concluded: "We propose that a broad approach to markers, including those that emerge in early and late stage, is needed. We also recommend that a range of developmental models of the onset of consciousness should be considered. For instance, it may be that some markers emerge in one cluster in early development, with others in a later cluster. As well as this there may be a continuous and gradual emergence of certain markers stretching over gestation and throughout early life.

"We think that by clustering this broad selection of markers, we may finally be able to answer the question which has given us pause for thought for thousands of years. But it's important to bear in mind that the answer may not be a simple one!"Academics are proposing a new and improved way to help researchers discover when consciousness emerges in human infancy.
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Research uncovers a rare resin fossil find: A spider that aspires to be an ant | ScienceDaily
Arachnophobia can make humans flee at the sight of a brown recluse, black widow or even a daddy long legs, but animal predators of spiders know no such fear.


						
That's why, paleobiologist George Poinar Jr. explains, some spider species have developed the defense of deception. They masquerade as a much less desirable prey -- ants -- and Poinar's recent paper in Historical Biology presents an early record of an ant-mimicking spider in fossilized resin.

"Ants are particularly good creatures for spiders to pretend to be -- many animals find ants distasteful or dangerous to eat," said Poinar, who has a courtesy appointment in the Oregon State University College of Science. "Ants are aggressive in their own defense -- they have a strong bite as well as a stinging venom, and they can call in dozens of nestmates as allies. Spiders, meanwhile, have no chemical defenses and are loners, which makes them vulnerable to being hunted by larger spiders, wasps and birds -- predators that would rather avoid ants. So if a spider can be like an ant, it's more likely to be unbothered."

Spiders that disguise themselves as ants live in many locations around the globe but until now most had been able to avoid detection from fossil researchers as well as predators. The specimen that Poinar describes, which he named Myrmarachne colombiana, was entombed in a type of fossilized resin known as copal.

Copal is a less mature form of fossilized resin than amber, which is routinely dated to be 25 million or more years old. Still, copal can be up to 3 million years old.

The age of the resin in this case, however, could not be determined, said Poinar, an international expert in using plant and animal life forms preserved in amber to learn about the biology and ecology of the distant past.

The resin block he was working with, which came from Medellin, Colombia, was too small to age-test without risk of damaging the spider inside. Poinar notes there is no record of any currently living ant-mimicking spider making its home in Colombia.




"It is a challenge for spiders to accomplish this magical transformation to ants," he said. "Ants have six legs and two long antennae, while spiders have eight legs and no antennae."

To get around those anatomical differences, Poinar said, spiders typically position their two front legs in a way that approximates the look of antennae. But number of legs and absence/presence of antennae are not the only characteristics differentiating an ant's appearance from a spider's.

"The abdomen and cephalothorax of spiders are closely attached, while in ants the equivalent of these body parts are separated by a narrow segment called the petiole," Poinar said. "And there are many other lesser structures that need to be modified in spiders for them to closely resemble ants. How is this accomplished? Most scientists say it begins with spider mutation, adaptation and then natural selection.

"However, I think there is some spider reasoning and intelligence involved too since the spiders often model their body changes after specific ants in the same environment," he said. "In the early days, we were told that all habits of insects were the result of instincts, but that is no longer the case."

Several groups of spiders have developed the ability to look and behave like various types of ants, he added. There are also spiders that try to blend in as other insects, such as flies, beetles and wasps.

Most of the copycat spiders belong to a few families of hunting spiders, including Salticidae or jumping spiders. The specimen in the Colombian copal appears to be a jumping spider.

Spiders that practice mimicry also come from the Corinnidae (sun spider), Thomisidae (flower spider) and Zodariidae (spotted or ant spider) families.
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Signs of life would be detectable in single ice grain emitted from extraterrestrial moons | ScienceDaily
The ice-encrusted oceans of some of the moons orbiting Saturn and Jupiter are leading candidates in the search for extraterrestrial life. A new lab-based study led by the University of Washington in Seattle and the Freie Universitat Berlin shows that individual ice grains ejected from these planetary bodies may contain enough material for instruments headed there in the fall to detect signs of life, if such life exists.


						
"For the first time we have shown that even a tiny fraction of cellular material could be identified by a mass spectrometer onboard a spacecraft," said lead author Fabian Klenner, a UW postdoctoral researcher in Earth and space sciences. "Our results give us more confidence that using upcoming instruments, we will be able to detect lifeforms similar to those on Earth, which we increasingly believe could be present on ocean-bearing moons."

The open-access study was published March 22 in Science Advances. Other authors in the international team are from The Open University in the U.K.; NASA's Jet Propulsion Laboratory; the University of Colorado, Boulder; and the University of Leipzig.

The Cassini mission that ended in 2017 discovered parallel cracks near the south pole of Saturn's moon Enceladus. Emanating from these cracks are plumes containing gas and ice grains. NASA's Europa Clipper mission, scheduled to launch in October, will carry more instruments to explore in even more detail an icy moon of Jupiter, Europa.

To prepare for that mission, researchers are studying what this new generation of instruments might find. It is technically prohibitive to directly simulate grains of ice flying through space at 4 to 6 kilometers per second to hit an observational instrument, as the actual collision speed will be. Instead, the authors used an experimental setup that sends a thin beam of liquid water into a vacuum, where it disintegrates into droplets. They then used a laser beam to excite the droplets and mass spectral analysis to mimic what instruments on the space probe will detect.

Newly published results show that instruments slated to go on future missions, like the SUrface Dust Analyzer onboard Europa Clipper, can detect cellular material in one out of hundreds of thousands of ice grains.

The study focused on Sphingopyxis alaskensis, a common bacterium in waters off Alaska. While many studies use the bacterium Escherichia coli as a model organism, this single-celled organism is much smaller, lives in cold environments, and can survive with few nutrients. All these things make it a better candidate for potential life on the icy moons of Saturn or Jupiter.




"They are extremely small, so they are in theory capable of fitting into ice grains that are emitted from an ocean world like Enceladus or Europa," Klenner said.

Results show that the instruments can detect this bacterium, or portions of it, in a single ice grain. Different molecules end up in different ice grains. The new research shows that analyzing single ice grains, where biomaterial may be concentrated, is more successful than averaging across a larger sample containing billions of individual grains.

A recent study led by the same researchers showed evidence of phosphate on Enceladus. This planetary body now appears to contain energy, water, phosphate, other salts and carbon-based organic material, making it increasingly likely to support lifeforms similar to those found on Earth.

The authors hypothesize that if bacterial cells are encased in a lipid membrane, like those on Earth, then they would also form a skin on the ocean's surface. On Earth, ocean scum is a key part of sea spray that contributes to the smell of the ocean. On an icy moon where the ocean is connected to the surface (e.g., through cracks in the ice shell), the vacuum of outer space would cause this subsurface ocean to boil. Gas bubbles rise through the ocean and burst at the surface, where cellular material gets incorporated into ice grains within the plume.

"We here describe a plausible scenario for how bacterial cells can, in theory, be incorporated into icy material that is formed from liquid water on Enceladus or Europa and then gets emitted into space," Klenner said.

The SUrface Dust Analyzer onboard Europa Clipper will be higher-powered than instruments on past missions. This and future instruments also will for the first time be able to detect ions with negative charges, making them better suited to detecting fatty acids and lipids.

"For me, it is even more exciting to look for lipids, or for fatty acids, than to look for building blocks of DNA, and the reason is because fatty acids appear to be more stable," Klenner said.

"With suitable instrumentation, such as the SUrface Dust Analyzer on NASA's Europa Clipper space probe, it might be easier than we thought to find life, or traces of it, on icy moons," said senior author Frank Postberg, a professor of planetary sciences at the Freie Universitat Berlin. "If life is present there, of course, and cares to be enclosed in ice grains originating from an environment such as a subsurface water reservoir."

The study was funded by the European Research Council, NASA and the German Research Foundation (DFG). Other co-authors are Janine Bonigk, Maryse Napoleoni, Jon Hillier and Nozair Khawaja at the Freie Universitat Berlin; Karen Olsson-Francis at The Open University in the U.K.; Morgan Cable and Michael Malaska at the NASA Jet Propulsion Laboratory; Sascha Kempf at the University of Colorado, Boulder; and Bernd Abel at the University of Leipzig.
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Tudor era horse cemetery in Westminster revealed as likely resting place for elite imported animals | ScienceDaily
Archaeological analysis of a near unique animal cemetery discovered in London nearly 30 years ago has revealed the international scale of horse trading by the elites of late medieval and Tudor England.


						
Using advanced archaeological science techniques, including studying chemical composition, researchers have been able to identify the likely origins of several physically elite horses and the routes they took to reach British shores during the formative years of their life.

These animals -- akin to modern supercars -- were sourced from a variety of locations across Europe specifically for their height and strength and imported for use in jousting tournaments and as status symbols of 14th- to 16th-century life. They include three of the tallest animals known from late medieval England, standing up to 1.6 metres or 15.3 hands high, which while quite small by modern standards would have been very impressive for their day.

The skeletons of the horses were recovered from a site under the modern-day Elverton Street in the City of Westminster, which was excavated in advance of building works in the 1990s. In medieval times, the cemetery would have been located outside the walled City of London but was close to the royal palace complex at Westminster.

The research, led by the University of Exeter, and funded by the Arts and Humanities Research Council, is published in the latest edition of Science Advances.

"The chemical signatures we measured in the horse's teeth are highly distinctive and very different to anything we would expect to see in a horse that grew up in the UK," said Dr Alex Pryor, Senior Lecturer in Archaeology and lead researcher. "These results provide direct and unprecedented evidence for a variety of horse movement and trading practices in the Middle Ages. Representatives for the King and other medieval London elites were scouring horse trading markets across Europe seeking out the best quality horses they could find and bringing them to London. It's quite possible that the horses were ridden in the jousting contests we know were held in Westminster, close to where the horses were buried."

In the first experiment of its kind to be conducted on medieval horse remains, the researchers took 22 molar teeth from 15 individual animals and drilled out portions of the enamel for isotope analysis. By measuring isotope ratios of the elements strontium, oxygen and carbon present within the teeth and comparing the results with known ranges in different geographies, the team was able to identify the potential origin of each horse -- and accurately rule out others, including prime European horse-breeding centres such as Spain and southern Italy.




Dr Pryor said that at least half of the horses had diverse international origins, possibly Scandinavia, the Alps and other northern and eastern European locations. The results, the researchers conclude, were consistent with the breeding patterns of royal stud farms, where horses would reside until their second or third year, before they would either be broken and trained or sent elsewhere to be sold.

Physical analysis of the teeth revealed wear suggestive of heavy use of a curb bit, often employed with elite animals, especially those groomed for war and tournaments after the 14th century. Bit wear on two of the mares also suggested they were used under saddle or in harness and for breeding. And analysis of the skeletons revealed many of them to be well above average size, with several instances of fused lower thoracic and lumbar vertebrae indicative of a life of riding and hard work.

"The finest medieval horses were like modern supercars -- inordinately expensive and finely tuned vehicles that proclaimed their owner's status," added Professor Oliver Creighton, a medieval specialist at the University of Exeter and part of the research team. "And at Elverton Street, our research team seem to have found evidence for horses used in jousting -- the sport of kings, in which riders showcased their fighting skills and horsemanship on elite mounts.

"The new findings provide a tangible archaeological signature of this trade, emphasising its international scale. It is apparent that the medieval London elite were explicitly targeting the highest quality horses they could find at a European scale."
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Two of the Milky Way's earliest building blocks identified | ScienceDaily
Astronomers have identified what could be two of the Milky Way's earliest building blocks: Named "Shakti" and "Shiva," these appear to be the remnants of two galaxies that merged between 12 and 13 billion years ago with an early version of the Milky Way, contributing to our home galaxy's initial growth. The new find is the astronomical equivalent of archeologists identifying traces of an initial settlement that grew into a large present-day city. It required combining data for nearly 6 million stars from ESA's Gaia mission with measurements from the SDSS survey. The results have been published in the Astrophysical Journal.


						
The early history of our home galaxy, the Milky Way, is one of joining smaller galaxies, which makes for fairly large building blocks. Now, Khyati Malhan and Hans-Walter Rix of the Max Planck Institute for Astronomy have succeeded in identifying what could be two of the earliest building blocks that can still be recognized as such today: proto-galactic fragments that merged with an early version of our Milky Way between 12 and 13 billion years ago, at the very beginning of the era of galaxy formation in the Universe. The components, which the astronomers have named Shakti and Shiva, were identified by combining data from ESA's astrometry satellite Gaia with data from the SDSS survey. For astronomers, the result is the equivalent of finding traces of an initial settlement that grew into a large present-day city.

Tracing the origins of stars that came from other galaxies

When galaxies collide and merge, several processes happen in parallel. Each galaxy carries along its own reservoir of hydrogen gas. Upon collision, those hydrogen gas clouds are destabilized, and numerous new stars are formed inside. Of course, the incoming galaxies also already have their own stars, and in a merger, stars from the galaxies will mingle. In the long run, such "accreted stars" will also account for some of the stellar population of the newly-formed combined galaxy. Once the merger is completed, it might seem hopeless to identify which stars came from which predecessor galaxy. But in fact, at least some ways of tracing back stellar ancestry exist.

Help comes from basic physics. When galaxies collide and their stellar populations mingle, most of the stars retain very basic properties, which are directly linked to the speed and direction of the galaxy in which they originated. Stars from the same pre-merger galaxy share similar values for both their energy and what physicists call angular momentum -- the momentum associated with orbital motion or rotation. For stars moving in a galaxy's gravitational field, both energy and angular momentum are conserved: they remain the same over time. Look for large groups of stars with similar, unusual values for energy and angular momentum -- and chances are, you might find a merger remnant.

Additional pointers can assist identification. Stars that formed more recently contain more heavier elements, what astronomers call "metals," than stars that formed a long time ago. The lower the metal content ("metallicity"), the earlier the star presumably formed. When trying to identify stars that already existed 13 billion years ago, one should look for stars with very low metal content ("metal-poor").

Virtual excavations in a large data set

Identifying the stars that joined our Milky Way as parts of another galaxy has only become possible comparatively recently. It requires large, high-quality data sets, and the analysis involves sifting the data in clever ways so as to identify the searched-for class of objects. This kind of data set has only been available for a few years. The ESA astrometry satellite Gaia provides an ideal data set for this kind of big-data galactic archeology. Launched in 2013, it has produced an increasingly accurate data set over the past decade, which by now includes positions, changes in position and distances for almost 1.5 billion stars within our galaxy.




Gaia data revolutionized studies of the dynamics of stars in our home galaxy, and has already led to the discovery of previously unknown substructures. This includes the so-called Gaia Enceladus/Sausage stream, a remnant of the most recent larger merger our home galaxy has undergone, between 8 and 11 billion years ago. It also includes two structures identified in 2022: the Pontus stream identified by Malhan and colleagues and the "poor old heart" of the Milky Way identified by Rix and colleagues. The latter is a population of stars that newly formed during the initial mergers that created the proto-Milky Way, and continue to reside in our galaxy's central region.

Traces of Shakti and Shiva

For their present search, Malhan and Rix used Gaia data combined with detailed stellar spectra from the Sloan Digital Sky Survey (DR17). The latter provide detailed information about the stars' chemical composition. Malhan says: "We observed that, for a certain range of metal-poor stars, stars were crowded around two specific combinations of energy and angular momentum."

In contrast with the "poor old heart," which was also visible in those plots, the two groups of like-minded stars had comparatively large angular momentum, consistent with groups of stars that had been part of separate galaxies which had merged with the Milky Way. Malhan has named these two structures Shakti and Shiva, the latter one of the principal deities of Hinduism and the former a female cosmic force often portrayed as Shiva's consort.

Their energy and angular momentum values, plus their overall low metallicity on par with that of the "poor old heart," makes Shakti and Shiva good candidates for some of the earliest ancestors of our Milky Way. Rix says: "Shakti and Shiva might be the first two additions to the 'poor old heart' of our Milky Way, initiating its growth towards a large galaxy."

Several surveys that are either already ongoing or bound to start over the next couple of years promise relevant additional data, both spectra (SDSS-V, 4MOST) and precise distances (LSST/Rubin Observatory), should enable astronomers to make a firm decision on whether or not Shakti and Shiva are indeed a glimpse of our home galaxy's earliest prehistory.
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Say hello to biodegradable microplastics | ScienceDaily
Microplastics are tiny, nearly indestructible fragments shed from everyday plastic products. As we learn more about microplastics, the news keeps getting worse. Already well-documented in our oceans and soil, we're now discovering them in the unlikeliest of places: our arteries, lungs and even placentas. Microplastics can take anywhere from 100 to 1,000 years to break down and, in the meantime, our planet and bodies are becoming more polluted with these materials every day.


						
Finding viable alternatives to traditional petroleum-based plastics and microplastics has never been more important. New research from scientists at the University of California San Diego and materials-science company Algenesis shows that their plant-based polymers biodegrade -- even at the microplastic level -- in under seven months. The paper, whose authors are all UC San Diego professors, alumni or former research scientists, appears in Nature Scientific Reports.

"We're just starting to understand the implications of microplastics. We've only scratched the surface of knowing the environmental and health impacts," stated Professor of Chemistry and Biochemistry Michael Burkart, one of the paper's authors and an Algenesis co-founder. "We're trying to find replacements for materials that already exist, and make sure these replacements will biodegrade at the end of their useful life instead of collecting in the environment. That's not easy."

"When we first created these algae-based polymers about six years ago, our intention was always that it be completely biodegradable," said another of the paper's authors, Robert Pomeroy, who is also a professor of chemistry and biochemistry and an Algenesis co-founder. "We had plenty of data to suggest that our material was disappearing in the compost, but this is the first time we've measured it at the microparticle level."

Putting it to the test

To test its biodegradability, the team ground their product into fine microparticles, and used three different measurement tools to confirm that, when placed in a compost, the material was being digested by microbes.

The first tool was a respirometer. When the microbes break down compost material, they release carbon dioxide (CO2), which the respirometer measures. These results were compared to the breakdown of cellulose, which is considered the industry standard of 100% biodegradability. The plant-based polymer matched the cellulose at almost one hundred percent.




Next the team used water flotation. Since plastics are not water soluble and they float, they can easily be scooped off the surface of water. At intervals of 90 and 200 days, almost 100% of the petroleum-based microplastics were recovered, meaning none of it had biodegraded. On the other hand, after 90 days, only 32% of the algae-based microplastics were recovered, showing that more than two thirds of it had biodegraded. After 200 days, only 3% was recovered indicating that 97% of it had disappeared.

The last measurement involved chemical analysis via gas chromatography/mass spectrometry (GCMS), which detected the presence of the monomers used to make the plastic, indicating that the polymer was being broken to its starting plant materials. Scanning-electron microscopy further showed how microorganisms colonize the biodegradable microplastics during composting.

"This material is the first plastic demonstrated to not create microplastics as we use it," said Stephen Mayfield, a paper coauthor, School of Biological Sciences professor and co-founder of Algenesis. "This is more than just a sustainable solution for the end-of-product life cycle and our crowded landfills. This is actually plastic that is not going to make us sick."

Creating an eco-friendly alternative to petroleum-based plastics is only one part of the long road to viability. The ongoing challenge is to be able to use the new material on pre-existing manufacturing equipment that was originally built for traditional plastic, and here Algenesis is making progress. They have partnered with several companies to make products that use the plant-based polymers developed at UC San Diego, including Trelleborg for use in coated fabrics and RhinoShield for use in the production of cell phone cases.

"When we started this work, we were told it was impossible," stated Burkart. "Now we see a different reality. There's a lot of work to be done, but we want to give people hope. It is possible."

Full list of authors: Robert S. Pomeroy, Michael D. Burkart, Steven P. Mayfield (all UC San Diego), Marco N. Allemann, Marissa Tessman, Jaysen Reindel, Gordon B. Scofield, Payton Evans, Ryan Simkovsky (all Algenesis).

This research was supported by funding from the Department of Energy (DE-SC0019986 and DE-EE0009295).

Disclosure: Burkart, Mayfield and Pomeroy are co-founders of and hold equity positions in Algenesis Corporation.
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Rays were more diverse 150 million years ago than previously thought | ScienceDaily

In her new study, palaeobiologist Julia Turtscher from the Institute of Palaeontology at the University of Vienna examined 52 fossil rays from the Late Jurassic period. These rays are 150 million years old, from a time when Europe was largely covered by the sea, except for a few islands, comparable to today's Caribbean. The Late Jurassic specimens are particularly valuable to scientists because they are among the oldest known fully preserved ray specimens. As only the teeth of fossilised rays are usually preserved, such rare skeletal finds provide exciting insights into the early evolution of this group. Although the exceptionally well-preserved fossils (from Germany, France, and the UK) have been known for some time, they have been largely unexplored. Turtscher's study is the first comprehensive analysis of the variation in body shape in these rays.

The results show a greater diversity of holomorphic (fully preserved) rays in the Late Jurassic than previously thought. "Until now, only three holomorphic ray species have been confirmed from the Late Jurassic, but thanks to this study, a total of five species have now been identified," says Turtscher. Based on their analyses, the researchers were able to confirm a fourth species that had been discussed for some time, as well as documenting and introducing a new, previously undiscovered ray species: Aellopobatis bavarica. This species, which can grow up to 170 cm long, was previously thought to be a large form of the much smaller French Spathobatis bugesiacus, which is 60 cm long. However, by analysing the skeletal structures and body shapes in detail, the scientists were able to show that Aellopobatis bavarica is a separate species.

The new results also suggest that the five species occurred in very restricted areas, but the authors are reluctant to jump to conclusions about possible endemisms: "Further studies on the tooth morphology of the specimens and subsequent comparisons with isolated teeth from other sites may help to reconstruct the palaeogeographic distribution of Late Jurassic rays," explains Turtscher.

Insight into past marine ecosystems

The results of this new study not only contribute to the understanding of the biodiversity and evolution of rays in the Upper Jurassic, but also have direct implications on the identification of fossil ray species that are known from isolated teeth solely. Continual new discoveries about these fascinating animals provide insights into the dynamics of past marine ecosystems and highlight the importance of well-preserved fossils in the reconstruction of our geological past. "We can only draw accurate conclusions about living species if we also understand the past of a group, including its evolution, its adaptations to changing environmental factors over time, and the extinction this group has faced during its evolutionary history. Palaeobiological knowledge enables us to better understand the dynamics behind evolution and extinction of species and thus aids to develop more effective conservation measures for today's endangered species" says second author Patrick L. Jambura from the Institute of Palaeontology at the University of Vienna.
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Secrets of the Van Allen belt revealed in new study | ScienceDaily
A challenge to space scientists to better understand our hazardous near-Earth space environment has been set in a new study led by the University of Birmingham.


						
The research represents the first step towards new theories and methods that will help scientists predict and analyse the behaviour of particles in space. It has implications for theoretical research, as well as for practical applications such as space weather forecasting.

The research focused on two bands of energetic particles in near earth space, referred to as the Radiation Belts, or the Van Allen Belts. These particles are trapped within the Earth's magnetosphere and can damage electronics on satellites and spacecraft passing through, as well as posing risks to astronauts.

Understanding how these particles behave has been a goal for physicists and engineers for decades. Since the 1960s, researchers have used principles contained within 'quasilinear models' to explain how the charged particles move through space.

In the new study, however, researchers have found evidence that the standard theory might not apply as often as previously assumed. The team of 16 scientists, from institutions in the UK, USA and Finland, explored the limits of standard theories. The application of the quasilinear theory can seem straightforward, but in fact integrating it into space physics models in accordance with scientific measurements made in space is a delicate procedure. This paper breaks down the challenges behind this process.

The findings are published in a special edition of Frontiers in Astronomy and Space Sciences: "Editor's Challenge in Space Physics: Solved and Unsolved Problems in Space Physics."

Lead author, Dr Oliver Allanson, from the Space Environment and Radio Engineering (SERENE) Group at the University of Birmingham, said: "Gaining a better understanding of the behaviour of these particles is crucial for interpreting satellite data and for understanding the underlying physics of space environments."

Researchers involved in the study are based in the UK at the Universities of Birmingham, Exeter, Northumbria, Warwick, St Andrews, and at the British Antarctic Survey; in the USA at the University of California at Los Angeles, University of Iowa and the US Air Force Research Lab, New Mexico; and in Finland at the University of Helsinki.

Next steps for the research will include an enhanced theoretical description based on the findings in this work, that can then be used in space weather models to forecast the behaviour of these hazardous particles in near-Earth space.
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Decoding the plant world's complex biochemical communication networks | ScienceDaily
A Purdue University-led research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells.


						
Being rooted to the ground, plants can't run away from insects, pathogens or other threats to their survival. But plant scientists have long known that they do send warnings to each other via scent chemicals called volatile organic compounds.

"They use volatiles because they can't talk," said Natalia Dudareva, Distinguished Professor of Biochemistry and Horticulture and Landscape Architecture at Purdue. "Plants inform neighboring plants about pathogen attacks. It looks almost like immunization. Under normal conditions, you don't see any changes in the receiver plant. But as soon as a receiver plant is infected, it responds much faster. It's prepared for response."

Plant scientists have long known about this immunization-like priming, but until a few years ago, they had no way to study the process. They needed a marker showing that the plants had detected the volatile compounds.

Dudareva and 13 co-authors describe new details of the detection process in the March 22, 2024, issue of the journal Science. The team includes researchers from Purdue, Universite Jean Monnet Saint-Etienne in France and the University of California-Davis.

Scientists know little about plant receptors for volatiles. Mammals and insects have them, too, but the way they perceive volatiles is too different to help researchers study the process in plants, Dudareva said.

A research team led by Purdue University scientists has documented new details about how petunias use volatile organic compounds to communicate.




In 2019, in the journal Nature Chemical Biology, Dudareva and her associates published their discovery of a new physiological process, "Natural fumigation as a mechanism for volatile transport between flower organs." The study described how a plant's floral tubes produce volatile compounds to sterilize their stigma, the part of the pistil that collects pollen, to protect against attack by pathogens.

"There are a lot of sugars on the stigma, especially in petunias. It means that bacteria will grow very nicely without these volatiles present," Dudareva said. "But if the stigma does not receive tube-produced volatiles, it's also smaller. This was interorgan communication. Now we had a good marker -- stigma size -- to study this communication process."

Measurements made from photographs showed statistical differences in the stigma size upon exposure to volatiles, said the Science study's lead author, Shannon Stirling, a PhD student in horticulture and landscape architecture at Purdue. "You can see that this is a consistent trend," she said. "Once you've looked at enough stigmas, you can see by eye that there is a slight difference in size."

Combined with the genetic manipulation of the potential proteins involved, the work surprisingly revealed that a karrikin-like signaling pathway played a key role in petunia cellular signaling.

"Karrikins aren't produced by plants," Stirling said. "They're produced when plants burn, and our plants have never been exposed to smoke or fire."

The team also documented the importance of the karrikin-like pathway in the detection of volatile sesquiterpenes. Many plants use sesquiterpenes to communicate with other plants, among other functions.




Surprisingly, the identified karrikin receptor showed the ability to selectively perceive signaling from one type of sesquiterpene compound but not its mirror image, a trait called "stereospecificity." The receptor appears to be highly selective to the compound, said study co-author Matthew Bergman, a postdoctoral researcher in biochemistry at Purdue.

"The plant produces many different volatile compounds and is exposed to plenty of others," Bergman said. "It's quite remarkable how selective and specific this receptor is exclusively for this signal being sent from the tubes. Such specificity ensures that no other volatile signals are getting by. There's no false signaling."

For Stirling, the study required mastering a painstaking method for temporarily altering the levels of proteins of the petunia pistils to identify the signal-receptor protein interactions. "Pistils and stigmas are small. They're a little difficult to work with because of their size," she said. "Even the sheer amount of stigmas you need to get enough sample for anything is quite large because they don't weigh much."

This method involved injecting a certain species of bacterium into the stigma to introduce targeted genes, then isolating the resulting proteins.

"It's not easy to manipulate such a small organ," Bergman noted. "But Shannon was able to gently prick the stigma with a syringe and infiltrate it with this bacterium so delicately. She's quite an expert at this."

Petunias are often brightly colored and smell nice, but the Purdue scientists also value them because they serve as a fertile model system for their research.

"They've proven quite fruitful thus far," Bergman said.

This work was funded by the National Science Foundation, the USDA National Institute of Food and Agriculture, and the National Institutes of Health.
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      Top stories featured on ScienceDaily's Health & Medicine, Mind & Brain, and Living Well sections.


      
        Reverse effects of trauma? Older brain cells linger unexpectedly before their death
        Researchers report that mature oligodendrocytes -- the central nervous system cells critical for brain function -- cling to life following a fatal trauma for much, much longer than scientists knew. The findings suggest a new pathway for efforts to reverse or prevent the damage that aging and diseases such as multiple sclerosis cause to these important cells.

      

      
        Clear shift in arterial diseases in diabetes
        There has been a redistribution in the risk of arterial disease in type 1 and 2 diabetes. The risks of heart attack and stroke have decreased significantly, while complications in more peripheral vessels have increased in relative importance, according to new studies.

      

      
        Researchers introduce enhanced brain signal analysis technique
        Researchers have introduced a new, refined method for analyzing brain signals, enhancing our understanding of brain functionality. This research has the potential to improve treatments for neurological conditions such as Parkinson's disease, pain, epilepsy and depression.

      

      
        Could AI play a role in locating damage to the brain after stroke?
        Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4).

      

      
        New tool provides researchers with improved understanding of stem cell aging in the brain
        Researchers can use the light naturally thrown off by biological specimens to better study the different states of stem cells in the nervous system, thanks to a tool brightening their chances for studying the way stem cells age.

      

      
        A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis
        Researchers have found that approved drugs that were originally shown to normalize blood vessels surrounding tumors (to improve drug delivery to cancer cells) can enhance the delivery of anti-microbial medications to kill tuberculosis bacteria residing in the lungs.

      

      
        Combining epigenetic cancer medications may have benefit for colorectal cancers and other tumor types
        A pair of medications that make malignant cells act as if they have a virus could hold new promise for treating colorectal cancers and other solid tumors, reports a new study. The preclinical research determined how low doses of a DNMT inhibitor sensitize cancer cells to an EZH2 inhibitor, resulting in a one-two punch that combats cancer cells better than either drug alone. The findings are the foundation for an upcoming Phase I clinical trial to evaluate this combination in people with colorecta...

      

      
        Researchers turn back the clock on cancer cells to offer new treatment paradigm
        Scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Scientists discovered that removing a second protein from cancer cells already experiencing tumor suppressor loss can reverse cancer cell identity.

      

      
        Making long-term memories requires nerve-cell damage
        Just as you can't make an omelet without breaking eggs, scientists have found that you can't make long-term memories without DNA damage and brain inflammation.

      

      
        Getting too little sleep linked to high blood pressure
        Sleeping fewer than seven hours is associated with a higher risk of developing high blood pressure over time, according to a new study.

      

      
        Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries
        Researchers have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.

      

      
        Spot-on laser treatment for skin blemishes becoming clearer with new index
        Scientists have developed the first wavelength-specific irradiation index for picosecond lasers, which are used in clinical practice to treat pigmented lesions. Comparison with previously reported clinical studies confirmed that clinical results showing low complication rates and high efficacy can be explained by the indicator they developed. The use of this indicator is expected to help set irradiation conditions in clinical practice.

      

      
        Want to feel young? Protect your sleep
        Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one s actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains. Feeling sleepy can make you feel ten years older.

      

      
        Social, environmental factors may raise risk of developing heart disease and stroke
        Neighborhoods with more adversity have up to twice the increased risk of heart disease and stroke, according to a new study.

      

      
        Developmental psychology: Concern for others emerges during second year of life
        An empirical longitudinal study tracked the emergence of empathic concern in children.

      

      
        Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks
        This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.

      

      
        New technique for predicting protein dynamics may prove big breakthrough for drug discovery
        Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.

      

      
        Risk factors for faster aging in the brain revealed in new study
        Researchers have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.

      

      
        Not unique to humans but uniquely human: researchers identify factor involved in brain expansion in humans
        What makes us human? According to neurobiologists it is our neocortex. This outer layer of the brain is rich in neurons and lets us do abstract thinking, create art, and speak complex languages. An international team has identified a new factor that might have contributed to neocortex expansion in humans.

      

      
        Popular obesity drugs may lead to medical procedure complications
        New research suggests people who are scheduled for certain medical procedures should stop taking popular weight loss drugs in the days or weeks prior to avoid complications.

      

      
        New enzymatic cocktail can kill tuberculosis-causing mycobacteria
        An enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis.

      

      
        Safer, more efficient drug discovery
        Researchers have discovered a safer and more efficient technique for testing new drugs while they are in development.

      

      
        Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy
        Researchers are enhancing immunotherapy effects against malignant tumors by developing and validating patent-ending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP.

      

      
        Researchers discover a mechanism that could improve platinum-based cancer therapy
        Researchers say they have discovered that the protein puromycin-sensitive aminopeptidase (NPEPPS) plays a role in regulating response to platinum chemotherapy in patients with bladder cancer.

      

      
        The serious side of kid and canine play
        With two-thirds of children in the U.S. failing to meet national physical activity guidelines, kinesiologistshave been looking at the impact of the family dog on the exercise habits of kids. Could having a canine best friend get kids on their feet and help bring them more in line with the minimum recommendation of 60 minutes of moderate to vigorous physical activity every day?

      

      
        Couples with similar drinking habits may live longer
        The couple that drinks together might live longer together, too, says a University of Michigan researcher.

      

      
        Implantable batteries can run on the body's own oxygen
        From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers have devised an implantable battery that runs on oxygen in the body. The study shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.

      

      
        Accelerating CAR T cell therapy: Lipid nanoparticles speed up manufacturing
        Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.

      

      
        Old immune systems revitalized in mouse study, improving vaccine response
        Those with aging immune systems struggle to fight off novel viruses and respond weakly to vaccination. Researchers were able to revitalize the immune system in mice.

      

      
        Memory self-test via smartphone can identify early signs of Alzheimer's disease
        Dedicated memory tests on smartphones enable the detection of 'mild cognitive impairment', a condition that may indicate Alzheimer's disease, with high accuracy.

      

      
        New testing approach improves detection of rare but emerging Powassan virus spread by deer ticks
        Researchers have come up with a new, more accurate method for detecting in ticks the emerging Powassan virus, which can cause life-threatening neuroinvasive disease, including encephalitis and meningitis.

      

      
        Study finds high prevalence of hidden brain changes in people with heart disease
        A new analysis involving over 13,000 people has found changes to blood vessels in the brain that can increase the risk of stroke and dementia are common in people with a range of heart conditions, regardless of whether they have experienced a stroke.

      

      
        New genetic analysis tool tracks risks tied to CRISPR edits
        While CRISPR has shown immense promise as a next-generation therapeutic tool, the gene editing technology's edits are still imperfect. Researchers have developed a new system to test and analyze CRISPR-based DNA repair and related risks from unintended but harmful 'bystander' edits.

      

      
        Researchers show that introduced tardigrade proteins can slow metabolism in human cells
        Tardigrade proteins are potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

      

      
        Optimizing electronic health records: Study reveals improvements in departmental productivity
        Researchers identify transformative effects of electronic health record (EHR) optimization on departmental productivity.

      

      
        Just ask: Patients in the ER are willing to get a flu shot
        Simply asking patients to get the flu vaccine, and combining it with helpful video and print messages, is enough to persuade many who visit emergency departments to roll up their sleeves, according to a new study.

      

      
        Researchers identify protein sensor that plays a role in lung fibrosis
        Researchers have discovered a protein called SEL1L that plays a critical role in clearing collagen from tissue, and which may be a therapeutic target to help prevent fibrosis, scar tissue that interferes with organ function. The paper provides clues that could lead to drug development for diseases like lung fibrosis which have no therapeutic options currently.

      

      
        Researchers a step closer to a cure for HIV
        A new study shows virus-like particle can effectively 'shock and kill' latent HIV reservoir in those living with chronic HIV.

      

      
        Beethoven's genes reveal low predisposition for beat synchronization
        Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a new study.

      

      
        Genetically engineered dendritic cells enhance the power of immunotherapy against lung cancer
        A new study suggest that using CXCL9 and CXCL10-producing dendritic cells alongside immunotherapy can be a promising strategy to overcome treatment resistance and improve clinical outcomes for patients with non-small cell lung cancer.

      

      
        Developmental crossroads in the brain
        Study reveals how proteins direct nerve cell precursors to turn into specialized neurons.

      

      
        Silicon spikes take out 96% of virus particles
        An international research team has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.

      

      
        New treatment target identified for Alzheimer's disease
        Researchers have identified a new potential target for the treatment of Alzheimer's disease -- PDE4B. The researchers observed that AD mice showed memory deficits in maze tests, but memory was unimpaired in AD mice with genetically reduced PDE4B activity.

      

      
        Macrophages produce heat from brown adipose tissue in response to cold
        Our bodies can maintain body temperature in cold environments. However, the detailed mechanism remains unclear. Researchers elucidated the molecular mechanism by which macrophages, a type of immune cells, control heat production in brown adipose tissue to increase the body temperature in response to cold.

      

      
        Common degenerative brain disease may begin to develop in middle age
        Lewy body disease may be more common in middle-aged people than previously thought, according to a recent study. In the study, almost one in ten of over 50-year-olds were found to have tissue markers of Lewy body disease in the brain.

      

      
        xCT protein is key link in inhibiting pancreatic cancer growth and limiting mood disturbances
        The xCT protein, which plays an important role as a transport molecule in the cell, could play a part in cancer treatment in the future, researchers have discovered. Their recent studies on mice show that targeting the protein can not only reduce tumor growth, it can also help regulate the inflammatory response and improve mood.

      

      
        Young adults with migraine, other nontraditional risk factors may have higher stroke risk
        Nontraditional risk factors such as migraines are as important as traditional risk factors like high blood pressure for adults younger than ages 35-45, finds new study.

      

      
        New roadmap to prevent pandemics centers on protecting biodiversity
        An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.

      

      
        Large-scale animal study links brain pH changes to wide-ranging cognitive issues
        The International Brain pH Project Consortium unveils groundbreaking findings in a large-scale animal model study, indicating altered brain pH and lactate levels as a transdiagnostic endophenotype in neuropsychiatric disorders with cognitive impairment. This collaborative effort, involving 131 researchers across six countries, challenges existing notions and may pave the way for novel strategies in understanding and addressing biologically diverse and debilitating disorders impacting cognitive fu...

      

      
        Crackdown on illicit drugs detects rise in 'designer' drug substitutes
        As authorities crack down on illicit drugs, experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.
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Reverse effects of trauma? Older brain cells linger unexpectedly before their death | ScienceDaily
For oligodendrocytes -- the central nervous system cells critical for brain function -- age may not bring wisdom, but it does come with the power to cling to life for much, much longer than scientists knew. That's according to a new study featured on the March 27 cover of the Journal of Neuroscience.


						
Mature oligodendrocytes took a shocking 45 days to die following a fatal trauma that killed younger cells within the expected 24 hours, Dartmouth researchers report. The findings suggest there's a new pathway for efforts to reverse or prevent the damage that aging and diseases such as multiple sclerosis cause to these important cells.

In the brain, oligodendrocytes wrap around the long, skinny connections between nerve cells known as axons, where they produce a lipid membrane called a myelin sheath that coats the axon. Axons transmit the electrical signals that nerve cells use to communicate; myelin sheaths -- like the plastic coating on a copper wire -- help these signals travel more efficiently.

Old age and neurodegenerative diseases like MS damage oligodendrocytes. When the cells die, their myelin production perishes with them, causing myelin sheaths to break down with nothing to replenish them. This can lead to the loss of motor function, feeling, and memory as neurons lose the ability to communicate.

Scientists have assumed that damaged oligodendrocytes -- like all injured cells -- initiate a cellular self-destruct called apoptosis in which the cells kill themselves. But Dartmouth researchers discovered that mature oligodendrocytes can experience an extended life before their death that has never been seen before. The findings pose the critical question of what in these cells changes as they mature that allows them to persist.

"We found that mature cells undertake a pathway that is still controlled, but not the classical programmed cell-death pathway," said Robert Hill, an assistant professor of biological sciences and corresponding author of the paper.

"We think this is showing us what happens in brains as we age and revealing a lot about how these cells die in older people," Hill said. "That unique mechanism is important for us to investigate further. We need to understand why these cells are following this pathway so we can potentially encourage or prevent it, depending on the disease context."

First author Timothy Chapman, who led the project as a PhD candidate in Hill's research group, said that efforts to develop treatments for preserving myelin have focused on cultivating young oligodendrocytes and protecting mature ones. But this study suggests the cells may change significantly as they age and that a one-size-fits-all treatment might not work.




"In response to the same thing, young cells go one way and old cells go another," said Chapman, who is now a postdoctoral researcher at Stanford University. "If you wanted to protect the old cells, you may have to do something completely different than if you wanted to help the young cells mature. You'll likely need a dual approach."

The paper builds on a living-tissue model the team reported in the journal Nature Neuroscience in March 2023 that allows them to initiate the death of a single oligodendrocyte to observe how the cells around it react. They reported that when an oligodendrocyte in a young brain died, the cells around it immediately replenished the lost myelin. In a brain equivalent to that of a 60-year-old, however, the surrounding cells did nothing and the myelin was lost.

"That model gets us as close as we can get to the cell-death process that happens in the brain," Hill said. "We're able to model the effects of aging really well. Our ability to select a single oligodendrocyte, watch it die, and watch it regenerate or fail to regenerate allows us to understand what drives this process at the cellular level and how it can be controlled."

For the latest study, the researchers used their model to fatally damage oligodendrocyte DNA using what amounts to a cellular death ray -- a photon-based device called 2Phatal that Hill developed. They also used the standard method for removing myelin that uses the copper-based toxin cuprizone as a comparison.

As previous studies have reported, the immature cells died quickly. But the older cells lived on, which the Dartmouth team at first interpreted as a resistance to DNA damage.

The study came into focus when the researchers examined the mature cells 45 days later using a long-term, high-resolution imaging technique developed in the Hill lab. "That's when we saw that it wasn't that the cells were resistant to damage -- they were experiencing this extended cell death instead," Hill said.




"No one's ever checked for cell death that long after DNA damage. It's the only example we can find in the literature where a cell experiences such a traumatic event and sticks around longer than a week," he said.

Because humans have oligodendrocytes for life, the cells are known to accumulate DNA damage and be more resilient than other cells, Chapman said. "That's why we think this effect is applicable to aging. One reason these cells may persist for such a long time is because they're used to experiencing this kind of damage naturally in aging," he said.

The study opens the first door of a vast labyrinth of more questions, Hill and Chapman say, such as whether the extended death is a good thing. It may be the equivalent of dysfunctional myelin, which is worse just sitting on an axon than if there was no myelin at all, Hill said. It isolates the cell from the surrounding tissue and essentially starves it of nutrients.

"It's almost like there is garbage sitting on the axon for 45 days. Do we want to save that garbage or speed up its removal? We didn't even know that was a question until we saw this," Hill said.

"If we understand the cell-death mechanism, maybe we can speed it up and get rid of that dysfunctional myelin," he said. "We're always trying to save the cells and save the tissue, but you have to know if they're worth saving."
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Clear shift in arterial diseases in diabetes | ScienceDaily
There has been a redistribution in the risk of arterial disease in type 1 and 2 diabetes. The risks of heart attack and stroke have decreased significantly, while complications in more peripheral vessels have increased in relative importance, according to studies at the University of Gothenburg.


						
It is well known that type 1 and 2 diabetes increase the risk of heart attack and stroke. Previous research has also identified the clearest cardiometabolic risk factors in this context, such as obesity, lipid disorders, and high blood pressure.

How diabetes and cardiometabolic risk factors affect blood vessels outside central organs such as the heart and brain, in more peripheral vessels, has not been examined to such an extent. However, these risks have now been studied in two articles published in The Lancet Regional Health -- Europe.

The researchers studied two decades of disease trends for virtually all peripheral arterial diseases in terms of long-term trends, control of modifiable risk factors, optimal levels for cardiometabolic risk factors, and the relative importance of selected risk factors.

Fewer complications over time

The studies include data on 34,263 individuals with type 1 diabetes and 655,250 individuals with type 2 diabetes from the Swedish National Diabetes Register between 2001 and 2020. For comparison, register data on 2,676,227 individuals without diabetes from the general population was also included.

Based on hundreds of statistical analyses, various complications in blood vessels outside the central organs have been investigated: carotid artery calcification and similar, hernia of the carotid artery, rupture of the inner wall of the carotid artery, calcification of the abdominal aorta and peripheral blood vessels in the lower extremities, and small vessel disease in the feet.




With some exceptions, these complications in type 1 and 2 diabetes have decreased over time. In relative terms, however, there has been a gradual shift in risk from arterial diseases in the central organs, such as heart attack and stroke, toward complications in peripheral vessels.

The benefits of closer checks

The results show great potential in terms of modifiable risk factors in type 1 diabetes. With closer checks on long-term blood sugar and blood pressure, the risk of several peripheral arterial complications can be reduced by 30-50%. These complications include carotid artery calcification, calcification of the abdominal aorta and peripheral vessels in the lower extremities, and small vessel disease in the feet.

However, patients with type 1 diabetes have very little to gain from lowering the current guideline values for cardiometabolic risk factors such as BMI, cholesterol and triglyceride levels, or improved renal function.

For type 2 diabetes, the analyses show that so-called bad cholesterol plays a major role in carotid artery calcification, and that lower levels of triglycerides significantly reduce the risk of peripheral arterial disease. However, being above the current guideline value for triglycerides, rather than at the guideline value, does not increase the risk.

Long-term blood sugar is crucial

In both type 1 and type 2 diabetes, long-term blood sugar appears to be by far the most important marker for peripheral arterial disease, which clearly differs from central arterial disease. At the same time, elevated long-term blood sugar appears to reinforce the aorta and significantly reduce the risk of hernia and rupture of the inner wall of the artery. The studies highlight the differences




that long-term blood sugar exerts on all blood vessels in the body, as well as important differences between central and peripheral arteries.

Aidin Rawshani is a researcher at the Department of Molecular and Clinical Medicine at the University of Gothenburg's Sahlgrenska Academy and a resident physician in cardiology and internal medicine at Sahlgrenska University Hospital Ostra, and is responsible for the studies:

"Our results reveal the potential for an even greater risk reduction for future events by maintaining lower levels of cardiometabolic risk factors, particularly early and intensive control of long-term blood sugar," he explains. "We also noted that the relative importance of these risk factors differs between the central and peripheral arteries, revealing differences in biological effects that cardiometabolic risk factors exert in different parts of the arterial tree. Long-term blood sugar plays a much more significant role in the development of peripheral arterial disease."

About: Disease trends 2001-2020 (number of cases per 100,000 people per year):

* Significant reduction in calcification of the carotid arteries and similar in type 1 diabetes, from 296 cases to 84. The corresponding figure for type 2 diabetes is a reduction from 170 to 84.

* Slight increase in aneurysm in type 2 diabetes, greater increase in type 1 diabetes, from 40 to 69 cases, and significant decline among control subjects without diabetes.

* Sharp reduction in calcification in the abdominal aorta and peripheral blood vessels in the lower extremities, from 723 to 311 cases in type 1 diabetes, and from 338 to 190 cases in type 2 diabetes.

* Significant reduction (the largest) in small vessel disease in the lower extremities in type 1 diabetes, from 814 to 77 cases. More modest reduction in type 2 diabetes, from 309 to 226 cases.

About: Managing risk factors (blood lipids, blood sugar, blood pressure, renal function, and lifestyle) for peripheral arterial complications:

* The risk of arterial disease in the carotid arteries and lower extremities in type 1 diabetes can be virtually eliminated with optimal control of risk factors. The risk increases fourfold (401%) with two risk factors outside therapeutic target values, and almost twentyfold (1,913%) with five risk factors, compared to controls without diabetes.

* The risk of small vessel disease in the feet in type 1 diabetes cannot be eliminated by controlling risk factors; all have between 500% and 2,944% increased risk compared to controls without diabetes.

* With type 2 diabetes and optimal risk control, there was a 16% excess risk of calcification of the abdominal aorta and peripheral arteries in the lower extremities. With two or more risk factors out of balance, the risk was 75% to 616% higher than for controls without diabetes.

* The risk of aortic complications was lower in both type 1 and type 2 diabetes, compared to controls.
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Researchers introduce enhanced brain signal analysis technique | ScienceDaily
University of Minnesota Medical School researchers have introduced a new, refined method for analyzing brain signals, enhancing our understanding of brain functionality. This research has the potential to improve treatments for neurological conditions such as Parkinson's disease, pain, epilepsy and depression. The findings were recently published in NeuroImage. 


						
"This breakthrough provides a more detailed understanding of the brain's complex activity, akin to upgrading from a basic telescope to a sophisticated space observatory," said David Darrow, MD, MPH, an assistant professor at the U of M Medical School, a neurosurgeon with M Health Fairview and senior author. "This innovation could impact various aspects of everyday life -- from education and mental health to artificial intelligence, paving the way for future technological advancements and a deeper understanding of human cognition."

One of the key findings of this research is the enhanced ability to analyze direct brain recordings -- meaning scientists can now better understand how brain activity correlates to different tasks and behaviors. Additionally, this method allows researchers to directly extract patterns of brain activity over time, revealing how different brain areas process stimuli during tasks such as image identification.

"This research represents a significant advance in our ability to analyze neural signals. It opens up new possibilities for understanding the complex dynamics of the human brain, paving the way for future discoveries in neuroscience," said Alexander Herman, MD, PhD, an assistant professor of psychiatry at the University of Minnesota Medical School, attending psychiatrist with M Health Fairview and co-senior author.

The research team is working on the next iteration of the platform, which will allow them to decode brain signals and apply strategies for integrating them into medical devices and new treatments.

Funding was provided by the National Institute of Drug Addiction [5K23DA050909] and the Brain & Behavior Research Foundation. This research was also supported by the University of Minnesota's MnDRIVE (Minnesota's Discovery, Research and Innovation Economy) initiative.
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Could AI play a role in locating damage to the brain after stroke? | ScienceDaily
Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study, which looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4), is published in the March 27, 2024, online issue of Neurology(r) Clinical Practice, an official journal of the American Academy of Neurology.


						
A stroke can cause long-term disability or even death. Knowing where a stroke has occurred in the brain helps predict long-term effects such as problems with speech and language or a person's ability to move part of their body. It can also help determine the best treatment and a person's overall prognosis.

Damage to the brain tissue from a stroke is called a lesion. A neurologic exam can help locate lesions, when paired with a review of a person's health history. The exam involves symptom evaluation and thinking and memory tests. People with stroke often have brain scans to locate lesions.

"Not everyone with stroke has access to brain scans or neurologists, so we wanted to determine whether GPT-4 could accurately locate brain lesions after stroke based on a person's health history and a neurologic exam," said study author Jung-Hyun Lee, MD, of State University of New York (SUNY) Downstate Health Sciences University in Brooklyn and a member of the American Academy of Neurology.

The study used 46 published cases of people who had stroke. Researchers gathered text from participants' health histories and neurologic exams. The raw text was fed into GPT-4. Researchers asked it to answer three questions: whether a participant had one or more lesions; on which side of the brain lesions were located; and in which region of the brain the lesions were found. They repeated these questions for each participant three times. Results from GPT-4 were then compared to brain scans for each participant.

Researchers found that GPT-4 processed the text from the health histories and neurologic exams to locate lesions in many participants' brains, identifying which side of the brain the lesion was on, as well as the specific brain region, with the exception of lesions in the cerebellum and spinal cord.

For the majority of people, GPT-4 was able to identify on which side of the brain lesions were found with a sensitivity of 74% and a specificity of 87%. Sensitivity is the percentage of actual positives that are correctly identified as positive. Specificity is the percentage of negatives that are correctly identified. It also identified the brain region with a sensitivity of 85% and a specificity of 94%.




When looking at how often the three tests had the same result for each participant, GPT-4 was consistent for 76% of participants regarding the number of brain lesions. It was consistent for 83% of participants for the side of the brain, and for 87% of participants regarding the brain regions.

However, when combining its responses to all three questions across all three times, GPT-4 provided accurate answers for 41% of participants.

"While not yet ready for use in the clinic, large language models such as generative pre-trained transformers have the potential not only to assist in locating lesions after stroke, they may also reduce health care disparities because they can function across different languages," said Lee. "The potential for use is encouraging, especially due to the great need for improved health care in underserved areas across multiple countries where access to neurologic care is limited."

A limitation of the study is that the accuracy of GPT-4 depends on the quality of the information it is provided. While researchers had detailed health histories and neurologic exam information for each participant, such information is not always available for everyone who has a stroke.
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New tool provides researchers with improved understanding of stem cell aging in the brain | ScienceDaily
Researchers can use the light naturally thrown off by biological specimens to better study the different states of stem cells in the nervous system, thanks to a tool developed at the University of Wisconsin-Madison, brightening their chances for studying the way stem cells age.


						
The UW-Madison team combined autofluorescence -- that natural light emission -- and sequencing genetic material in single cells to study the behavior of neural stem cells. Autofluorescence is often considered a hindrance, as it can obscure the glowing labels researchers use to track specific signals within a cell. In their new technique, however, the researchers found the signatures of autofluorescence can be used to study stem cells' dormant state, known as quiescence.

They published their findings recently in the journal Cell Stem Cell.

"The quiescent state is very important, because the exit from quiescence is the rate-limiting step in making newborn neurons in the adult brain. Aging and neurological diseases limit this exit from quiescence, so we have a great need to study adult neural stem cells in their different cell states," says Darcie Moore, the senior author on the study, a professor of neuroscience and member of UW-Madison's Stem Cell and Regenerative Medicine Center. "Our goal was to create a new tool that could identify if an adult neural stem cell was quiescent and its different substates (dormant or resting quiescence), or if the cell is activated, entering into the cell cycle."

Moore partnered with Melissa Skala, a UW-Madison biomedical engineering professor, Morgridge Institute for Research investigator and member of the Stem Cell and Regenerative Medicine Center whose lab has been developing fluorescence lifetime imaging to study the autofluorescent signatures associated with single cells.

When cells shift from active to quiescent states, the presence and abundance of certain proteins important to metabolism change. These molecules alter the way light is absorbed and emitted back out of the cell. By focusing on light emitted by parts of the cell that change in key ways with quiescence, the researchers identified the light "signature" that matches a target cell state.

"These natural signals within the cell can reliably identify cell function and identity," Skala says. "It's like nature is trying to tell us all the secrets of life."

By sequencing RNA -- a kind of working copy of DNA used to produce the proteins that make things happen in cells -- in the mouse neural stem cells they studied, the researchers confirmed matches between cell state and light signatures.




By identifying and decoding these autofluorescence signatures, Moore and Skala have developed a tool that can aid in studying adult neurological diseases and aging, but potentially also expand beyond neuroscience. They've already begun working with Colin Crist, a professor of human genetics at McGill University, to investigate the unique autofluorescent signatures present in muscle stem cells.

"Now that we've discovered that this research created not only a tool but gave us unique insight to cellular processes that are different between quiescent and activated neural stem cells, I feel even more strongly that identifying a cell based on how they act versus how they express one protein will shift studies from studying static systems to dynamic systems," says Moore. "That we can study these cells as they change throughout time without destroying them -- while also seeing how these functional measures change -- is very exciting."

This research was supported in part by grants from the National Institutes of Health (P30 CA014520, 1S10RR025483-01, T32GM008688 and 1DP2OD025783) as well as the Vallee Foundation, Morgridge Institute for Research and Retina Research Foundation.
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A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis | ScienceDaily

Deaths can occur even with treatment, sometimes because of drug resistance in TB bacteria and other times due to poor delivery of TB-targeting drugs to patients' infected lung tissue.

To address the latter challenge, a team led by researchers at Massachusetts General Hospital (MGH) in collaboration with scientists at the National Institute of Allergy and Infectious Disease (NIAID), the University of Notre Dame, and Hackensack Meridian School of Medicine, repurposed approved drugs that they originally tested to normalize blood vessels surrounding tumors to improve drug delivery to cancer cells.

In this latest research, which is published in the Proceedings of the National Academy of Sciences, these drugs effectively enhanced the delivery of anti-microbial medications to kill TB bacteria.

"Our team is interested in understanding and overcoming physiological barriers to drug delivery in pulmonary granulomas, the site of TB disease that manifests as abnormal lung masses. Even the most potent anti-bacterial drug will fail if it cannot reach the bacteria fueling the disease," says senior and co-corresponding author Rakesh K. Jain, PhD, director of the E.L. Steele Laboratories for Tumor Biology at MGH and the Andrew Werk Cook Professor of Radiation Oncology at Harvard Medical School.

Poorly functioning blood vessels and an overabundant extracellular matrix (a network of proteins and other molecules that surround and give structure to tissues in the body) both reduce blood flow and drug delivery throughout granulomas, where TB bacteria reside and hide, evading attack by the body's immune system.

"Our multidisciplinary team of engineers, cancer biologists, immunologists, microbiologists, and data analysts used a lab model of TB, which recapitulates human disease, to test what are called host-directed therapies -- or HDTs -- that 'normalize' the abnormal blood vessels and extracellular matrix in granulomas," says Jain. These HDTs are bevacizumab, which acts on blood vessels, and losartan, which targets the extracellular matrix.




Jain and his colleagues previously showed that bevacizumab could improve drug delivery to TB granulomas. Now they've shown that combining bevacizumab and losartan in rabbits with TB enhances TB drug delivery, promotes anti-bacterial host responses, and improves health outcomes. Surprisingly, the HDTs themselves (without anti-bacterial agents) were able to reduce bacteria numbers in TB granulomas.

To identify the mechanisms involved, the investigators analyzed granuloma and lung tissues and found that the HDTs promoted inflammatory responses against TB bacteria, both in immune and non-immune cells in the lung.

"Because bevacizumab and losartan are approved, safe, and affordable, our preclinical study lays the groundwork for direct clinical translation to test these HDTs in patients with TB for the drugs' ability to improve outcomes of anti-bacterial therapy," says Jain.

Study co-authors include Meenal Datta (co-corresponding author), Laura E. Via (co-first author), Ve?ronique Dartois (co-first author), Danielle M. Weiner, Matthew Zimmerman, Firat Kaya, April M. Walker, Joel D. Fleegle, Isaac D. Raplee, Colton McNinch, Maksym Zarodniuk1, Walid S. Kamoun, Changli Yue, Ashwin S. Kumar, Sonu Subudhi, Lei Xu, and Clifton E. Barry III (co-corresponding author).

This work was supported in part by grants from the Bill & Melinda Gates Foundation and the National Institutes of Health.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327155003.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Combining epigenetic cancer medications may have benefit for colorectal cancers and other tumor types | ScienceDaily
A pair of medications that make malignant cells act as if they have a virus could hold new promise for treating colorectal cancers and other solid tumors, reports a study published today in Science Advances.


						
The preclinical research, led by Van Andel Institute scientists, determined how low doses of a DNMT inhibitor sensitize cancer cells to an EZH2 inhibitor, resulting in a one-two punch that combats cancer cells better than either drug alone.

The findings are the foundation for an upcoming Phase I clinical trial to evaluate this combination in people with colorectal cancer or other solid tumors.

"DNMT inhibitors are approved to treat blood cancer while EZH2 inhibitors are approved to treat blood cancer and a rare type of sarcoma. To date, they've had limited individual success in solid tumors like colorectal cancer," said Van Andel Institute Professor Scott Rothbart, Ph.D., the study's corresponding author. "Our findings highlight the promise of combination cancer therapies by revealing how these two medications interact, with the DNMT inhibitor priming cancer cells in a way that makes the EZH2 inhibitor more effective."

DNMT and EZH2 inhibitors work by controlling the epigenetic processes that regulate gene expression. In cancer, epigenetic errors enable malignant cells to survive and proliferate -- and offer critical targets for treatment.

Previous studies show that DNMT inhibitors cause cancer cells to behave as if infected by a virus, which makes the cells more susceptible to attack by one's own immune system. In their new study, Rothbart and colleagues demonstrated that combining DNMT and EZH2 inhibitors activate this viral mimicry process more effectively than either drug on its own. The upcoming trial will be the first time these two medication types will be combined to enhance the activities of these inhibitors in solid tumors.

Colorectal cancers are the second leading cause of cancer death globally, according to the World Health Organization. More than 1.9 million cases were diagnosed in 2020, with incidence expected to rise to 3.2 million cases by 2040. Although screening and early detection have driven down colorectal cancer rates among older people in the U.S., rates are rising in younger people.




"Although it is not clear why colorectal cancer cases are rising among young people, it is clear that we need more effective treatment strategies," Rothbart said. "Combining medications may be a powerful way to simultaneously target multiple drivers of cancer. In addition to revealing how DNMT and EZH2 inhibitors work together, our findings suggest that epigenetic drugs also may sensitize tumors to immunotherapy, which offers another important opportunity to enhance cancer treatment."

The upcoming trial will be supported by the Van Andel Institute-Stand Up To Cancer(c) (SU2C) Epigenetics Dream Team, a multi-institutional collaboration that evaluates promising potential combination therapies for cancer, and a National Cancer Institute Specialized Programs of Research Excellence (SPORE) award, a prestigious five-year grant that supports a team of scientists seeking to improve epigenetic cancer therapies.

Today's findings were made possible in part by a SPORE-supported subproject on DNMT and EZH2 inhibitors led by Rothbart and Stephen Baylin, M.D., of Johns Hopkins University and Van Andel Institute. Baylin also serves as co-leader of the VAI-SU2C Epigenetics Dream Team and is an author on today's study.

The study's first authors are Alison A. Chomiak, Ph.D., and Rochelle L. Tiedemann, Ph.D., of VAI. Other authors include Yanqing Liu, M.D., Ashley K. Wiseman, M.S., and Kate E. Thurlow, M.Sc., of VAI; Xiangqian Kong, Ph.D., Ying Cui, Ph.D., and Michael E. Topper, Ph.D., of Johns Hopkins University; and Evan M. Cornett, Ph.D., of Indiana University.
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Researchers turn back the clock on cancer cells to offer new treatment paradigm | ScienceDaily
St. Jude Children's Research Hospital scientists reversed an aggressive cancer, reverting malignant cells towards a more normal state. Rhabdoid tumors are an aggressive cancer which is missing a key tumor suppressor protein. Findings showed that with the missing tumor suppressor, deleting or degrading the quality control protein DCAF5 reversed the cancer cell state. These results suggest a new approach to curing cancer -- returning cancerous cells to an earlier, more normal state rather than killing cancer cells with toxic therapies -- may be possible. The results were published today in Nature.


						
"Rather than making a toxic event that kills rhabdoid cancer, we were able to reverse the cancer state by returning the cells toward normal," said senior author Charles W.M. Roberts, MD, PhD, Executive Vice President and St. Jude Comprehensive Cancer Center director. "This approach would be ideal, especially if this paradigm could also be applied to other cancers."

"We found a dependency which actually reverses the cancer state," said first author Sandi Radko-Juettner, PhD, a former St. Jude Graduate School of Biomedical Sciences student, now a Research Program Manager for the Hematological Malignancies Program at St. Jude. "Standard cancer therapies work by causing toxicities that also damage healthy cells in the body. Here, it appears that we're instead fixing the problem caused by the loss of a tumor suppressor in this rhabdoid cancer."

Drugging the un-targetable

In many cancers, there is no easily druggable target. Often, these cancers are caused by a missing tumor suppressor protein, so there is nothing to target directly as the protein is missing. Loss of tumor suppressors is much more common than a protein gaining the ability to drive cancer. Consequently, finding a way to intervene therapeutically in these tumors is a high priority. The researchers were looking for a way to treat an aggressive set of cancers caused by the loss of the tumor suppressor protein SMARCB1 when they found a new approach to treatment.

The St. Jude group found a little-studied protein, DCAF5, was essential to rhabdoid tumors missing SMARCB1. Initially, they identified DCAF5 as a target, using the Dependency Map (DepMap) portal, a database of cancer cell lines and the genes critical for their growth. DCAF5 was a top dependency in rhabdoid tumors. After the initial finding, the scientists genetically deleted or chemically degraded DCAF5. The cancer cells reverted to a non-cancerous state, persisting even in a long-term mouse model.

"We saw a spectacular response," Roberts said. "The tumors melted away."

Removing quality control to reverse cancer




Normally, SMARCB1 is an essential component of a larger chromatin-regulating complex of proteins called the SWI/SNF complex. Unexpectedly, the study found that in the absence of SMARCB1, DCAF5 recognizes SWI/SNF as abnormal and destroys the complex. When DCAF5 degrades them, the researchers showed that SWI/SNF re-forms and maintains its ability to open chromatin and regulate gene expression. While the SWI/SNF activity level in the absence of SMARCB1 was to a lesser extent than usual, it was nonetheless sufficient to reverse the cancer state fully.

"DCAF5 is doing a quality control check to ensure that these chromatin machines are built well," Roberts said. "Think of a factory assembling a machine. You need quality checks to examine and find faults and to pull it off the line if it doesn't meet standards. DCAF5 is doing such quality assessments for the assembly of SWI/SNF complexes, telling the cell to get rid of complexes if SMARCB1 is absent."

"The mutation of SMARCB1 shuts off gene programs that prevent cancer. By targeting DCAF5, we're turning those gene programs back on," Radko-Juettner said. "We're reversing the cancer state because the cell is becoming more 'normal' when these complexes aren't targeted for destruction by DCAF5."

Future therapeutic opportunities to reverse cancer

"From a therapeutic perspective, our results are fascinating," Radko-Juettner said. "DCAF5 is part of a larger family of DCAF proteins that have been shown to be drug targetable. We showed that when DCAF5 is absent, mice had no discernable health effects, so we could potentially target DCAF5. This can kill the cancer cells but shouldn't affect healthy cells. Targeting DCAF5 thus has the potential to avoid the off-target toxicity of radiation or chemotherapy, making it a promising therapeutic avenue to pursue."

Beyond DCAF5, the findings could have implications for other cancers driven by the loss of a tumor suppressor.

"We have demonstrated a beautiful proof of principle," Roberts said. "Myriad types of cancers are caused by tumor suppressor loss. We hope we may have opened the door to thinking about new ways to approach targeting at least some of these by reversing, instead of killing, cancer."
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Making long-term memories requires nerve-cell damage | ScienceDaily
Just as you can't make an omelet without breaking eggs, scientists at Albert Einstein College of Medicine have found that you can't make long-term memories without DNA damage and brain inflammation. Their surprising findings were published online today in the journal Nature.


						
"Inflammation of brain neurons is usually considered to be a bad thing, since it can lead to neurological problems such as Alzheimer's and Parkinson's disease," said study leader Jelena Radulovic, M.D., Ph.D., professor in the Dominick P. Purpura Department of Neuroscience, professor of psychiatry and behavioral sciences, and the Sylvia and Robert S. Olnick Chair in Neuroscience at Einstein. "But our findings suggest that inflammation in certain neurons in the brain's hippocampal region is essential for making long-lasting memories."

The hippocampus has long been known as the brain's memory center. Dr. Radulovic and her colleagues found that a stimulus sets off a cycle of DNA damage and repair within certain hippocampal neurons that leads to stable memory assemblies -- clusters of brain cells that represent our past experiences. Elizabeth Wood, a Ph.D. student, and Ana Cicvaric, a postdoc in the Radulovic lab, were the study's first authors at Einstein.

From Shocks to Stable Memories

The researchers discovered this memory-forming mechanism by giving mice brief, mild shocks sufficient to form a memory of the shock event (episodic memory). They then analyzed neurons in the hippocampal region and found that genes participating in an important inflammatory signaling pathway had been activated.

"We observed strong activation of genes involved in the Toll-Like Receptor 9 (TLR9) pathway," said Dr. Radulovic, who is also director of the Psychiatry Research Institute at Montefiore Einstein (PRIME). "This inflammatory pathway is best known for triggering immune responses by detecting small fragments of pathogen DNA. So at first we assumed the TLR9 pathway was activated because the mice had an infection. But looking more closely, we found, to our surprise, that TLR9 was activated only in clusters of hippocampal cells that showed DNA damage."

Brain activity routinely induces small breaks in DNA that are repaired within minutes. But in this population of hippocampal neurons, the DNA damage appeared to be more substantial and sustained.




Triggering Inflammation to Make Memories

Further analysis showed that DNA fragments, along with other molecules resulting from the DNA damage, were released from the nucleus, after which the neurons' TLR9 inflammatory pathway was activated; this pathway in turn stimulated DNA repair complexes to form at an unusual location: the centrosomes. These organelles are present in the cytoplasm of most animal cells and are essential for coordinating cell division. But in neurons -- which don't divide -- the stimulated centrosomes participated in cycles of DNA repair that appeared to organize individual neurons into memory assemblies.

"Cell division and the immune response have been highly conserved in animal life over millions of years, enabling life to continue while providing protection from foreign pathogens," Dr. Radulovic said. "It seems likely that over the course of evolution, hippocampal neurons have adopted this immune-based memory mechanism by combining the immune response's DNA-sensing TLR9 pathway with a DNA repair centrosome function to form memories without progressing to cell division."

Resisting Inputs of Extraneous Information

During the week required to complete the inflammatory process, the mouse memory-encoding neurons were found to have changed in various ways, including becoming more resistant to new or similar environmental stimuli. "This is noteworthy," said Dr. Radulovic, "because we're constantly flooded by information, and the neurons that encode memories need to preserve the information they've already acquired and not be 'distracted' by new inputs."

Importantly, the researchers found that blocking the TLR9 inflammatory pathway in hippocampal neurons not only prevented mice from forming long-term memories but also caused profound genomic instability, i.e, a high frequency of DNA damage in these neurons.

"Genomic instability is considered a hallmark of accelerated aging as well as cancer and psychiatric and neurodegenerative disorders such as Alzheimer's," Dr. Radulovic said. "Drugs that inhibit the TLR9 pathway have been proposed for relieving the symptoms of long COVID. But caution needs to be shown because fully inhibiting the TLR9 pathway may pose significant health risks."

The study is titled "Formation of memory assemblies through the DNA sensing TLR9 pathway." Other Einstein authors are: Hui Zhang, Ph.D., Zorica Petrovic, B.A., Anna Carboncino, Ph.D., Kendra K. Parker, B.A., Thomas E. Bassett, Ph.D., Xusheng Zhang, M.S. The other contributors are: co-first author Vladimir Jovasevic, Ph.D., at Northwestern University, Chicago, IL; Maria Moltesen, Ph.D., Naoki Yamawaki, Ph.D., Hande Login, Ph.D., Joanna Kalucka, Ph.D., all at Aarhus University, Aarhus, Denmark; Farahnaz Sananbenesi, and Andre Fischer, Ph.D., at University Medical Center, Gottingen, Germany.
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Getting too little sleep linked to high blood pressure | ScienceDaily
Sleeping fewer than seven hours is associated with a higher risk of developing high blood pressure over time, according to a study presented at the American College of Cardiology's Annual Scientific Session.


						
While the association between sleep patterns and high blood pressure has been reported, evidence about the nature of this relationship has been inconsistent, according to researchers. The current analysis pools data from 16 studies conducted between January 2000 and May 2023, evaluating hypertension incidence in 1,044,035 people from six countries who did not have a prior history of high blood pressure over a median follow-up of five years (follow-up ranged from 2.4 to 18 years). Short sleep duration was significantly associated with a higher risk of developing hypertension after adjusting for demographic and cardiovascular risk factors, including age, sex, education, BMI, blood pressure, smoking status etc. Furthermore, the association was found to be even stronger for those getting less than five hours of sleep.

"Based on the most updated data, the less you sleep -- that is less than seven hours a day -- the more likely you will develop high blood pressure in the future," said Kaveh Hosseini, MD, assistant professor of cardiology at the Tehran Heart Center in Iran and principal investigator of the study. "We saw a trend between longer sleep durations and a greater occurrence of high blood pressure, but it was not statistically significant. Getting seven to eight hours of sleep, as is recommended by sleep experts, may be the best for your heart too."

The study found that sleeping less than seven hours was associated with a 7% increased risk of developing high blood pressure, which spiked to 11% when reported sleep duration was less than five hours. By comparison, diabetes and smoking are known to heighten one's risk of hypertension by at least 20%, Hosseini said.

While the study did not look at why this might be the case, Hosseini said that disrupted sleep could be to blame. For example, he said lifestyle habits or comorbid conditions such as overeating, alcohol use, nightshift work, certain medication use, anxiety, depression, sleep apnea or other sleep disorders may be factors.

Researchers were surprised there were no age-based differences in the association between sleep duration and hypertension given that sleep patterns tend to shift with age. The age of the participants ranged from 35.4 years to 60.9 years and more than half (61%) were female. When compared with men, females who reported less than seven hours of sleep had a 7% greater risk of developing high blood pressure.

"Getting too little sleep appears to be riskier in females," Hosseini said. "The difference is statistically significant, though we are not sure it's clinically significant and should be further studied. What we do see is that lack of good sleep patterns may increase the risk of high blood pressure, which we know can set the stage for heart disease and stroke."

It's important for people to talk with their health care team about their sleep patterns, especially if they have disrupted sleep that might be due to obstructive sleep apnea. Sleep apnea has been tied to higher rates of high blood pressure, stroke and coronary artery disease.

This study has several limitations, including that sleep duration was based on self-reported questionnaires, so changes in sleep duration over the follow-up period were not assessed. Moreover, there were variations in how short sleep duration was defined between the studies (fewer than five or six hours).

"Further research is required to evaluate the association between sleep duration and high blood pressure using more accurate methods like polysomnography, a method for evaluating sleep quality more precisely," Hosseini said. "Moreover, the variations in reference sleep duration underline the need for standardized definition in sleep research to enhance the comparability and generalizability of findings across diverse studies."
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Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries | ScienceDaily
Researchers at Trinity College Dublin have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.


						
The study, carried out in collaboration with archaeologists from the Atlantic Technological University and University of Edinburgh, was published today in journal Molecular Biology and Evolution. The authors identified several bacteria linked to gum disease and provided the first high-quality ancient genome of Streptococcus mutans, the major culprit behind tooth decay.

While S. mutans is very common in modern mouths, it is exceptionally rare in the ancient genomic record. One reason for this may be the acid-producing nature of the species. This acid decays the tooth, but also destroys DNA and stops plaque from fossilising. While most ancient oral microbiomes are retrieved from fossilised plaque, this study targeted the tooth directly.

Another reason for the scarcity of S. mutans in ancient mouths may be the lack of favorable habitats for this sugar-loving species. An uptick of dental cavities is seen in the archaeological record after the adoption of cereal agriculture thousands of years ago, but a far more dramatic increase has occurred only in the past few hundred years when sugary foods were introduced to the masses.

The sampled teeth were part of a larger skeletal assemblage excavated from Killuragh Cave, County Limerick, by the late Peter Woodman of University College Cork. While other teeth in the cave showed advanced dental decay, no cavities were visible on the sampled teeth. However, one tooth produced an unprecedented amount of S. mutans DNA, a sign of an extreme imbalance in the oral microbial community.

"We were very surprised to see such a large abundance of S. mutans in this 4,000-year-old tooth," said Dr Lara Cassidy, an assistant professor in Trinity's School of Genetics and Microbiology, and senior author of the study. "It is a remarkably rare find and suggests this man was at a high risk of developing cavities right before his death."

The researchers also found that other streptococcal species were virtually absent from the tooth. This indicates the natural balance of the oral biofilm had been upset -- mutans had outcompeted the other streptococci leading to the pre-disease state.




The team also found evidence to support the "disappearing microbiome" hypothesis, which proposes modern microbiomes are less diverse than those of our ancestors. This is cause for concern, as biodiversity loss can impact human health. The two Bronze Age teeth produced highly divergent strains of Tannerella forsythia, a bacteria implicated in gum disease.

"These strains from a single ancient mouth were more genetically different from one another than any pair of modern strains in our dataset, despite the modern samples deriving from Europe, Japan and the USA," explained Iseult Jackson, a PhD candidate at Trinity, and first author of the study. "This represents a major loss in diversity and one that we need to understand better."

Very few full genomes from oral bacteria have been recovered prior to the Medieval era. By characterising prehistoric diversity, the authors were able to reveal dramatic changes in the oral microenvironment that have happened since.

Dr Cassidy added: "Over the last 750 years, a single lineage of T. forsythia has become dominant worldwide. This is the tell-tale sign of natural selection, where one strain rises rapidly in frequency due to some genetic advantage it holds over the others. T. forsythia strains from the industrial era onwards contain many new genes that help the bacteria colonise the mouth and cause disease.

"S. mutans has also undergone recent lineage expansions and changes in gene content related to pathogenicity. These coincide with humanity's mass consumption of sugar, although we did find that modern S. mutans populations have remained more diverse, with deep splits in the S. mutans evolutionary tree pre-dating the Killuragh genome."

The scientists believe this is driven by differences in the evolutionary mechanisms that shape genome diversity in these species.

"S. mutans is very adept at swapping genetic material between strains," said Dr Cassidy. "This means an advantageous innovation can be spread across S. mutans lineages like a new piece of tech. This ability to easily share innovations may explain why this species retains many diverse lineages without one becoming dominant and replacing all the others."

In effect, both these disease-causing bacteria have changed dramatically from the Bronze Age to today, but it appears that very recent cultural transitions in the industrial era have had an inordinate impact.
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Spot-on laser treatment for skin blemishes becoming clearer with new index | ScienceDaily
Many people bothered by skin blemishes might turn to laser treatment. To improve efficacy and reduce complications from such laser treatment, an Osaka Metropolitan University-led research group has developed an index of the threshold energy density, known as fluence, and the dependent wavelength for picosecond lasers.


						
Picosecond lasers have in recent years been used to remove pigmented lesions. These lasers deliver energy beams in pulses that last for about a trillionth of a second. The lasers target melanosomes, which produce, store, and transport the melanin responsible for pigment.

Postdoctoral Fellow Yu Shimojo of OMU's Graduate School of Medicine and Specially Appointed Professor Toshiyuki Ozawa and Professor Daisuke Tsuruta of the school's Department of Dermatology were among the researchers who developed this first picosecond laser index for each of the wavelengths used in clinical practice in treating pigmented lesions.

Comparing previously reported clinical studies, the researchers confirmed that clinical results showing low complication rates and high efficacy can be explained based on these wavelength-dependent indicators.

"The use of this indicator is expected to play an important part in setting irradiation conditions in clinical practice," Postdoc Fellow Shimojo said. "In addition, the implementation of picosecond laser therapy based on scientific evidence, rather than relying solely on physicians' experience, is expected to improve the safety and effectiveness of the treatment."
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Want to feel young? Protect your sleep | ScienceDaily
Feeling sleepy can make you feel ten years older. Researchers at Stockholm University have discovered that sleep affects how old you feel. The study is published in the scientific journal Proceedings of the Royal Society B.


						
Do you ever find yourself longing for the energy and vitality of your younger years? Feeling young is not just a matter of perception -- it is actually related to objective health outcomes. Previous studies have shown that feeling younger than one's actual age is associated with longer, healthier lives. There is even support for subjective age to predict actual brain age, with those feeling younger having younger brains.

"Given that sleep is essential for brain function and overall well-being, we decided to test whether sleep holds any secrets to preserving a youthful sense of age," says Leonie Balter, researcher at the Department of Psychology, Stockholm University.

In the first study, 429 individuals aged 18 to 70 were asked how old they felt, how many days in the past month they had not gotten enough sleep, and how sleepy they were. It turned out that for each night with insufficient sleep in the past month, participants felt on average 0.23 years older.

In a second study, the researchers tested whether it was indeed the lack of sleep causing participants to feel older. Therefore, they conducted an experimental sleep restriction study involving 186 participants aged 18 to 46. Participants restricted their sleep for two nights -only four hours in bed each night -- and another time slept sufficiently for two nights, with nine hours in bed each night.

After sleep restriction, participants felt on average 4.4 years older compared to when having enjoyed sufficient sleep. The effects of sleep on subjective age appeared to be related to how sleepy they felt. Feeling extremely alert was related to feeling 4 years younger than one's actual age, while extreme sleepiness was related to feeling 6 years older than one's actual age.

"This means that going from feeling alert to sleepy added a striking 10 years to how old one felt," says Leonie Balter, and states that the implications for our daily lives are clear:

"Safeguarding our sleep is crucial for maintaining a youthful feeling. This, in turn, may promote a more active lifestyle and encourage behaviours that promote health, as both feeling young and alert are important for our motivation to be active."
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Social, environmental factors may raise risk of developing heart disease and stroke | ScienceDaily
People who live in areas with social and environmental adversities may have up to twice the increased risk for developing heart disease and stroke, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
In this study, environmental adversities included air and water pollution, potentially hazardous or toxic sites, few recreational parks, and high traffic roads, railways or airports. Social vulnerabilities were defined as racial and ethnic minority status; socioeconomic factors such as income, education and employment levels; housing status; and access to internet and health care.

"Our study is one of the first to examine the impact of both social and environmental factors in combination and looked at the complex interplay between them," said the study's senior author Sarju Ganatra, M.D., a cardiologist and vice chair in the department of medicine for research and director of the Cardio-Oncology Program and South Asian Cardio-Metabolic Program at Lahey Hospital and Medical Center in Burlington, Massachusetts.

This study used the Environmental Justice Index -- developed with data from the U.S. Census Bureau, the U.S. Environmental Protection Agency, U.S. Mine Safety and Health Administration and the U.S. Centers for Disease Control and Prevention -- to rate environmental disadvantages across all U.S. census tracts.

The analysis found:
    	People living in the most environmentally vulnerable neighborhoods had 1.6 times the rate of blocked arteries and more than twice the rate of stroke compared to people living in the least environmentally vulnerable neighborhoods.
    	Cardiovascular disease risk factors were higher in the most vulnerable areas with twice the rate of Type 2 diabetes, 1.8 times higher rates of chronic kidney disease, and 1.5 times higher incidence of high blood pressure and obesity.
    	About 30% of all U.S. residents aged 18-44, 21% of Black adults and most Hispanic adults resided in places with alarmingly high environmental burdens.

"I was amazed to see the tight links and complex interplay between social and environmental factors on health outcomes. We were able to demonstrate their 'dual hit' on health outcomes. And beyond that, we were more amazed by the fact that even after adjusting for socioeconomic factors, environmental factors played a crucial and independent role in determining various heart disease and other related health outcomes," Ganatra said.

According to researchers, reversing the impact of social and environmental disadvantages will require a multi-pronged approach with interventions to reduce pollution exposure and policies that address the causes of poverty, urban revitalization, high quality public education, job creation programs and affordable housing, along with steps to ensure universal access to quality health care.

"Our aim is to empower the health care community to better inform patients about environmental factors they encounter daily. Patients, in turn, gain the ability to reduce their exposure to harmful environmental conditions, such as exposure to harmful chemicals and air pollutants to minimize health hazards and mitigate health risks," Ganatra said.
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Developmental psychology: Concern for others emerges during second year of life | ScienceDaily
Children exhibit empathic concern at about 18 months. In an LMU study, the facial expressions, gestures, or vocalizations of children at this age indicated they were emotionally affected by the distress of another person. From a psychological standpoint, this is an important developmental step. "To experience empathic concern, the child must be able to distinguish between the self and the other person," says Markus Paulus, Chair of Developmental Psychology and Educational Psychology at LMU. This self-concept emerges during the second year of life, as evidenced for instance by children recognizing themselves in the mirror.


						
Infants are moved by the feelings of others, such as fear or grief, from an early age. Developmental psychology interprets this emotional contagion as a first step toward empathic concern. "For empathic concern, you also have to be able to regulate the emotion and not be overwhelmed by it," explains Markus Paulus. Empathic concern requires not only affective resonance, but also cognitive understanding and the ability to take the perspective of the other person.

Empathic concern is acquired through social interactions

In the study, the researchers also investigated what role the behavior of caregivers plays in the ability of children to feel empathic concern for others. They discovered that the degree of parental sensitivity is key: The more sensitively mothers responded to the needs of their infants, the greater the capacity of the children was in their second year of life to show empathic concern for a stranger. Thus, empathic concern is socially acquired. "A child couldn't survive without sensitive caregivers who act with empathic concern. Children learn from them how to deal with negative emotions. As a result, they are subsequently able to apply these lessons themselves," says Markus Paulus. As such, the study shows that empathic concern is not innate, but develops in the context of social interactions.

For the further development of the child, empathic concern is critical for prosocial behavior. "Empathic concern helps us respond appropriately to the distress of others. It motivates us to care for them," says co-author Tamara Becher.

For the study, a team led by Markus Paulus and Tamara Becher invited the same infants and their mothers to behavioral experiments at LMU when the children were 6, 10, 14, and 18 months old. A total of 127 mother-child pairs were studied over a period of one-and-a-half years. The researchers recorded signs of empathic concern in the children in playful situations at four different points in time. In the experiment, the children observed how another person had a slight accident and simulated pain. Their response was additionally compared against their behavior when they saw another person laughing. The children were six months old at the time of their first visit and 18 months old at the time of their last one.
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Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks | ScienceDaily
This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.


						
New research from Queen Mary University of London led by Dr Dunja Aksentijevic in the Faculty of Medicine and Dentistry has revealed that that the genome of the naked mole-rat contains specific adaptations that allow them to survive in low-oxygen, and even no oxygen environments in their natural habitat. The findings also show the mammals' distinct cardiometabolic profile helps to avoid damage to their hearts caused by cardiovascular events.

Dr Aksentijevic led the team of scientists from London, Pretoria and Cambridge to sample heart tissue from the naked mole-rat and compared it to samples from other African mole-rat species (Cape, Cape dune, common, Natal, Mahali, highveld and Damaraland mole-rats), as well as evolutionarily divergent mammals (Hottentot golden mole and C57/BL6 mouse).

In this study, they found that the naked mole-rat has a unique expression of genes in heart cells controlling energy generation from sugars resulting in a metabolic profile that is distinct from any of the other mole-rats as well as the other species studied. These unique cardiac metabolic and genetic features of the naked mole-rat heart led to enhanced energy reserves even during blood occlusion and return of blood flow after in vitro simulated heart attack. Collectively, these adaptations result in the naked mole-rat 's tolerance to reduced oxygen and negligible damage to their heart tissue.

Dr Chris Faulkes, Reader (Associate Professor) in Evolutionary Ecology at Queen Mary and Lead Author, said: "Naked mole-rats live in a unique hypoxic and social environment, and we believe these factors have driven the evolution of special adaptations in their hearts that contribute to their exceptional longevity and health span,"

Dr Dunja Aksentijevic, Wellcome Trust Career Re-Entry Fellow, Reader (Associate Professor) in Cardiovascular Physiology and Metabolism at Queen Mary, said: "Unlike humans, who are prone to heart injury by hypoxia and anoxia caused by blood occlusion during heart attacks, NMR hearts have adapted to evade such damage. Thanks to our research, we are now able to understand the metabolic and genetic mechanisms underpinning this unique level of protection."
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New technique for predicting protein dynamics may prove big breakthrough for drug discovery | ScienceDaily
Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers at Brown University has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.


						
A study describing the approach was published in Nature Communications on Wednesday, March 27.

The authors say the technique is accurate, fast, cost-effective and has the potential to revolutionize drug discovery by uncovering many more targets for new treatments.

In targeted cancer therapy, for example, treatments are designed to zero in on proteins that control how cancer cells grow, divide and spread. One of the challenges for structural biologists has been understanding cell proteins thoroughly enough to identify targets, said study author Gabriel Monteiro da Silva, a Ph.D. candidate in molecular biology, cell biology and biochemistry at Brown.

Monteiro da Silva uses computational methods to model protein dynamics and looks for ways to improve methods or find new methods that work best for different situations. For this study, he partnered with Brenda Rubenstein, an associate professor of chemistry and physics, and other Brown researchers to experiment with an existing A.I.-powered computational method called AlphaFold 2.

While Monteiro da Silva said that the accuracy of AlphaFold 2 has revolutionized protein structure prediction, the method has limitations: It allows scientists to model proteins only in a static state at a specific point in time.

"During most cellular processes, proteins will change shape dynamically," Monteiro da Silva said. "In order to match protein targets to drugs to treat cancer and other diseases, we need a more accurate understanding of these physiological changes. We need to go beyond 3D shapes to understanding 4D shapes, with the fourth dimension being time. That's what we did with this approach."

Monteiro da Silva used the analogy of a horse to explain protein models. The arrangement of the horse's muscles and limbs create different shapes depending on whether the horse is standing or galloping; protein molecules conform into different shapes due to the bonding arrangements of their constituent atoms. Imagine that the protein is a horse, Monteiro da Silva said. Previous methods were used to predict a model of a standing horse. It was accurate, but it didn't tell much about how the horse behaved or how it looked when it wasn't standing.




In this study, the researchers were able to manipulate the evolutionary signals from the protein to use AlphaFold 2 to rapidly predict multiple protein conformations, as well as how often those structures are populated. Using the horse analogy, the new method allows researchers to quickly predict multiple snapshots of a horse galloping, which means they can see how the muscular structure of the horse would change as it moved, and then compare those structural differences.

"If you understand the multiple snapshots that make up the dynamics of what's going on with the protein, then you can find multiple different ways of targeting the proteins with drugs and treating diseases," said Rubenstein, whose research focuses whose research focuses on electronic structure and biophysics.

Rubenstein explained that the protein on which the team focused in this study was one that had different drugs developed for it. Yet for many years, no one could understand why some of the drugs succeeded or failed, she said.

"It all came down to the fact that these specific proteins have multiple conformations, as well as to understanding how the drugs bind to the different conformations, instead of to the one static structure that these techniques previously predicted; knowing the set of conformations was incredibly important to understanding how these drugs actually functioned in the body," Rubenstein said.

Accelerating discovery time

The researchers noted that existing computational methods are cost- and time-intensive.




"They're expensive in terms of materials, in terms of infrastructure; they take a lot of time, and you can't really do these computations in a high throughput kind of way -- I'm sure I was one of the top users of GPUs in Brown's computer cluster," Monteiro da Silva said. "On a larger scale, this is a problem because there's a lot to explore in the protein world: how protein dynamics and structure are involved in poorly understood diseases, in drug resistance and in emerging pathogens."

The researchers described how Monteiro da Silva previously spent three years using physics to understand protein dynamics and conformations. Using their new A.I.-powered approach, the discovery time decreased to mere hours.

"So you can imagine what a difference that would make in a person's life: three years versus three hours," Rubenstein said. "And that's why it was very important that the method we developed should be high-throughput and highly efficient."

As for next steps, the research team is refining their machine learning approach, making it more accurate as well as generalizable, and more useful for a range of applications.
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Risk factors for faster aging in the brain revealed in new study | ScienceDaily
Researchers from the Nuffield Department of Clinical Neurosciences at the University of Oxford have used data from UK Biobank participants to reveal that diabetes, traffic-related air pollution and alcohol intake are the most harmful out of 15 modifiable risk factors for dementia.


						
The researchers had previously identified a 'weak spot' in the brain, which is a specific network of higher-order regions that not only develop later during adolescence, but also show earlier degeneration in old age. They showed that this brain network is also particularly vulnerable to schizophrenia and Alzheimer's disease.

In this new study, published in Nature Communications, they investigated the genetic and modifiable influences on these fragile brain regions by looking at the brain scans of 40,000 UK Biobank participants aged over 45.

The researchers examined 161 risk factors for dementia, and ranked their impact on this vulnerable brain network, over and above the natural effects of age. They classified these so-called 'modifiable' risk factors -- as they can potentially be changed throughout life to reduce the risk of dementia -- into 15 broad categories: blood pressure, cholesterol, diabetes, weight, alcohol consumption, smoking, depressive mood, inflammation, pollution, hearing, sleep, socialisation, diet, physical activity, and education.

Prof. Gwenaelle Douaud, who led this study, said: 'We know that a constellation of brain regions degenerates earlier in aging, and in this new study we have shown that these specific parts of the brain are most vulnerable to diabetes, traffic-related air pollution -- increasingly a major player in dementia -- and alcohol, of all the common risk factors for dementia.'

'We have found that several variations in the genome influence this brain network, and they are implicated in cardiovascular deaths, schizophrenia, Alzheimer's and Parkinson's diseases, as well as with the two antigens of a little-known blood group, the elusive XG antigen system, which was an entirely new and unexpected finding.'

Prof. Lloyd Elliott, a co-author from Simon Fraser University in Canada, concurs: 'In fact, two of our seven genetic findings are located in this particular region containing the genes of the XG blood group, and that region is highly atypical because it is shared by both X and Y sex chromosomes. This is really quite intriguing as we do not know much about these parts of the genome; our work shows there is benefit in exploring further this genetic terra incognita.'

Importantly, as Prof. Anderson Winkler, a co-author from the National Institutes of Health and The University of Texas Rio Grande Valley in the US, points out: 'What makes this study special is that we examined the unique contribution of each modifiable risk factor by looking at all of them together to assess the resulting degeneration of this particular brain 'weak spot'. It is with this kind of comprehensive, holistic approach -- and once we had taken into account the effects of age and sex -- that three emerged as the most harmful: diabetes, air pollution, and alcohol.'

This research sheds light on some of the most critical risk factors for dementia, and provides novel information that can contribute to prevention and future strategies for targeted intervention.
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Not unique to humans but uniquely human: researchers identify factor involved in brain expansion in humans | ScienceDaily
What makes us human? According to neurobiologists it is our neocortex. This outer layer of the brain is rich in neurons and lets us do abstract thinking, create art, and speak complex languages. An international team led by Dr. Mareike Albert at the Center for Regenerative Therapies Dresden (CRTD) of TUD Dresden University of Technology has identified a new factor that might have contributed to neocortex expansion in humans. The results were published in the EMBO Journal.


						
The neocortex is the characteristic folded outer layer of the brain that resembles a walnut. It is responsible for higher cognitive functions such as abstract thinking, art, and language. "The neocortex is the most recently evolved part of the brain," says Dr. Mareike Albert, research group leader at the CRTD. "All mammals have a neocortex, but it varies in size and complexity. Human and primate neocortices have folds while, for example, mice have a completely smooth neocortex, without any creases."

The folds characteristic of the human brain increase the surface area of the neocortex. The human neocortex has a greater number of neurons that support complex cognitive functions.

The molecular mechanisms driving neocortex evolution are still largely unknown. "Which genes are responsible for inter-species differences in neocortex size? What factors have contributed to brain expansion in humans? Answering these questions is crucial to understanding human brain development and potentially addressing mental health disorders," explains Dr. Albert.

The Power of Brain Organoids

To search for factors influencing brain expansion, the Albert group compared developing brains of mice and humans. "Stem cells in mice don't divide as much and don't produce as many neurons compared to primates. Humans, on the other hand, have a large number of stem cells in the developing brain. This highly expanded pool of stem cells underlies the increase in number of neurons and brain size," explains Dr. Albert.

The team found a factor that is present in humans but not in mice. Using 3D cell culture technology, the group tested if the newly identified factor could influence the expansion of the neocortex. "Thanks to the research awarded with the Nobel prize in 2012, it is possible to turn any cell into a stem cell. Such a stem cell can then be transformed into a three-dimensional tissue that resembles an organ, e.g., a brain. Human stem cells make it possible to study development and diseases directly in human tissues," explains Dr. Albert.




These 3D brain cultures, or brain organoids, may not resemble brains to an untrained eye, but they mimic the cellular complexity of developing brains. "Most of the cell types of the developing brain are present. They interact, signal, and are similarly arranged as in an actual human brain," says Dr. Albert.

Using 3D brain organoids, the group was able to show that a growth factor, known as epiregulin, indeed promotes the division and expansion of stem cells in the developing brain.

All About the Amount

"Knowing that epiregulin drives expansion of human neocortical stem cells, we looked back at the gene that codes for epiregulin and tried to trace it through the evolutionary tree," says study lead author Paula Cubillos, a doctoral candidate at the CRTD. The gene is not unique to humans, but also present in other primates and even in mice. "Epiregulin is not produced in the developing mouse brain, however, because the gene is permanently shut off and not being used. We were intrigued to understand whether there are any differences in how epiregulin works in humans and other primates," explains Paula Cubillos.

The researchers turned again to the 3D culture technology. Using gorilla stem cells, the researchers generated gorilla brain organoids. "Gorillas are endangered species. We know very little about their brain development. Organoids made from stem cells offer a way to study their brain development without interacting with the species at all," says Dr. Albert.

Comparing the effect of epiregulin in human and gorilla brain organoids, the team found that adding epiregulin to gorilla brain organoids can further promote the expansion of stem cells. However, adding even more epiregulin to human brain organoids did not have the same effect. This might be because the human neocortex has already expanded to a very large extent.

"Unlike previously identified factors, epiregulin as such seems not to be unique to humans. Instead, the amount of the growth factor seems to be the crucial regulator for the inter-species differences," concludes Dr. Albert.

This study not only advances our understanding of human uniqueness but also highlights the importance of new technologies that offer ethical and non-invasive complements to animal research.

The study was performed in collaboration with King's College London, the Medical Faculty Carl Gustav Carus of TU Dresden, the Max Planck Institute of Molecular Cell Biology and Genetics, and Hannover Medical School.
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Popular obesity drugs may lead to medical procedure complications | ScienceDaily
New research from Cedars-Sinai suggests people who are scheduled for certain medical procedures should stop taking popular weight loss drugs in the days or weeks prior to avoid complications.


						
Investigatorsfound glucagon-like peptide-1 receptor agonists (GLP-1RAs) -- medications like Ozempic and Wegovy that are used to treat diabetes and obesity -- are associated with an increased risk of aspiration pneumonia following endoscopy. The large, population-based study is published in the leading peer-reviewed journal Gastroenterology.

Aspiration pneumonia is caused by inhaling foreign materials -- including food in the stomach, or secretions from the mouth and nose -- into the lungs. Endoscopy is a medical procedure in which a physician puts a tube-like scope down a patient's throat and into the body to look inside.

One way the new obesity medications work is by slowing digestion, so people feel full longer, causing them to eat less. This also means that food sits in the stomach longer. As a result, the stomach may not empty completely during the usual duration of fasting that is recommended ahead of a surgical procedure to decrease risk of aspiration, explained the study's corresponding author, Ali Rezaie, MD, medical director of the GI Motility Program and director of bioinformatics at the MAST Program at Cedars-Sinai.

"Aspiration during or after endoscopy can be devastating," Rezaie said. "If significant, it can lead to respiratory failure, ICU admission and even death. Even mild cases may require close monitoring, respiratory support and medications including antibiotics. It is important we take all possible precautions to prevent aspiration from occurring."

The study analyzed data from nearly 1 million de-identified U.S. patients who underwent upper or lower endoscopy procedures between January 2018 and December 2020. Patients who were prescribed GLP-1RA medications had a 33% higher chance of experiencing aspiration pneumonia than those who did not take these medications before the procedure. This comparison also considered other variables that could influence the outcome to ensure a fair comparison between the two groups.

"When we apply this risk to the more than 20 million endoscopies that are performed in the U.S. each year, there may actually be a large number of cases where aspiration could be avoided if the patient safely stops their GLP-1RA medication in advance," Rezaie said.

"The results of this study could change clinical practice," said Yee Hui Yeo, MD, first author of the study and a clinical fellow in the Karsh Division of Gastroenterology and Hepatology at Cedars-Sinai. "Patients taking these medications who are scheduled to undergo a procedure should communicate with their healthcare team well in advance to avoid unnecessary and unwanted complications."
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New enzymatic cocktail can kill tuberculosis-causing mycobacteria | ScienceDaily
With resistance to chemical antibiotics on the rise, the world needs entirely new forms of antibiotics. A new study published in Microbiology Spectrum, a journal of the American Society for Microbiology, shows that an enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis. The research was carried out by scientists at Colorado State University and Endolytix Technologies.


						
"We have a mycobacterial drug that works for Nontuberculous Mycobacteria and M. tuberculosis that is biological, not phage therapy, and not small molecule antibiotics," said Jason Holder, Ph.D., a study coauthor and Founder and Chief Science Officer at Endolytix Technology. "Mycobacterial infections are particularly hard to treat due to poor efficacy with standard of care drugs that are used in multidrug regimens resulting in significant toxicities and treatments lasting 6 months to years. This is often followed up by reemergence of the bacterial infection after a year of testing negative."

In the new proof of principle study, the researchers took a biological approach instead of a chemical one to develop a cocktail of enzymes that attack the cell envelope of mycobacteria. The cocktail of enzymes contains highly specific biochemical catalysts that target and degrade the mycobacteria cell envelope that is essential for mycobacterial viability. To increase efficacy, the researchers delivered the enzymatic drug inside of host macrophages where mycobacteria grow. In laboratory experiments, the drug was effective against M. tuberculosis and Nontuberculous Mycobacteria (NTMs), both lethal pulmonary lung diseases (PD). TB kills roughly 1.5 million people per year.

"We characterized the mechanism of bactericide as through shredding of the bacterial cells into fragments," Holder said. "We've shown we can design and develop biological antibiotics and deliver them to the sites of infection through liposomal encapsulation. By combining drug delivery science with enzymes that lyse bacteria, we hope to open up treatment options in diseases such as NTM pulmonary disease, tuberculosis pulmonary disease and others."

According to study coauthor Richard Slayden, Ph.D., a professor in the Department of Microbiology, Immunology and Pathology at Colorado State University, the new therapy complements current standard-of-care drugs and does not have many of the drug-drug interactions that are problematic with many anti-mycobacterial drugs in use. "Endolytix enzymes work powerfully with standard-of-care antibiotics to kill bacteria with lower drug concentrations," Holder said. "This has the potential to reduce the significant toxicities associated with multi-drug regimens that are the standard for mycobacterial infections and hopefully lead to more rapid cures."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124634.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Safer, more efficient drug discovery | ScienceDaily
McGill researchers have discovered a safer and more efficient technique for testing new drugs while they are in development.


						
"Because this approach is so much more streamlined, it could help accelerate this step in the drug development process and make it less dangerous, since probing the distribution and fate of a drug in the body is required for any pharmaceutical candidate to be approved," says Bruce A. Arndtsen, a James McGill Professor who teaches in the Department of Chemistry at McGill and is the senior author on the paper describing the new process, published recently in Nature Chemistry.

"This research replaces what can be a days' long, dangerous and costly process with a simple and safe one requiring only a few hours," adds Jose Zgheib, a PhD candidate in the Arndtsen Group at McGill University who worked on the project.

Making sure medication reaches its target

Before a drug makes it to market it is tested to make sure that the molecules reach the appropriate areas of the body. This is typically done by adding a radioactive atom (e.g. carbon-14) to the drug so that its movement through the body can be traced. A bit like a GPS can be used to track the movements of animals.

Improving on a complicated and dangerous process

But to do so currently involves a complicated, multi-step, process whereby the carbon-14 atom is provided in the form of radioactive carbon monoxide or carbon dioxide gases, which are both very difficult and dangerous to work with. The gas is then incorporated into the synthesis of the medication being tested thereby making one of its carbon atoms carbon-14.

A molecular quick switch

McGill researchers have developed a new technique to incorporate the carbon-14 into the drug candidates in a single step. By using a catalyst, they have been able to exchange a carbon already in the drug (in the form of a carboxylic acid) with a carbon-14 from a similar type of donor molecule. More generally, the group's work in the area highlights a potentially powerful emerging approach to directly modify pharmaceuticals via metal catalyzed exchange reactions.
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Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy | ScienceDaily
Purdue University researchers are developing and validating patent-pending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP, to enhance immunotherapy effects against malignant tumors.


						
The nanoparticles slowly release drugs that induce immunogenic cell death, or ICD, in tumors. ICD generates tumor antigens and other molecules to bring immune cells to a tumor's microenvironment. The researchers have attached ATP to the nanoparticles, which also recruits immune cells to the tumor to initiate anti-tumor immune responses.

Yoon Yeo leads a team of researchers from the College of Pharmacy, the Metabolite Profiling Facility in the Bindley Bioscience Center, and the Purdue Institute for Cancer Research to develop the nanoparticles. Yeo is the associate department head and Lillian Barboul Thomas Professor of Industrial and Molecular Pharmaceutics and Biomedical Engineering; she is also a member of the Purdue Institute for Drug Discovery and the Purdue Institute for Cancer Research.

The researchers validated their work using paclitaxel, a chemotherapy drug used to treat several types of cancers. They found that tumors grew slower in mice treated with paclitaxel enclosed within ATP-modified nanoparticles than in mice treated with paclitaxel in non-modified nanoparticles.

"When combined with an existing immunotherapy drug, the ATP-modified, paclitaxel-loaded nanoparticles eliminated tumors in mice and protected them from rechallenge with tumor cells," Yeo said.

The research has been published in the peer-reviewed journal ACS Nano.

Challenges to systemic immunotherapy delivery

Immunotherapy is a promising approach to fighting cancer, but Yeo said it does not benefit a large population of patients because they do not have the powerful immune cells needed to combat tumors.




"Pharmacological agents to activate immune cells can directly be given to tumors," Yeo said. "Then the immune system can fight not only the treated tumors but also nontreated tumors in distant locations as the activated immune cells circulate in the bloodstream."

However, Yeo said most tumors with poor prognoses are not always locatable or accessible. Therefore, they may not be effectively treated by local therapy. She and her team envisioned systemic delivery of immunotherapy, but there are challenges.

"For successful systemic administration, active ingredients that stimulate anti-tumor immune responses need to be simultaneously present in tumors to exert concerted effects on the target," Yeo said. "The ingredients also must maintain their activity until they reach tumors, but not cause toxic off-target effects. Moreover, the carriers traditionally used in local drug delivery offer limited utility in systemic application because they may not be compatible with blood components."

Yeo and her colleagues used biocompatible polymeric nanoparticles to deliver immunotherapy compounds and modified them to safely activate the immune system.

"We employed poly (lactic-co-glycolic acid), or PLGA, nanoparticles based on the strong track record of the polymer in FDA-approved products and its routine use in the systemic delivery of poorly water-soluble drugs," Yeo said.

Tests verified the ATP-modified PLGA nanoparticles were well tolerated in mice upon multiple systemic injections. They were able to recruit dendritic cells, the immune cells that recognize tumor antigens and bring specialized immune cells to fight off tumors.




"Moreover, the nanoparticles were shown to control the release of paclitaxel to minimize its systemic toxicity," Yeo said.

The next development steps

Yeo and her colleagues will continue their work on the ATP-modified nanoparticles.

"We are currently working on improving the delivery of the nanoparticles to tumors and combining them with other treatments that will circumvent the resistance to the nanoparticle-delivered immunotherapy," Yeo said. "To finance these efforts, we will apply for continued support from the National Institutes of Health. We are also open to industry partnerships to take this technology to the clinic." Yeo and the research team received funding from the National Institutes of Health, the National Center for Advancing Translational Sciences, the Indiana Clinical and Translational Sciences Institute, and the Purdue Institute for Cancer Research.
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Researchers discover a mechanism that could improve platinum-based cancer therapy | ScienceDaily
Researchers have identified a protein that, when targeted, enables cisplatin-resistant cancer cells to become responsive to treatment. Cisplatin, and other similar platinum drugs, are incredibly effective at killing rapidly growing cancer cells, which is why they have been used in treating cancers for over 45 years. However, these drugs are non-targeted and can cause debilitating toxic side effects, resulting in a diminished lifestyle, and patients in poor health are deemed ineligible for use.


						
In a study, published today in Cancer Research, a journal of the American Association for Cancer Research, researchers say they have discovered that the protein puromycin-sensitive aminopeptidase (NPEPPS) plays a role in regulating response to platinum chemotherapy in patients with bladder cancer.

"We found that this protein is a driver in resistance to platinum therapy. If we remove it experimentally or pharmacologically, we can re-sensitize the cancer cells to their pre-resistant level of response," says James Costello, PhD, co-corresponding author and associate professor at the University of Colorado Anschutz Medical Campus.

Costello and co-authors aimed to understand why most bladder cancer patients do not respond well to platinum-based drug regimens. By identifying the role NPEPPS plays, researchers were then able to genetically disrupt the function of NPEPPS, ultimately making cancer cells more responsive to platinum drugs.

"Our multi-omic assessment, including the use of tiny organoids derived from patients' bladder cancer samples, yielded findings that could make this effective treatment an option for many more patients," said Dan Theodorescu, MD, PhD, director of Cedars-Sinai Cancer, the PHASE ONE Foundation Distinguished Chair at Cedars-Sinai and co-corresponding author of the study.

Theodorescu added that the approach is an example of how precision medicine is leading the change in how cancer is treated by defining cancer vulnerabilities such as NPEPPS that can be targeted with small molecules and used in combination with cisplatin. Indeed, the Theodorescu and Costello laboratories are doing just that.

"This novel therapeutic approach could allow the administration of lower platinum drug doses, potentially decreasing debilitating side effects while also making platinum-based therapies more effective," says Costello, also with the CU Cancer Center. He points to next steps in utilizing this new approach in hopes of expanding its use to other cancers.

"A high percentage of all cancer patients will see a platinum drug in their treatment. Our work opens the door for extending these findings to other cancer types. Our goal is to help platinum-based agents be more effective in many clinical settings."
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The serious side of kid and canine play | ScienceDaily
With two-thirds of children in the U.S. failing to meet national physical activity guidelines, kinesiologists at the University of Massachusetts Amherst have been looking at the impact of the family dog on the exercise habits of kids.


						
Could having a canine best friend get kids on their feet and help bring them more in line with the minimum recommendation of 60 minutes of moderate to vigorous physical activity every day?

A preliminary UMass Amherst study in 2022, reported in a recent issue of the Journal for the Measurement of Physical Behaviour, tested and validated a new approach for measuring dog-facilitated physical activity among kids.

The study, involving 12 children, found that about 20% of their daily physical activity came from time in close proximity with the family dog. Now a larger study, aimed at including a more diverse population, is underway.

The UMass Behavioral Medicine Lab, directed by exercise scientist Katie Potter, studies ways to help people become more active, with a current focus on children and dogs. An assistant professor of kinesiology in the School of Public Health and Health Sciences, Potter is looking for families with kids and one or more dogs to wear ActiGraph accelerometers, with a Bluetooth feature that measures proximity, as they go about their routine life.

This time, there is an option for participants to complete the weeklong study remotely, allowing families outside of Western Massachusetts to take part.

"There are so many ways we might leverage the human-dog bond to promote physical activity in kids, but first we need to understand how much physical activity dog-owning kids get with their dogs," Potter says.




Interested families can fill out a screening survey to see if they qualify to participate. The study will include children between 7 and 10 years old, and a dog who has been with the family at least six months.

"Our preliminary study was the first time that this type of research had been done specifically quantifying physical activity with the dog and the kid in proximity together," says Colleen Chase, lead author of the recent paper and a doctoral student in Potter's lab. "We're interested in replicating that study to see whether that 20% value holds at a significant sample size of participants."

Research has shown that children get more exercise when it is enjoyable, motivational and involves social interaction. "If a child has a dog and is bonded with the dog, that's going to lead to greater enjoyment of whatever activity they are partaking in. And having a dog is a form of social support," says Chase, who is leading this research study as part of her doctoral dissertation. "So, we see the way this lines up nicely with what other studies have shown is going to promote kids being more active."

Chase says if the research continues to show that dogs have a positive impact on the physical activity of children, researchers can look for ways to involve kids who don't have a family dog. "There's a financial and time burden associated with pet ownership, and we acknowledge that," Chase says.

She could envision dog-walking programs in animal shelters or after-school programs involving dog play to expand access to the benefits of hanging out with a dog.

"This is a pretty concerning issue in the United States right now," Chase says of physical inactivity among kids. "That's why we're trying to get creative with methods to address this. It's a very wholesome line of research. You know, we're working with kids. We're working with dogs. But we do have these larger, significant health problems that we are working to address through this research."
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Couples with similar drinking habits may live longer | ScienceDaily
The couple that drinks together might live longer together, too, says a University of Michigan researcher.


						
In a recent study published in The Gerontologist, Kira Birditt, research professor at the U-M Institute for Social Resarch's Survey Research Center, found that couples who are concordant in their drinking behavior (that is, both members drink alcohol) tend to live longer.

She says a theory in alcohol literature called "the drinking partnership," where couples who have similar patterns of alcohol use tend to have better marital outcomes (such as less conflict and longer marriages), was the inspiration behind the study.

Although a great deal of research has examined the implications of couples' drinking patterns for marital outcomes, the implications for health are less clear. Behaviors that are good for marriage are not necessarily good for health, Birditt says.

"The purpose of this study was to look at alcohol use in couples in the Health and Retirement Study and the implications for mortality," she said. "And we found, interestingly, that couples in which both indicated drinking alcohol in the last three months lived longer than the other couples that either both indicated not drinking or had discordant drinking patterns in which one drank and the other did not."

And while it may sound like that's a recommendation to drink more with your spouse, Birditt cautions against that reading.

The study specifically looked at drinking patterns and defined "drinking" very broadly, examining whether or not a participant had had a drink within the last three months. However, it may suggest the importance of remembering how spouses can impact each other's health. Drinking concordance among couples may be a reflection of compatibility among partners in their lifestyles, intimacy and relationship satisfaction.




"We've also found in other studies that couples who drink together tend to have better relationship quality, and it might be because it increases intimacy," Birditt said.

That impact might merit further study. Birditt would like to explore further questions related to couples' alcohol consumption and how it affects their relationship.

"We don't know why both partners drinking is associated with better survival. I think using the other techniques that we use in our studies in terms of the daily experiences and ecological momentary assessment questionnaires could really get at that to understand, for example, focusing on concordant drinking couples," she said. "What are their daily lives like? Are they drinking together? What are they doing when they are drinking?

"There is also little information about the daily interpersonal processes that account for these links. Future research should assess the implications of couple drinking patterns for daily marital quality, and daily physical health outcomes."

The Health and Retirement study is a nationally representative study of adults aged 50 and older in the United States. It includes couples who are interviewed every two years. Participants included 4,656 married/cohabiting different-sex couples (9,312 individuals) who completed at least three waves of the HRS from 1996 to 2016.
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Implantable batteries can run on the body's own oxygen | ScienceDaily
From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers in China devised an implantable battery that runs on oxygen in the body. The study, published March 27 in the journal Chem, shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.


						
"When you think about it, oxygen is the source of our life," says corresponding author Xizheng Liu, who specializes in energy materials and devices at Tianjin University of Technology. "If we can leverage the continuous supply of oxygen in the body, battery life won't be limited by the finite materials within conventional batteries."

To build a safe and efficient battery, the researchers made its electrodes out of a sodium-based alloy and nanoporous gold, a material with pores thousands of times smaller than a hair's width. Gold has been known for its compatibility with living systems, and sodium is an essential and ubiquitous element in the human body. The electrodes undergo chemical reactions with oxygen in the body to produce electricity. To protect the battery, the researchers encased it within a porous polymer film that is soft and flexible.

The researchers then implanted the battery under the skin on the backs of rats and measured its electricity output. Two weeks later, they found that the battery can produce stable voltages between 1.3 V and 1.4 V, with a maximum power density of 2.6 mW/cm2. Although the output is insufficient to power medical devices, the design shows that harnessing oxygen in the body for energy is possible.

The team also evaluated inflammatory reactions, metabolic changes, and tissue regeneration around the battery. The rats showed no apparent inflammation. Byproducts from the battery's chemical reactions, including sodium ions, hydroxide ions, and low levels of hydrogen peroxide, were easily metabolized by the body and did not affect the kidneys and liver. The rats healed well after implantation, with the hair on their back completely regrown after four weeks. To the researchers' surprise, blood vessels also regenerated around the battery.

"We were puzzled by the unstable electricity output right after implantation," says Liu. "It turned out we had to give the wound time to heal, for blood vessels to regenerate around the battery and supply oxygen, before the battery could provide stable electricity. This is a surprising and interesting finding because it means that the battery can help monitor wound healing."

Next, the team plans to up the battery's energy delivery by exploring more efficient materials for the electrodes and optimizing the battery structure and design. Liu also noted that the battery is easy to scale up in production and choosing cost-effective materials can further lower the price. The team's battery may also find other purposes beyond powering medical devices.

"Because tumor cells are sensitive to oxygen levels, implanting this oxygen-consuming battery around it may help starve cancers. It's also possible to convert the battery energy to heat to kill cancer cells," says Liu. "From a new energy source to potential biotherapies, the prospects for this battery are exciting."
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Accelerating CAR T cell therapy: Lipid nanoparticles speed up manufacturing | ScienceDaily
Penn Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.


						
For patients with certain types of cancer, CAR T cell therapy has been nothing short of life changing. Developed in part by Carl June, Richard W. Vague Professor at Penn Medicine, and approved by the Food and Drug Administration (FDA) in 2017, CAR T cell therapy mobilizes patients' own immune systems to fight lymphoma and leukemia, among other cancers.

However, the process for manufacturing CAR T cells themselves is time-consuming and costly, requiring multiple steps across days. The state of the art involves extracting patients' T cells, then activating them with tiny magnetic beads, before giving the T cells genetic instructions to make chimeric antigen receptors (CARs), the specialized receptors that help T cells eliminate cancer cells.

Now, Penn Engineers have developed a novel method for manufacturing CAR T cells, one that takes just 24 hours and requires only one step, thanks to the use of lipid nanoparticles (LNPs), the potent delivery vehicles that played a critical role in the Moderna and Pfizer-BioNTech COVID-19 vaccines.

In a new paper in Advanced Materials, Michael J. Mitchell, Associate Professor in Bioengineering, describes the creation of "activating lipid nanoparticles" (aLNPs), which can activate T cells and deliver the genetic instructions for CARs in a single step, greatly simplifying the CAR T cell manufacturing process. "We wanted to combine these two extremely promising areas of research," says Ann Metzloff, a doctoral student and NSF Graduate Research Fellow in the Mitchell lab and the paper's lead author. "How could we apply lipid nanoparticles to CAR T cell therapy?"

In some ways, T cells function like a military reserve unit: in times of health, they remain inactive, but when they detect pathogens, they mobilize, rapidly expanding their numbers before turning to face the threat. Cancer poses a unique challenge to this defense strategy. Since cancer cells are the body's own, T cells don't automatically treat cancer as dangerous, hence the need to first "activate" T cells and deliver cancer-detecting CARs in CAR T cell therapy.

Until now, the most efficient means of activating T cells has been to extract them from a patient's bloodstream and then mix those cells with magnetic beads attached to specific antibodies -- molecules that provoke an immune response. "The beads are expensive," says Metzloff. "They also need to be removed with a magnet before you can clinically administer the T cells. However, in doing so, you actually lose a lot of the T cells, too."

Made primarily of lipids, the same water-repellent molecules that constitute household cooking fats like butter and olive oil, lipid nanoparticles have proven tremendously effective at delivering delicate molecular payloads. Their capsule-like shape can enclose and protect mRNA, which provides instructions for cells to manufacture proteins. Due to the widespread use of the COVID-19 vaccines, says Metzloff, "The safety and efficacy of lipid nanoparticles has been shown in billions of people around the world."




To incorporate LNPs into the production of CAR T cells, Metzloff and Mitchell wondered if it might be possible to attach the activating antibodies used on the magnetic beads directly to the surface of the LNPs. Employing LNPs this way, they thought, might make it possible to eliminate the need for activating beads in the production process altogether. "This is novel," says Metzloff, "because we're using lipid nanoparticles not just to deliver mRNA encoding CARs, but also to initiate an advantageous activation state."

Over the course of two years, Metzloff carefully optimized the design of the aLNPs. One of the primary challenges was to find the right ratio of one antibody to another. "There were a lot of choices to make," Metzloff recalls, "since this hadn't been done before."

By attaching the antibodies directly to LNPs, the researchers were able to reduce the number of steps involved in the process of manufacturing CAR T cells from three to one, and to halve the time required, from 48 hours to just 24 hours. "This will hopefully have a transformative effect on the process for manufacturing CAR T cells," says Mitchell. "It currently takes so much time to make them, and thus they are not accessible to many patients around the world who need them."

CAR T cells manufactured using aLNPs have yet to be tested in humans, but in mouse models, CAR T cells created using the process described in the paper had a significant effect on leukemia, reducing the size of tumors, thereby demonstrating the feasibility of the technology.

Metzloff also sees additional potential for aLNPs. "I think aLNPs could be explored more broadly as a platform to deliver other cargoes to T cells," she says. "We demonstrated in this paper one specific clinical application, but lipid nanoparticles can be used to encapsulate lots of different things: proteins, different types of mRNA. The aLNPs have broad potential utility for T cell cancer therapy as a whole, beyond this one mRNA CAR T cell application that we've shown here."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and is supported by the U.S. National Institutes of Health Director's New Innovator Award (DP2 TR002776), a U.S. National Science Foundation CAREER Award (CBET-2145491), an American Cancer Society Research Scholar Grant (RSG-22-122-01-ET), and a Burroughs Wellcome Fund Career Award at the Scientific Interface. Further support for this paper and the researchers involved came from the Emerson Collective, U.S. National Science Foundation Graduate Research Fellowships, a U.S. National Institutes of Health Ruth L. Kirschstein National Research Service Award (F31CA260922), the National Institute of Dental and Craniofacial Research of the US National Institutes of Health (T90DE030854), the University of Pennsylvania Fontaine Fellowship, the Norman and Selma Kron Research Fellowship, and the Robert Wood Johnson Foundation Health Policy Research Scholars Program. The researchers thank the Human Immunology Core at the University of Pennsylvania (RRID: SCR_022380) for assistance with primary human T cell procurement. The HIC is supported in part by NIH P30 AI045008 and P30 CA016520.
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Old immune systems revitalized in mouse study, improving vaccine response | ScienceDaily
Planes, trains, boats, automobiles and even feet. During the past decades and centuries, global travel and human migration have made all of us more worldly -- from our broadening awareness of the world beyond our birthplaces, to our more sophisticated palates, to our immune systems that are increasingly challenged by unfamiliar bacteria and viruses.


						
In the elderly, these newly imported pathogens can gain the upper hand frighteningly quickly. Unfortunately, however, vaccination in this age group isn't as effective as it is in younger people.

Now a study conducted in mice by Stanford Medicine and the National Institute of Health's Rocky Mountain Laboratories provides tantalizing evidence that it may one day be possible to rev up an elderly immune system with a one-time treatment that modulates the composition of a type of immune cell.

The treatment significantly improved the ability of geriatric animals' immune systems to tackle a new virus head on, as well as to respond vigorously to vaccination -- enabling them to fight off a new threat months later.

"This is a real paradigm shift -- researchers and clinicians should think in a new way about the immune system and aging," said postdoctoral scholar Jason Ross, MD, PhD. "The idea that it's possible to tune the entire immune system of millions of cells simply by affecting the function of such a rare population is surprising and exciting."

Ross and Lara Myers, PhD, a research fellow at Rocky Mountain Laboratories, are the lead authors of the study, which will be published March 27 in Nature. Irving Weissman, MD, professor of pathology and of developmental biology, and Kim Hasenkrug, PhD, the chief of Rocky Mountain Laboratories' Retroviral Immunology Section, are the senior authors of the research.

A shift in the immune system

The targeted cells are a subset of what's known as hematopoietic stem cells, or HSCs. HSCs are the granddaddies of the immune system, giving rise to all the other types of blood and immune cells including B and T cells, which are collectively known as lymphocytes. As we age, our HSCs begin to favor the production of other immune cells called myeloid cells over lymphocytes. This shift hampers our ability to fully react to new viral or bacterial threats and makes our response to vaccination much less robust than that of younger people.




"Older people just don't make many new B and T cell lymphocytes," said Weissman, who is the Virginia and D.K. Ludwig Professor in Clinical Investigation in Cancer Research. "During the start of the COVID-19 pandemic it quickly became clear that older people were dying in larger numbers than younger people. This trend continued even after vaccinations became available. If we can revitalize the aging human immune system like we did in mice, it could be lifesaving when the next global pathogen arises."

Weissman was the first to isolate HSCs in mice and humans in the late 1980s. In the years since, he and his colleagues have investigated the molecular minutiae of these cells, painstakingly tracing the complicated relationships among the scores of cell types that arise in their wake.

Some of these descendants make up what's known as the adaptive immune system: highly specialized B and T lymphocytes that each recognize just one particular three-dimensional structure -- perhaps a pointy bit here or a telltale knobby clump there -- that betrays an invading virus or bacteria. Like trained assassins once they spot their mark, B lymphocytes churn out antibodies that latch onto the telltale structures and target infected or foreign cells for destruction, while various subtypes of T lymphocytes either demolish infected cells or raise a hue and cry to summon other immune cells to finish off the enemy.

The specificity of the B and T lymphocytes allows the immune system to have memory; once you've been exposed to a specific invader, the body reacts swiftly and decisively if that same pathogen is seen again. This is the basic concept behind vaccination -- trigger an initial response to a harmless mimic of a dangerous bacteria or virus. In response, the lymphocytes that recognize the invader not only give rise to cells that eliminate the infection but also generate long-lived memory B and T cells that, in some cases, can last a lifetime. Thus, the system is primed when the threat becomes real.

Another key part of our immune system is called innate immunity, and it's much less discriminating. In the blood, it's run by a class of cells called myeloid cells. Like school janitors, these cells scour the body, gobbling up any unfamiliar cells or bits of detritus. They also trigger inflammatory responses, which recruit other cells and chemicals to infected sites. Inflammation helps the body protect itself against invaders, but it can be a major problem when triggered inappropriately or overenthusiastically, and aging has been linked to chronic inflammation in humans.

An evolutionary disadvantage

Ross and Weissman knew from previous research that during aging, the number of HSCs that make balanced proportions of lymphocytes and myeloid cells decline, while those that are myeloid-biased increase their numbers. This favors the production of myeloid cells. Early in human history, when people rarely left their birthplace and lived shorter lives, this gradual change probably had no consequences (it may even have been favorable) because people were likely to encounter all their surrounding pathogens by young adulthood and be protected by their memory lymphocytes. But now it's distinctly disadvantageous.




The researchers wondered if they could tilt the balance back toward a younger immune system by depleting myeloid-leaning HSCs and allowing the more balanced HSCs to replace them. Their hunch was correct. Mice between 18 and 24 months old (doddering in the mouse world) that were treated with an antibody targeting the myeloid-leaning HSCs for destruction had more of the balanced HSCs -- and more new, naive B and T lymphocytes -- than their untreated peers even several weeks later.

"These new, naive lymphocytes provide better immune coverage for novel infections like those humans increasingly encounter as our world becomes more global," Weissman said. "Without this renewal, these new infectious agents would not be recognized by the existing pool of memory lymphocytes."

The treatment also reduced some negative outcomes like inflammation that can arise when an elderly immune system grapples with a new pathogen.

"Not only did we see a shift toward cells involved in adaptive immunity, but we also observed a dampening in the levels of inflammatory proteins in the treated animals," Ross said. "We were surprised that a single course of treatment had such a long-lasting effect. The difference between the treated and untreated animals remained dramatic even two months later."

When the treated animals were vaccinated eight weeks later against a virus they hadn't encountered before, their immune systems responded more vigorously than untreated animals', and they were significantly better able to resist infection by that virus. (In contrast, young mice used as controls passed all the challenges with flying colors.)

"Every feature of an aging immune system -- functional markers on the cells, the prevalence of inflammatory proteins, the response to vaccination and the ability to resist a lethal infection -- was impacted by this single course of treatment targeting just one cell type," Ross said.

Finally, the researchers showed that mouse and human myeloid-biased HSCs are similar enough that it may one day be possible to use a similar technique to revitalize aging human immune systems, perhaps making a person less vulnerable to novel infections and improving their response to vaccination.

"We believe that this study represents the first steps in applying this strategy in humans," Ross said.

The study also has interesting implications for stem cell biology and the way HSCs rely on biological niches, or specific neighborhoods of cells, for their longevity and function throughout our lives.

"Most people in immunology have believed that you lose these kinds of tissue-specific stem cells as you grow older," Weissman said. "But that is completely wrong. The problems arise when you start to favor one type of HSC over another. And we've shown in mice that this can be reversed. This finding changes how we think about stem cells during every stage of aging."

The study was funded by the National Institutes of Health (grants R35CA220434, R01DK115600 and R01AI143889), the Virginia and D.K. Ludwig Fund for Cancer Research, the RSNA Resident/Fellow Research Grant, a Stanford Cancer Institute Fellowship grant, and the Ellie Guardino Research Fund.
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Memory self-test via smartphone can identify early signs of Alzheimer's disease | ScienceDaily
Dedicated memory tests on smartphones enable the detection of "mild cognitive impairment," a condition that may indicate Alzheimer's disease, with high accuracy. Researchers from DZNE, the Otto-von-Guericke University Magdeburg and the University of Wisconsin-Madison in the United States who collaborated with the Magdeburg-based company "neotiv" report these findings in the scientific journal npj Digital Medicine. Their study is based on data from 199 older adults. The results underline the potential of mobile apps for Alzheimer's disease research, clinical trials and routine medical care. The app that has been evaluated is now being offered to medical doctors to support the early detection of memory problems.


						
Memory problems are a key symptom of Alzheimer's disease. Not surprisingly, their severity and progression play a central role in the diagnosis of Alzheimer's disease and also in Alzheimer's research. In current clinical practice, memory assessment is performed under the guidance of a medical professional. The individuals being tested have to complete standardized tasks in writing or in conversation: for example, remembering and repeating words, spontaneously naming as many terms as possible on a certain topic or drawing geometric figures according to instructions. All these tests necessarily require professional supervision, otherwise the results are not conclusive. Thus, these tests cannot be completed alone, for example at home.

Prof. Emrah Duzel, a senior neuroscientist at DZNE's Magdeburg site and at University Magdeburg as well as entrepreneur in medical technology, advocates a new approach: "It has advantages if you can carry out such tests on your own and only have to visit the doctor's office to evaluate the results. Just as we know it from a long-term ECG, for example. Unsupervised testing would help to detect clinically relevant memory impairment at an earlier stage and track disease progression more closely than is currently possible. In view of recent developments in Alzheimer's therapy and new treatment options, early diagnosis is becoming increasingly important."

Comparison between remote at-home and supervised in-clinic testing

In addition to his involvement in dementia research, Duzel is also "Chief Medical Officer" of "neotiv," a Magdeburg-based start-up with which the DZNE has been cooperating for several years. The company has developed an app with which memory tests can be carried out autonomously with no need for professional supervision. The software runs on smartphones and tablets, and has been scientifically validated; it is used in Alzheimer's disease research and is now also offered as a digital tool for medical doctors to support the detection of mild cognitive impairment (MCI). Although MCI has little impact on the affected individuals daily living, they have nevertheless an increased risk of developing Alzheimer's dementia within a few years.

Dr. David Berron, research group leader at DZNE and also co-founder of neotiv explains: "As part of the validation process, we applied these novel remote and unsupervised assessments as well as an established in-clinic neuropsychological test battery. We found that the novel method is comparable to in-clinic assessments and detects mild cognitive impairment, also known as MCI, with high accuracy. This technology has enormous potential to provide clinicians with information that they cannot obtain during a patient vist to the clinic." These findings have now been published in the scientific journal npj Digital Medicine.

Participants from Germany and the USA

A total of 199 women and men over the age of 60 participated in the current study. They were located either in Germany or the USA and were each involved in one of two long-term observational studies, both of which address Alzheimer's -- the most common dementia: DZNE's DELCODE study (Longitudinal Cognitive Impairment and Dementia Study) and the WRAP (Wisconsin Registry for Alzheimer's Prevention) study of the University of Wisconsin-Madison. The study sample reflected varying cognitive conditions as they occur in a real world situation: It included individuals who were cognitively healthy, patients with MCI and others with subjectively perceived but not measurable memory problems. The diagnosis was based on established assessments that included e. g. memory and language tasks. In addition, all participants completed multiple memory assessments with the neotiv app over a period of at least six weeks, using their own smartphones or tablets -- and wherever it was convenient for them. "We found that a majority of our WRAP participants were able to complete the unsupervised digital tasks remotely and they were satisfied with the tasks and the digital platform," says Lindsay Clark, PhD, neuropsychologist and lead investigator of the Assessing Memory with Mobile Devices study at the University of Wisconsin-Madison.




Remembering images and detecting differences

"Assessments with the neotiv app are interactive and comprise three types of memory tasks. These address different areas of the brain that can be affected by Alzheimer's disease in different disease stages. Many years of research have gone into this," Duzel explains. Essentially, these tests involve remembering images or recognizing differences between images that are presented by the app. Using a specially developed score, the German-US research team was able to compare the results of the app with the findings of the established in-clinic assessments. "Our study shows that memory complaints can be meaningfully assessed using this digital, remote and unsupervised approach," says Duzel. "If the results from the digital assessment indicate that there is memory impairment typical of MCI, this paves the way for further clinical examinations. If test results indicate that memory is within the age-specific normal range, individuals can be given an all-clear signal for the time being. And for Alzheimer's disease research, this approach provides a digital cognitive assessment tool that can be used in clinical studies -- as is already being done in Germany, the USA, Sweden and other countries."

Outlook

Further studies are in preparation or already underway. The novel memory assessment is to be tested on even larger study groups, and the researchers also intend to investigate whether it can be used to track the progression of Alzheimer's disease over a longer period of time. Berron: "Information about how quickly memory declines over time is important for medical doctors and patients. It is also important for clinical trials as new treatments aim to slow the rate of cognitive decline." The cognitive neuroscientist describes the challenges: "To advance such self-tests, a patient's clinical data must be linked to self-tests outside the clinic, in the real-world. This is no easy task, but as our current study shows, we are making progress as a field."
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New testing approach improves detection of rare but emerging Powassan virus spread by deer ticks | ScienceDaily
Researchers at the New England Regional Center of Vector-Borne Diseases at the University of Massachusetts Amherst have come up with a new, more accurate method for detecting in ticks the emerging Powassan virus, which can cause life-threatening neuroinvasive disease, including encephalitis and meningitis.


						
This robust, real-time approach reduces the incidence of false positive test results, the NEWVEC researchers found. The team describes the study in a special issue of the journal Viruses, titled "Tick-borne Viruses: Transmission and Surveillance."

"Powassan has been a growing concern in New England for the past several years and false positives can confound efforts to surveil," says vector-borne disease expert Stephen Rich, professor of microbiology at UMass Amherst and principal investigator and executive director of NEWVEC. "The development of sensitive detection methods for diagnostics and surveillance is critical."

Named after the town in Ontario, Canada, where it was first identified in 1958 in a 5-year-old boy who died from encephalitis, Powassan virus is a flavivirus related to West Nile and other mosquito-borne viruses.

Though still rare, Powassan virus is drastically increasing in incidence in the U.S., predominantly in the Northeast and Great Lakes region. More than 10% of the record 290 U.S. cases reported in 2022 (compared to only one case per year from 2004 to 2006) resulted in death, and half of the survivors suffered long-term neurological damage. The virus is transmitted to humans primarily by Ixodes scapularis, the same blood-sucking deer ticks that transmit Lyme disease, babesiosis and other tick-borne illnesses.

The team at NEWVEC -- which brings together academic communities, public health practitioners and residents and visitors across the Northeast in an effort to reduce diseases spread by ticks and mosquitoes -- developed a triplex real-time PCR test for the simultaneous and quantitative detection of the Powassan virus and Powassan virus lineage II (deer tick virus) in Ixodes scapularis, or deer ticks. (The prototype Powassan virus is found mostly inIxodes cookei and Ixodes marxi ticks that feed almost exclusively on woodchucks in their burrows and rarely bite humans or human pets.)

The NEWVEC team conducted a tick survey in coastal and offshore Massachusetts, focusing on 13 sites from the highly endemic regions of tick-borne diseases in Cape Cod and Martha's Vineyard. They tested the ticks for Powassan virus, comparing their new triplex PCR method to the standard, commercially available Luminex xMap technology.




"The good news is that ours works as well as the other one. So, in other words, everything that the other one could detect, we could detect," Rich explains. "The great news is that we also overcame the problem of false negatives, which is what happens when a sample is not of sufficient quality that any test would ever be able to detect the virus in it."

The new triplex method accomplishes a reduction in false negatives by using a "clever" quality control. Both tests seek to detect the presence of Powassan virus RNA. "But we also had a paired search for the RNA from the tick, which is present in every tick regardless of whether it has the virus or not," Rich says. "And what that tells us is, if we can amplify tick RNA, then we have some hope of being able to detect the virus RNA. If we don't detect the tick DNA, then we have no hope of being able to detect the virus RNA.

"And before we developed that method, people would be left to wonder -- if they were inquisitive -- whether a negative result meant that the virus wasn't there or that the sample wasn't testable. So, we've ruled out that latter possibility. And now we know with some assurance that when a tick tests negative, it's a true negative. It's not that the sample just isn't good enough."

In the areas surveyed, "We found pockets of high incidence of this virus," Rich says.

Powassan virus was detected at four of six sites in Cape Code and two of seven sites in Martha's Vineyard. Of 819 ticks collected, 33 (4.03%) tested positive for Powassan virus and 752 tested as Powassan negative, using the new triplex method. Thirty-four ticks (4.15%) failed the quality control tick RNA test. That showed that the standard Luminex method underestimated the overall prevalence of Powassan virus because those 34 ticks were found Powassan negative. And only 30 ticks tested positive using the Luminex method, demonstrating that the triplex technique has a higher sensitivity to detect the virus RNA.

Infection rates reached as high as 10.43% at one site in Truro on Cape Cod, and were completely absent at seven other sites. All the ticks that tested positive for the Powassan virus also were positive for the lineage II deer tick virus.

The researchers say they hope this improved triplex PCR test will be useful in transmission studies and as a tool to monitor and prevent Powassan virus infections in Massachusetts and other areas where the virus has been reported.

"Powassan virus is only a threat to people through the bite of tick," Rich says. "That's why these highly accurate and sensitive tests of the tick are so valuable in assessing where and when risk of exposure is highest."
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Study finds high prevalence of hidden brain changes in people with heart disease | ScienceDaily
A new analysis involving over 13,000 people has found changes to blood vessels in the brain that can increase the risk of stroke and dementia are common in people with a range of heart conditions, regardless of whether they have experienced a stroke.


						
The new research, published today in Neurology(r), the medical journal of the American Academy of Neurology, is the most comprehensive systematic review of 'hidden' brain changes in people with a range of heart conditions to date.

Lead author Dr Zien Zhou from The George Institute for Global Health said that identifying these changes could play an important role in choosing treatments for these patients.

"Although people with heart disease are two to three times more likely than the general population to have changes in their brain's vascular system, they're often overlooked, because these patients don't routinely undergo brain imaging unless they have suffered a stroke," he said.

"But it can make them more susceptible to the risk of brain bleeds from medications commonly used to treat or prevent blood clots -- intracranial hemorrhage is a life-threatening complication with no proven treatment and a survival rate of less than 50 percent."

Changes to blood vessels in the brain that can only be detected by brain imaging such as silent brain infarction (SBI) and cerebral small vessel disease (CSVD) are known to occur more commonly in older people or those who have hypertension. While not sufficient to cause obvious neurological symptoms, they can result in subtle neurological deficits and increase the longer-term risk of stroke or dementia.

To determine the prevalence of these hidden or covert cerebrovascular changes in adults with atrial fibrillation, coronary artery disease, heart failure or cardiomyopathy, heart valve disease, and patent foramen ovale (a hole in the heart), George Institute researchers conducted a meta-analysis of 221 observational studies published between 1988 and 2022.




The findings showed that in people with heart disease:
    	approximately one third had any form of SBI
    	a quarter had lacune (small cavities where neural tissue has died after a previous blockage or leakage from small arteries)
    	two-thirds had white matter lesions (damage to the protective coating around nerve fibres)
    	a quarter had evidence of asymptomatic microbleeds in the brain tissue, and
    	over one half had brain atrophy (a shrinking of the brain due to loss of neurons or connections between neurons).

The prevalence of these brain changes was generally the same between those with and without a recent stroke and there were no apparent sex differences in the results.

Dr Zhou said the study also confirmed that heart disease is one of the main causes of these changes that reflect brain 'frailty'.

"While several potential mechanisms of the association between heart disease and hidden cerebrovascular injury have been proposed, the two conditions share common risk factors such as ageing, hypertension, type 2 diabetes, hyperlipidaemia, and smoking," said Dr Zhou.

"It's possible that a gradual decline in cardiac output in some patients with heart disease might affect how much blood is reaching the brain tissue, contributing to vascular changes and cognitive dysfunction in these patients," he added.

"It's also possible that hidden brain changes and cognitive dysfunction are a consequence of tiny blood clots traveling to the brain through the arterial circulation after forming in the heart."

Dr Zhou said that more research was needed to look at the exact causes of these brain changes and the implications for managing these patients.

"We need to know whether performing an additional MRI in those considered for anticoagulation therapy -- which is required for most people with heart disease -- would be cost-effective in terms of preventing unwanted side effects," he said.

"But refining the risks of brain clots and bleeds from anticoagulants and using this information to make the best treatment choice could improve treatment safety for people with heart disease."
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New genetic analysis tool tracks risks tied to CRISPR edits | ScienceDaily
Since its breakthrough development more than a decade ago, CRISPR has revolutionized DNA editing across a broad range of fields. Now scientists are applying the technology's immense potential to human health and disease, targeting new therapies for an array of disorders spanning cancers, blood conditions and diabetes.


						
In some designed treatments, patients are injected with CRISPR-treated cells or with packaged CRISPR components with a goal of repairing diseased cells with precision gene edits. Yet, while CRISPR has shown immense promise as a next-generation therapeutic tool, the technology's edits are still imperfect. CRISPR-based gene therapies can cause unintended but harmful "bystander" edits to parts of the genome, at times leading to new cancers or other diseases.

Next-generation solutions are needed to help scientists unravel the complex biological dynamics behind both on- and off-target CRISPR edits. But the landscape for such novel tools is daunting, since intricate bodily tissues feature thousands of different cell types and CRISPR edits can depend on many different biological pathways.

University of California San Diego researchers have developed a new genetic system to test and analyze the underlying mechanisms of CRISPR-based DNA repair outcomes. As described in Nature Communications, Postdoctoral Scholar Zhiqian Li, Professor Ethan Bier and their colleagues developed a sequence analyzer to help track on- and off-target mutational edits and the ways they are inherited from one generation to the next. Based on a concept proposed by former UC San Diego researcher David Kosman, the Integrated Classifier Pipeline (ICP) tool can reveal specific categories of mutations resulting from CRISPR editing.

Developed in flies and mosquitoes, the ICP provides a "fingerprint" of how genetic material is being inherited, which allows scientists to follow the source of mutational edits and related risks emerging from potentially problematic edits.

"The ICP system can cleanly establish whether a given individual insect has inherited specific genetic components of the CRISPR machinery from either their mothers or fathers since maternal versus paternal transmission result in totally different fingerprints," said Bier, a professor in the UC San Diego School of Biological Sciences.

The ICP can help untangle complex biological issues that arise in determining the mechanisms behind CRISPR. While developed in insects, ICP carries vast potential for human applications.




"There are many parallel applications of ICP for analyzing and following CRISPR editing outcomes in humans following gene therapy or during tumor progression," said study first author Li. "This transformative flexible analysis platform has many possible impactful uses to ensure safe application of cutting-edge next-generation health technologies."

ICP also offers help in tracking inheritance across generations in gene drive systems, which are new technologies designed to spread CRISPR edits in applications such as stopping the transmission of malaria and protecting agricultural crops against pest destruction. For example, researchers could select a single mosquito from the field where a gene-drive test is being conducted and use ICP analysis to determine whether that individual had inherited the genetic construct from its mother or its father, and whether it had inherited a defective element lacking the defining visible markers of that genetic element.

"The CRISPR editing system can be more than 90 percent accurate," said Bier, "but since it edits over and over again it will eventually make a mistake. The bottom line is that the ICP system can give you a very high-resolution picture of what can go wrong."

In addition to Li and Bier, coauthors included Lang You and Anita Hermann. Prior Bier lab member Kosman also made important intellectual contributions to this project.
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Researchers show that introduced tardigrade proteins can slow metabolism in human cells | ScienceDaily
University of Wyoming researchers have gained further insight into how tardigrades survive extreme conditions and shown that proteins from the microscopic creatures expressed in human cells can slow down molecular processes.


						
This makes the tardigrade proteins potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

The new study, published in the journal Protein Science, examines the mechanisms used by tardigrades to enter and exit from suspended animation when faced by environmental stress. Led by Senior Research Scientist Silvia Sanchez-Martinez in the lab of UW Department of Molecular Biology Assistant Professor Thomas Boothby, the research provides additional evidence that tardigrade proteins eventually could be used to make life-saving treatments available to people where refrigeration is not possible -- and enhance storage of cell-based therapies, such as stem cells.

Measuring less than half a millimeter long, tardigrades -- also known as water bears -- can survive being completely dried out; being frozen to just above absolute zero (about minus 458 degrees Fahrenheit, when all molecular motion stops); heated to more than 300 degrees Fahrenheit; irradiated several thousand times beyond what a human could withstand; and even survive the vacuum of outer space.

They survive by entering a state of suspended animation called biostasis, using proteins that form gels inside of cells and slow down life processes, according to the new UW-led research. Co-authors of the study are from institutions including the University of Bristol in the United Kingdom, Washington University in St. Louis, the University of California-Merced, the University of Bologna in Italy and the University of Amsterdam in the Netherlands.

Sanchez-Martinez, who came from the Howard Hughes Medical Institute to join Boothby's UW lab, was the lead author of the paper.

"Amazingly, when we introduce these proteins into human cells, they gel and slow down metabolism, just like in tardigrades," Sanchez-Martinez says. "Furthermore, just like tardigrades, when you put human cells that have these proteins into biostasis, they become more resistant to stresses, conferring some of the tardigrades' abilities to the human cells."

Importantly, the research shows that the whole process is reversible: "When the stress is relieved, the tardigrade gels dissolve, and the human cells return to their normal metabolism," Boothby says.




"Our findings provide an avenue for pursuing technologies centered on the induction of biostasis in cells and even whole organisms to slow aging and enhance storage and stability," the researchers concluded.

Previous research by Boothby's team showed that natural and engineered versions of tardigrade proteins can be used to stabilize an important pharmaceutical used to treat people with hemophilia and other conditions without the need for refrigeration.

Tardigrades' ability to survive being dried out has puzzled scientists, as the creatures do so in a manner that appears to differ from a number of other organisms with the ability to enter suspended animation.
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Optimizing electronic health records: Study reveals improvements in departmental productivity | ScienceDaily

The study, led by a team of health care professionals in a family medicine department, embarked on a department-wide EHR optimization initiative in collaboration with IT specialists over a four-month period. Unlike previous efforts that primarily focused on institutional-level successes, this study delved deep into the intricacies of EHR interface development and its impact on clinical workflow.

"There has been a longstanding disconnect between EHR developers and end-users, resulting in interfaces that often fail to capture the intricacies of clinical workflows," said Adam M. Franks, M.D., interim chair of family and community health at the Joan C. Edwards School of Medicine and lead researcher on the study. "Our study aimed to bridge this gap and demonstrate the tangible benefits of collaborative optimization efforts."

The methodology involved an intensive quality improvement process engaging clinicians and clinical staff at all levels. Four categories of optimizations emerged: accommodations (adjustments made by the department to fit EHR workflows); creations (novel workflows developed by IT); discoveries (previously unnoticed workflows within the EHR); and modifications (changes made by IT to existing workflows).

Key findings from the study showed significant improvements in productivity: The optimization efforts led to remarkable enhancements in departmental productivity. Monthly charges increased from 0.74 to 1.28, while payments surged from 0.83 to 1.58. Although monthly visit ratios also increased from 0.65 to 0.98, the change was not statistically significant.

The study also revealed that a significant number of solutions to EHR usability issues were already embedded within the system, emphasizing the need for thorough exploration and understanding of existing workflows.

Finally, accommodation optimizations underscored the necessity for better collaboration between EHR developers and end-users before implementation, highlighting the potential for more user-centric design approaches.

"Our study not only demonstrates the efficacy of departmental collaboration with IT for EHR optimization but also underscores the importance of detailed workflow analysis in enhancing productivity," Franks said.

The research provides valuable insights for health care institutions aiming to maximize the potential of their EHR systems, with implications for improving patient care, efficiency and overall organizational performance.
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Just ask: Patients in the ER are willing to get a flu shot | ScienceDaily
Simply asking patients to get the flu vaccine, and combining it with helpful video and print messages, is enough to persuade many who visit emergency departments to roll up their sleeves, according to a new study led by UC San Francisco.


						
Researchers found a 32% vaccine uptake in patients who were asked if they'd be interested in getting the flu shot and told their health providers would be informed. They saw a 41% uptake for those who were asked about receiving a flu shot and received a pamphlet, watched a three-minute video of a physician with a similar ethnic background discussing the vaccine and were told about the benefits of the vaccine.

The study published March 26, 2024 in NEJM Evidence.

The researchers say this type of systematic approach could lead to more underserved people receiving vaccines, especially those whose primary health care occurs in emergency departments.

Flu can be fatal 

Flu leads to considerable mortality in the United States -- annual death rates are typically in the tens of thousands, especially when combined with pneumonia -- but vaccination is particularly low among underserved populations and those whose primary care occurs in emergency departments. Such patients often face general vaccine hesitancy or a lack of opportunities for the flu shot.

"This research arose from our desire to address the health disparities that we see every day in our emergency department, especially among homeless persons, the uninsured and immigrant populations," said first author, Robert M. Rodriguez, MD, a professor of Emergency Medicine with the UCSF School of Medicine.

Investigators in the study created flu vaccine messaging -- including a brief video, flyer and a scripted health provider question, "Would you be willing to accept the influenza vaccine?" -- and assessed their effectiveness among nearly 800 patients in five cities: San Francisco, Houston, Philadelphia, Seattle and Durham, North Carolina. The median age was 46. More than half the participants in the trial were Black or Latino, 16 % lacked health insurance, nearly a third had no primary care and 9% were homeless or living in severely inadequate housing. These demographic characteristics are similar to patient populations often served by urban emergency departments.

The researchers designed the clinical trial to span a single flu season between Oct. 2022 and Feb. 2023.

"Overall, our study adds to the growing body of knowledge showing that a number of important public health interventions can and should be delivered to underserved populations in emergency departments," said Rodriguez, whose previous research has found the effectiveness of delivering similar COVID-19 vaccine messaging to emergency department patients.
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Researchers identify protein sensor that plays a role in lung fibrosis | ScienceDaily
Researchers at Weill Cornell Medicine have discovered a protein called SEL1L that plays a critical role in clearing collagen from tissue, and which may be a therapeutic target to help prevent fibrosis, scar tissue that interferes with organ function. The paper, published on Feb. 20 in Nature Communications, provides clues that could lead to drug development for diseases like lung fibrosis which have no therapeutic options currently.


						
Corresponding author, Dr. Michael J. Podolsky, assistant professor of medicine at Weill Cornell Medicine, has led a team that searched the human genome for genes involved in the process that triggers specialized cells to engulf and digest excess collagen from tissue. Cells called fibroblasts and macrophages pick up collagen fragments for degradation in lysosomes, the trash compactors of cells.

Normal lungs continuously synthesize collagen and degrade excess collagen, keeping the two processes precisely balanced to maintain healthy tissue architecture. Even when lungs are injured and the body responds by increasing the rate of collagen production, simultaneously collagen degradation is increased to prevent the formation of permanent scar tissue. However, when the two processes are uncoupled, the result is disease. In pulmonary fibrosis, for instance, collagen degradation does not keep pace with collagen production, resulting in an excess accumulation.

The researchers discovered a mechanism that cells use to detect collagen production internally and regulate clearance of excess collagen in tissues. The protein SEL1L acts as a sensor that responds to collagen production by triggering another protein called MRC2 which is involved in the uptake and disposal of collagen.

This study suggests that a defective collagen clearing pathway based on MRC2 is a key part of the imbalance in fibrotic disease. The data show when SEL1L is overproduced in cells, it leads to increased MRC2 production and thereby prevents the accumulation of collagen. This pathway could eventually be therapeutically targeted to drive increased clearance of collagen to improve fibrosis when it is impaired. Next, Dr. Podolsky, who is also an attending physician at NewYork Presbyterian/Weill Cornell Medical Center, plans to investigate how SEL1L is impaired in fibrotic human lungs. The lab is also exploring the molecular consequences of when MRC2 is inadequately triggered in pulmonary fibrosis.

This research was supported in part by the National Institutes of Health grant K08 HL145015 and a Grant-in-aid from The Stony Wold-Herbert Fund.
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Researchers a step closer to a cure for HIV | ScienceDaily
By 2030, the World Health Organization (WHO), the Global Fund and UNAIDS are hoping to end the human immunodeficiency virus (HIV) and AIDS epidemic. An international team of researchers led by Eric Arts, professor at the Schulich School of Medicine & Dentistry, and Jamie Mann, senior lecturer at the University of Bristol (U.K.), has brought us another step closer to meeting this goal, by finding an effective and affordable targeted treatment strategy for an HIV cure.


						
In a first, the study published in the journal Emerging Microbes and Infections demonstrated the team's patented therapeutic candidate, an HIV-virus-like-particle (HLP), is 100 times more effective than other candidate HIV cure therapeutics for people living with chronic HIV on combined antiretroviral therapy (cART). If successful in clinical trials, HLP could be used by millions of people living around the world to free them of HIV. This study was done using blood samples from people living with chronic HIV.

HLPs are dead HIV particles hosting a comprehensive set of HIV proteins that increase immune responses without infecting a person. When compared with other potential cure approaches, HLP is an affordable biotherapeutic and can be administered by intramuscular injection -- similar to the seasonal flu vaccine.

"The development of this HIV cure was ten years in the making but with strong support from our collaborators in the U.S., Canada and Uganda, we have observed a striking ability of HLP to drive out the last remnants of HIV-1, which we hope will provide an affordable cure for all," said Arts, who is a Canada Research Chair in HIV Pathogenesis and Viral Control. "To live HIV-free is a goal for the 39 million infected. It is also the priority of the UN and WHO to end the HIV pandemic by 2030."

HIV is a retrovirus that attacks the body's immune system and if left untreated, can lead to acquired immunodeficiency syndrome (AIDS). The virus weakens a person's immune system by destroying CD4-T white blood cells, which are tasked with helping the immune system fight infections. Approximately 95 per cent of people living with HIV have chronic HIV -- where the virus is slowly causing a slow destruction of the patients' immune systems when they initiated lifelong cART.

While cART is effective at treating HIV, it has been unable to completely eliminate the virus from the body. This is because of the virus' ability to create a "latent reservoir" -- where it hides dormant inside of cells, safe from detection. Using blood samples from 32 participants living with chronic HIV from the U.S., Uganda and Canada, who were on stable cART for a median of approximately 13 years, researchers found that HLP was able to specifically target just the immune cells containing latent HIV reservoir and purge these cells of their HIV, a critical step towards an HIV-1 cure. An HIV cure is typically described as therapy and approach that eliminates all HIV without the need of continuous antiretroviral therapy.

"Over time, the virus grows more diverse within a single individual that is not on treatment which makes it more difficult to target," said co-lead author Ryan Ho, master's student in the department of microbiology and immunology. "This formulation we've crafted covers the theoretical diversity so it can reach the HIV-1 in all those people living with HIV."

Minh Ha Ngo, lead author and postdoctoral scholar in the department of microbiology and immunology, says one concern expressed among people living with HIV for years is that continued use of cART could lead to the virus becoming unreachable and unable to be eliminated. The results of this study, by contrast, demonstrate that combining HLP with cART is still able to trigger the latent reservoir, even in chronic cases. If these dormant latent reservoirs can be awakened, then they can be eliminated from the body.




"Owing to its high mutation rate, HIV exhibits remarkable genetic diversity, resulting in different viral subtypes; some of which predominate in particular regions of the globe," said Mann. "We were excited to see preliminary evidence that our HLP cure therapy reverses latency irrespective of the subtype of the individual's infection. Whilst this needs to be explored further, it hints at the global applicability of our approach."

In the future, researchers plan to test HLP on a larger representative HIV cohort with subtype C infections, which includes people living in South Africa, Ethiopia, Vietnam and India. This would help determine if the treatment strategy is effective for most people living with acute and chronic HIV.

Current studies involve confirming a lack of toxicity in preparation for human clinical trials.

These studies will be made possible with the advanced Pathogen Research Centre at Schulich Medicine & Dentistry. This study was conducted in collaboration with University of Bristol, University of Toronto, Case Western Reserve University, Rakai Health Sciences Program, Johns Hopkins University School of Medicine and the U.S. National Institutes of Health.

The study was funded by the American Foundation for AIDS Research, and by the Canadian Institutes of Health Research, U.S. National Institute of Allergy and Infectious Diseases; part of the National Institutes of Health, and the Canada Research Chairs Program.
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Beethoven's genes reveal low predisposition for beat synchronization | ScienceDaily
Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a Current Biologystudy co-authored by Vanderbilt University Medical Center (VUMC) and theMax Planck Institutes for Empirical Aesthetics in Frankfurt am Main, Germany, and for Psycholinguistics in Nijmegen, the Netherlands.


						
The question of to what extent are exceptional human achievements influenced by genetic factors dates back to the early days of human genetics but seems to be easier to address today as modern molecular methods make it possible to analyze DNA of individuals throughout history.

An international team of researchers analyzed Beethoven's DNA to investigate his genetic musical predisposition, an ability closely related to musicality, by using sequences from a 2023 study in which the composer's genetic material was extracted from strands of his hair.

"For Beethoven, we used his recently sequenced DNA to calculate a polygenic score as an indicator for his genetic predisposition for beat synchronization," said Tara Henechowicz, B.Mus.Hons, M.A., a current PhD Candidate at the University of Toronto, recent visiting graduate student with the Vanderbilt Human Genetics Program, and the paper's second author.

"Interestingly, Beethoven, one of the most celebrated musicians in history, had an unremarkable polygenic score for general musicality compared to population samples from the Karolinska Institute in Sweden and Vanderbilt's BioVU Repository," she said.

The authors noted that it would be wrong to conclude from Beethoven's low polygenic score that his musical abilities were unexceptional.

"Our aim was to use this as an example of the challenges of making genetic predictions for an individual who lived over 200 years ago," Henechowicz said.




"The mismatch between the DNA-based prediction and Beethoven's musical genius provides a valuable teaching moment, because it demonstrates that DNA tests cannot give us a definitive answer about whether a given child will end up being musically gifted."

Henechowicz said the study does not discount that DNA contributes to people's musical skills, noting that prior studies have found an average heritability, which is the proportion of individual differences explained by all genetic factors, of 42% for musicality.

"In the current era of 'big data' such as Vanderbilt's BioVU repository, we have had the opportunity to look in fine detail at large groups of people to uncover the genetic underpinnings of traits such as rhythm ability or being musically active. The current study and other recent work also suggest that environment plays a key role in musical ability and engagement as well," said co-author Reyna Gordon, PhD, associate professor of Otolaryngology at VUMC and graduate co-advisor to Henechowicz.

"Polygenic scores are intended to work well for comparisons of large groups of people to tell us how genetic risk for one trait relates to the genetics involved in other traits," Henechowicz said.
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Genetically engineered dendritic cells enhance the power of immunotherapy against lung cancer | ScienceDaily
A study by researchers at the UCLA Health Jonsson Comprehensive Cancer Center suggests that injecting engineered dendritic cells directly into cancerous lung tumors can help promote a stronger immune response, causing more T cells to become active and attack the cancer more effectively. When tested in mice with non-small cell lung cancer, the team discovered that combining this therapy with immune checkpoint blockade, a type of immunotherapy, made the treatment even more effective.


						
Immune checkpoint blockade has been revolutionary for treating patients with non-small cell lung cancer. However, the majority of patients with lung cancer do not benefit from the treatment, and many experience disease progression after an initial response. This can occur because the immune system doesn't recognize the tumor as a threat or the environment around the tumor suppresses the immune response. Scientists have found that certain molecules called chemokines, specifically CXCL9 and CXCL10, play a crucial role in attracting immune cells, particularly activated T cells, to the tumor site. When these molecules are present in high amounts, they can help the immune system fight cancer more effectively.

To help enhance the effectiveness of immune checkpoint blockade, the UCLA team explored an approach called in situ vaccination with gene modified dendritic cells, which involves injecting immune-stimulating, chemokine gene-engineered dendritic cells directly into the tumor, which can boost the body's immune response against cancer.

In this study, scientists genetically modified dendritic cells to produce CXCL9 and CXCL10 to help increase T cell infiltration and activation within the tumor. They then injected the modified dendritic cells directly into the tumors in mouse models of non-small cell lung cancer. They found that this approach increased the number and activity of T cells in the tumor and slowed down tumor growth in these models, even in cases where tumors were resistant to standard immunotherapy. Additionally, they observed that this therapy helped to establish a long-lasting immune response against the cancer. Studies analyzing genetic data from lung cancer patients suggest that the CXCL9/10-DC therapy could be particularly beneficial for patients with certain genetic characteristics associated with resistance to standard-of-care immunotherapy.

The results of the UCLA study suggest that using CXCL9 and CXCL10-producing dendritic cells alongside immunotherapy can be a promising strategy to overcome treatment resistance and improve clinical outcomes for patients with non-small cell lung cancer.
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Developmental crossroads in the brain | ScienceDaily
Brain development is a highly orchestrated process involving numerous parallel and sequential steps. Many of these steps depend on the activation of specific genes. A team led by Christian Mayer at the Max Planck Institute for Biological Intelligence discovered that a protein called MEIS2 plays a crucial role in this process: it activates genes necessary for the formation of inhibitory projection neurons. These neurons are vital for motion control and decision-making. A MEIS2 mutation, known from patients with severe intellectual disability, was found to disrupt these processes. The study provides valuable insights into brain development and consequences of genetic mutations.


						
Nerve cells are a prime example for interwoven family relations. The specialized cells that form the brain come in hundreds of different types, all of which develop from a limited set of generalized progenitor cells -- their immature 'parents'. During development, only a specific set of genes is activated in a single progenitor cell. The precise timing and combination of activated genes decide which developmental path the cell will take. In some cases, apparently identical precursor cells develop into strikingly different neurons. In others, different precursors give rise to the same nerve cell type.

The complexity is mind-blowing and not easy to disentangle in the lab. Christian Mayer and his team set out to do so nevertheless (Diversity research in the brain). Together with colleagues in Munich and Madrid, they now added another puzzle piece to our understanding of neuron development.

Inhibitory cell relations

The scientists studied the formation of inhibitory neurons that produce the neurotransmitter GABA -- cells, which are known to display a broad range of diversity. In the adult brain, inhibitory neurons can act locally, or they can extend long-range axons to remote brain areas. Locally connected "interneurons" are an integral part of the cortical circuit, reciprocally linking cortical neurons. Long-range "projection neurons," on the other hand, primarily populate subcortical regions. They contribute to motivated behavior, reward learning and decision-making. Both types, interneurons and projection neurons, originate in the same area of the developing brain. From here, the newborn neurons migrate to their final locations in the brain.

Using a barcoding approach, Christian Mayer and his team followed the family relationships between precursor cells and young inhibitory neurons. They discovered that a protein called MEIS2 plays an important role when a precursor cell 'decides' whether it should turn into an interneuron or into a projection neuron: MEIS2 assists the cellular machinery to activate the genes that are required for a precursor cell to become a projection neuron.

A protein with a far-reaching impact

To advance this development, MEIS2 works together with another protein, known as DLX5. When MEIS2 is missing or doesn't function correctly, the development of projection neurons is stalled and a larger fraction of precursor cells turns into interneurons instead. However, MEIS2 can't do the job by itself. "Our experiments show that MEIS2 and DLX5 have to come together at the same time, and in the same cells," explains Christian Mayer. "Only the combination of the two will fully activate the genes that drive projection neuron development."




The importance of this process is underscored by previous reports on a MEIS2 variant that was found in patients with intellectual disabilities and a delayed development. Due to a small change in the MEIS2 gene, a slightly different protein is produced. The team around Christian Mayer tested this MEIS2 variant in their experiments and found that it leads to a failure to induce the specific genes needed to form projection neurons. "The inability of MEIS2 to activate the genes essential for the formation of projection neurons may contribute to neurodevelopmental disorders, such as those observed in patients with mutations in the gene encoding this protein," says Christian Mayer.

The complex control by genes

Intrigued by this discovery, the researchers delved into the mechanism by which MEIS2 activates projection neuron specific genes. "Patients with mutations in MEIS2 suffer from a diverse range of effects, like irregularities in digits, impaired lung to brain development, or intellectual disabilities. At a first look, these symptoms have nothing in common," relates Christian Mayer. "This shows, how important it is to understand that genes often have very different roles in different parts of the body."

The genome has millions of non-coding regulatory elements like enhancers, promoters, and insulators. These elements don't actually code for proteins themselves, but they act like switches, controlling when and where genes turn on and off. "Enhancers, which are part of the genome, are like interpreters in the cell. If MEIS2 and DLX5 are present together, a specific set of enhancers becomes active. It is this specific set of enhancers that induces projection neuron genes in the brain. In other parts of the body, MEIS2 interacts with other proteins to induce different sets of enhancers," explains Christian Mayer.

Recent large-scale whole exome sequencing studies in patients have provided a systematic and highly reliable identification of risk genes for neurodevelopmental disorders. Future studies focusing on the molecular interactions between the proteins encoded by these risk genes, such as MEIS2, will pave the way for a comprehensive understanding of the biological mechanisms underlying neurodevelopmental disorders.
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Silicon spikes take out 96% of virus particles | ScienceDaily
An international research team led by RMIT University has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.


						
The surface made of silicon is covered in tiny nanospikes that skewer viruses on contact.

Lab tests with the hPIV-3 virus -- which causes bronchitis, pneumonia and croup -- showed 96% of the viruses were either ripped apart or damaged to the point where they could no longer replicate to cause infection.

These impressive results, featured on the cover of top nanoscience journal ACS Nano, show the material's promise for helping control the transmission of potentially dangerous biological material in laboratories and healthcare environments.

Spike the viruses to kill them 

Corresponding author Dr Natalie Borg, from RMIT's School of Health and Biomedical Sciences, said this seemingly unsophisticated concept of skewering the virus required considerable technical expertise.

"Our virus-killing surface looks like a flat black mirror to the naked eye but actually has tiny spikes designed specifically to kill viruses," she said.




"This material can be incorporated into commonly touched devices and surfaces to prevent viral spread and reduce the use of disinfectants."

The nano spiked surfaces were manufactured at the Melbourne Centre for Nanofabrication, starting with a smooth silicon wafer, which is bombarded with ions to strategically remove material.

The result is a surface full of needles that are 2 nanometers thick -- 30,000 times thinner than a human hair -- and 290 nanometers high.

Specialists in antimicrobial surfaces 

The team led by RMIT Distinguished Professor Elena Ivanova has years of experience studying mechanical methods for controlling pathogenic microorganisms inspired by the world of nature: the wings of insects such as dragonflies or cicadas have a nanoscale spiked structure that can pierce bacteria and fungi.

In this case, however, viruses are an order of magnitude smaller than bacteria so the needles must be correspondingly smaller if they are to have any effect on them.




The process by which viruses lose their infectious ability when they contact the nanostructured surface was analysed in theoretical and practical terms by the research team.

Researchers at Spain's Universitat Rovira i Virgili (URV), Dr Vladimir Baulin and Dr Vassil Tzanov, computer simulated the interactions between the viruses and the needles.

RMIT researchers carried out a practical experimental analysis, exposing the virus to the nanostructured surface and observing the results at RMIT's Microscopy and Microanalysis Facility.

The findings show the spike design to be extremely effective at damaging the virus' external structure and piercing its membranes, incapacitating 96% of viruses that came into contact with the surface within six hours.

Study first author, Samson Mah, who completed the work under an RMIT-CSIRO Masters by Research Scholarship and has now progressed to working on his PhD research with the team, said he was inspired by the practical potential of the research.

"Implementing this cutting-edge technology in high-risk environments like laboratories or healthcare facilities, where exposure to hazardous biological materials is a concern, could significantly bolster containment measures against infectious diseases," he said.

"By doing so, we aim to create safer environments for researchers, healthcare professionals, and patients alike."

The project was a truly interdisciplinary and multi-institutional collaboration carried out over two years, involving researchers from RMIT, URV (Spain), CSIRO, Swinburne University, Monash University and the Kaiteki Institute (Japan).

This study was supported by the ARC Research Hub for Australian Steel Manufacturing and by the ARC Industrial Transformational Training Centre in Surface Engineering for Advanced Materials.
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New treatment target identified for Alzheimer's disease | ScienceDaily
Researchers at the University of Leeds and Lancaster University in the UK have identified a new potential target for the treatment of Alzheimer's disease -- PDE4B.


						
Alzheimer's disease is the leading cause of dementia and disability in old age. As the number of people diagnosed with Alzheimer's disease is on the increase, new treatments are urgently needed to improve the quality of life for people living with the disease.

PDE4B is an enzyme inside cells that breaks down a molecule known as cyclic AMP, which regulates a range of cellular processes. Based on an Australian study that identified the PDE4B gene as a risk factor for developing Alzheimer's disease, the UK team investigated whether reducing PDE4B activity might protect against Alzheimer's disease pathology and be a useful treatment approach. To this end, they introduced a gene for reduced PDE4B activity into an Alzheimer's disease (AD) mouse model that develops amyloid plaques in the brain, a key pathological feature of the disease.

The researchers observed that AD mice showed memory deficits in maze tests, but memory was unimpaired in AD mice with genetically reduced PDE4B activity. Using functional brain imaging, the team found the metabolism of glucose, the main source of energy in the brain, was impaired in AD mice, like that seen in patients with the disease. However, AD mice with genetically reduced PDE4B activity showed healthy levels of glucose metabolism in the brain.

To understand the mechanisms involved, the researchers next looked at gene and protein expression levels in the brain. This identified increased inflammation in the brains of AD mice, like that seen in Alzheimer's disease patients, but inflammation was lower in AD mice with genetically reduced PDE4B activity. Similar effects were seen for a range of other proteins involved in Alzheimer's disease pathology. Overall, these data suggest that reducing PDE4B activity might be a useful approach for the treatment of Alzheimer's disease, although more research is needed to validate the use of drugs that target the enzyme.

Dr Steven Clapcote, the lead researcher, from the University of Leeds, said, "Reducing the activity of the PDE4B enzyme had a profound protective effect on memory and glucose metabolism in the AD mouse model, despite these mice showing no decrease in the number of amyloid plaques in the brain. This raises the prospect that reducing PDE4B activity may protect against cognitive impairment not only in Alzheimer's disease but also in other forms of dementia, such as Huntington's disease."

Dr Neil Dawson, a co-author of the paper, from Lancaster University, echoed these sentiments: "These results offer real hope for the development of new treatments that will benefit patients with Alzheimer's disease in the future. It was intriguing to find that reducing PDE4B activity by just 27% could dramatically rescue memory, brain function and inflammation in the AD mice. The next stage is to test whether PDE4B inhibiting drugs have similar beneficial effects in the AD mouse model, to test their potential efficacy in Alzheimer's disease."

The research was published in the Nature Portfolio journal Neuropsychopharmacology and was supported by the Dunhill Medical Trust, BBSRC, Alzheimer's Research UK, and the Scientific and Technological Research Council of Turkey.
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Macrophages produce heat from brown adipose tissue in response to cold | ScienceDaily
Our bodies can maintain body temperature in cold environments. However, the detailed mechanism remains unclear. Researchers from University of Tsukuba elucidated the molecular mechanism by which macrophages, a type of immune cells, control heat production in brown adipose tissue to increase the body temperature in response to cold.


						
Maintaining body temperature in cold environments is critical for survival. However, the detailed mechanisms remain elusive. The body employs two methods for heat production: shivering-mediated heat production by skeletal muscle and non-shivering thermogenesis by brown adipose tissue. The latter is particularly significant for long-term adaptation to cold.

Recently, researchers investigated the role of the transcription factor MAFB in macrophages -- an immune cell type involved in non-shivering thermogenesis within brown adipose tissue. This tissue can generate heat to increase the body temperature in response to cold, primarily regulated by the sympathetic nervous system. Therefore, the researchers bred Mafb-deficient mice and exposed them to cold conditions, monitoring their body temperature changes. They found that heat production by brown adipose tissue was reduced in Mafb-deficient mice, leading to a decrease in body temperature. Additionally, the density of sympathetic nerve fibers in the brown adipose tissue of Mafb-deficient mice was notably lower than that in wild-type mice. Further analysis revealed that MAFB inhibits the expression of the inflammatory cytokine IL-6, consequently reducing the expression of nerve growth factor in brown adipose tissue and impairing the development of sympathetic nerve fibers. These results suggest that MAFB-mediated regulation of sympathetic nerve fiber density plays a key role in the thermogenic capacity of brown adipose tissue.

These findings contribute to a novel understanding of how body temperature maintenance is associated with macrophages, with potential implications for health preservation in cold climates and obesity treatment through enhanced energy expenditure.

This work was supported by the Ministry of Education and Sports of Japan (MEXT); the Ministry of Education, Culture, Sports, Science and Technology of Japan under grants No. 26221004, 25860205, 23118504, 16K18398, 19K07499, and 19H00966, 23K05586, 19K07499; the Uehara Memorial Foundation; the Takeda Science Foundation; the Takamatsunomiya Cancer Foundation under grant No. 15-24724 (M. Hamada); and the World Premier International Research Center Initiative (WPI), MEXT, Japan.
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Common degenerative brain disease may begin to develop in middle age | ScienceDaily
Lewy body disease is the second most common brain degenerative disease after Alzheimer's disease. Lewy bodies, deposits of alpha-synuclein protein, are found in the brainstem, limbic system and cerebral cortex. Similar tissue changes are also seen in patients clinically diagnosed with Parkinson's disease.


						
Lewy body disease can be difficult to recognise at the beginning of the disease, as it progresses slowly. Symptoms often include movement disturbances, memory problems and psychiatric symptoms.

In their recent study, researchers from the Universities of Helsinki and Tampere investigated for the first time, the occurrence of Lewy body disease markers in young and middle-aged subjects who were not known to suffer from Lewy body or Parkinson's diseases. Previous similar studies have investigated the occurrence of the disease markers in people over 60 years old.

The researchers found that Lewy body disease changes may begin to develop in the brain already in middle age, even if there are no actual symptoms yet.

"Our findings indicate that Lewy body disease may be more common in people over 50 than previously thought. In the study, we found disease changes in nine percent of people over 50 who did not have a clinical diagnosis of Parkinson's disease or Lewy body disease. However, further studies are needed to confirm the results," says Associate Professor Liisa Myllykangas from the University of Helsinki.

Earlier diagnosis means more effective treatment

In their study, the researchers used internationally unique Finnish forensic autopsy data, which consists of approximately 600 people aged 16-95 who died outside hospitals.

Myllykangas says that in the future the treatments developed against degenerative brain diseases will be aimed at patients who are in the early stages of the disease, or are at risk of developing the disease.

"Finding out the prevalence of disease changes in younger age groups is therefore important as this will be the most effective time to start therapies," she comments.

The study has been published in the journal Annals of Neurology.
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xCT protein is key link in inhibiting pancreatic cancer growth and limiting mood disturbances | ScienceDaily
The xCT protein, which plays an important role as a transport molecule in the cell, could play a part in cancer treatment in the future, researchers at VUB have discovered. Their work is the result of a collaboration between the research groups of neuroscientist Ann Massie of the Laboratory of Neuro-Aging & Viro-Immunotherapy and pancreatic cancer expert Ilse Rooman of the Laboratory for Medical and Molecular Oncology. Their recent studies on mice show that targeting the protein can not only reduce tumour growth, it can also help regulate the inflammatory response and improve mood.


						
By genetically removing the protein in mice with pancreatic cancer, the researchers found that as well as reducing the tumour load, it also reduced the inflammatory reaction in the body and brain. In turn, this had a positive impact on the immune system and conditions such as anxiety and depression.

"This research shows that manipulating xCT can go further than simply inhibiting the tumour growth," says Olaya Lara, PhD researcher in the lab of Prof Massie. "It also has beneficial effects on other aspects of the illness, such as mood, which could mean a comprehensive approach to the treatment of pancreatic cancer."

Pancreatic cancer is one of the most malignant forms of cancer, with very low survival rates. The findings from this research offer prospects for further research and clinical studies on people.

The doctoral research by VUB researchers Olaya Lara and Pauline Janssen was published in the journal Brain, Behavior, and Immunity.
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Young adults with migraine, other nontraditional risk factors may have higher stroke risk | ScienceDaily
Adults younger than 35- to 45-years old may have a higher risk of developing a stroke from nontraditional risk factors such as migraines than from traditional risks like high blood pressure. That's according to new research published today in Circulation: Cardiovascular Quality and Outcomes, a peer-reviewed American Heart Association journal.


						
Most strokes are caused by traditional stroke risk factors, such as high blood pressure, high cholesterol, Type 2 diabetes, smoking, obesity, low physical activity, alcohol abuse or coronary heart disease. However, recent data showed an increased incidence of strokes even among young adults without these risk factors, according to the study.

"We wanted to understand which risk factors were the top contributors to stroke risk among young adults," said study lead author Michelle Leppert, M.D., M.S., M.B.A., FAHA, an assistant professor of neurology at the University of Colorado School of Medicine in Aurora, Colorado.

Using an administrative database of health insurance claims reported in Colorado, researchers matched data of more than 2,600 people who had strokes to more than 7,800 people who did not to determine which risk factors may most often lead to strokes.

The analysis found that nontraditional stroke risk factors, such as migraines, blood clotting disorders, kidney failure, autoimmune diseases or malignancy, were significantly associated with the development of strokes in men and women 18- to 44-years old. The association between stroke and nontraditional stroke risk factors was stronger in adults younger than 35 years old.

Results also showed:
    	Among 18- to 34-year-olds, more strokes were associated with nontraditional risk factors (31% in men and about 43% in women) than traditional risk factors (about 25% in men and more than 33% in women).
    	Migraine was the most important nontraditional stroke risk factor among 18- to 34-year-olds, accounting for 20% of strokes in men and nearly 35% in women.
    	The contribution of traditional stroke risk factors peaked among adults aged 35-44 and were associated with nearly 33% of strokes in men and about 40% in women.
    	In the 45-55 age group, nontraditional risk factors accounted for more than 19% of strokes in men and nearly 28% in women.
    	High blood pressure was the most important traditional stroke risk factor among 45- to 55-year-olds, accounting for 28% of strokes in men and about 27% in women.
    	Each additional traditional and nontraditional risk factor was associated with increased risk of stroke in all sex and age groups.

"These findings are significant because most of our attention has been focused on traditional risk factors," Leppert said. "We should not ignore nontraditional stroke risk factors and only focus on traditional risk factors; both are important to the development of strokes among young people.




"In fact, the younger they are at the time of stroke, the more likely their stroke is due to a nontraditional risk factor," she said. "We need to better understand the underlying mechanisms of these nontraditional risk factors to develop targeted interventions."

Researchers were surprised to find that non-traditional risk factors were equally important as traditional risk factors in the development of strokes in young men and women. Leppert added that the large contribution that migraine headaches had in the development of strokes was also unexpected.

"There have been many studies demonstrating the association between migraines and strokes, but to our knowledge, this study may be the first to demonstrate just how much stroke risk may be attributable to migraines," Leppert said.

Study details, background and design:
    	Researchers collected data from 2012-2019 from the Colorado All Payer Claims Database, which mandates the submission of all commercial insurance, Medicaid and Medicare claims.
    	Among the study's stroke cases selected from adults 18- to 55-years old, 52% were among women and more than 73% were ischemic (clot-caused) strokes, which occur when a vessel supplying blood to the brain is obstructed.
    	Individual race and ethnicity, based on insurance reporting, were missing for almost half of all participants.
    	Data for stroke cases and people who did have strokes were matched by sex, age, insurance type and pre-stroke period.
    	Cases were defined as someone admitted to a hospital with a primary diagnosis of ischemic stroke, hemorrhagic (bleeding) stroke or subarachnoid hemorrhage (bleeding in the space surrounding the brain).
    	Nontraditional stroke risk factors were defined as factors that are rarely the cause of stroke in older adults or unique to young adults and included: migraines, malignancy, HIV, hepatitis, thrombophilia (including history of deep vein thrombosis and pulmonary embolism), autoimmune disease, vasculitis, sickle cell disease, heart valve disease and renal failure. Hormonal risk factors, such as oral contraceptive use and pregnancy, were considered separately among women.
    	Traditional stroke risk factors were defined as well-established potential causes for stroke routinely considered for adults ages 65 and older and included: high blood pressure, Type 2 diabetes, high cholesterol, sleep apnea, peripheral artery disease, atrial fibrillation, coronary artery disease, alcohol abuse, substance abuse, tobacco use, obesity and congestive heart failure.

The study had several limitations including its reliance on an administrative database, which could impact how risk factors were noted, and because it lacked data about race and ethnicity for many participants. Also, the research was conducted in metro areas one mile or more above sea level, so altitude may create unique conditions that are not applicable to people living at other altitudes.
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New roadmap to prevent pandemics centers on protecting biodiversity | ScienceDaily
An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.


						
Pandemics begin when disease-harboring animals, such as bats, come in close proximity with people, livestock or other animals and pass on new pathogens. Viruses such as SARS-CoV-2, SARS-CoV-1, Nipah, Hendra and possibly Ebola have all fatally spilled over from bats to humans, sometimes through an intermediate host.

"The world is focused on how can we detect and then contain a novel pathogen once it is circulating in humans, rather than how can we prevent that pathogen from entering the human population in the first place," said Raina Plowright, professor in the Department of Public and Ecosystem Health at Cornell University, and first author of the paper, "Ecological Countermeasures to Prevent Pathogen Spillover and Subsequent Pandemics," published in Nature Communications.

The pandemic-prevention strategy is based on insights from a pair of 2022 papers that serve as a case study applicable to all animals that potentially carry zoonotic diseases. Those papers -- about how bats can spread fatal Hendra virus to horses and people -- explained that when bats lose their natural habitats and winter food sources, their large populations splinter and they migrate in small groups to agricultural and urban areas. They also become stressed, partly due to inadequate food sources, and they shed more virus in their urine. The virus falls to the ground where grazing horses become infected; horses in turn can then infect people. But when natural habitats can provide adequate food, especially in fallow winter months, the bats return to these habitats, aggregate in large numbers, and stop shedding virus.

The roadmap uses this and other case studies to explain the mechanisms linking environmental change and spillover of pathogens from animals to humans, and identifies ecological interventions to disrupt these links and policy frameworks to implement them.

Ecological interventions begin by protecting the places where animals eat. "We need to make sure there's always an abundant supply of food available at all times of year, especially when animals are in stressful life history stages like reproduction and migration," Plowright said.

Next, it's important to protect where animals may roost or aggregate, as tens of thousands of bats can roost in canopies and caves, so when these areas are disturbed, these populations can splinter, move and shed more virus. Also, cave dwelling bats may not have other caves to move to, in which case they stay put, become more stressed and likely shed more virus. Protecting lands that act as buffers between people and wildlife is also key.




"There are trillions of microbes in nature, but we rarely actually get sick, because there are many, many barriers between us and new pathogens," Plowright said.

Lastly, for communities who come in contact with animals, it's important to ensure people have the protection that they need to avoid pathogen exposure, Plowright said.

The study's authors emphasize the need for an international agency or panel that can assess and synthesize data on pandemic prevention, preparedness and response and collect metrics on intactness of landscapes, ecological integrity and biodiversity.

The paper was funded by the Cornell Center for Pandemic Prevention, Preparedness and Response, the National Science Foundation, the Defense Advanced Research Projects Agency, the National Institutes of Health, the Montpellier Advanced Knowledge Institute on Transitions and the National Environment Research Council.
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Large-scale animal study links brain pH changes to wide-ranging cognitive issues | ScienceDaily
A global collaborative research group comprising 131 researchers from 105 laboratories across seven countries announces a groundbreaking research paper submitted to eLife. Titled "Large-scale Animal Model Study Uncovers Altered Brain pH and Lactate Levels as a Transdiagnostic Endophenotype of Neuropsychiatric Disorders Involving Cognitive Impairment," the study identifies brain energy metabolism dysfunction leading to altered pH and lactate levels as common hallmarks in numerous animal models of neuropsychiatric and neurodegenerative disorders, such as intellectual disability, autism spectrum disorders, schizophrenia, bipolar disorder, depressive disorders, and Alzheimer's disease.


						
At the forefront of neuroscience research, the research group sheds light on altered energy metabolism as a key factor in various neuropsychiatric and neurodegenerative disorders. While considered controversial, an elevated lactate level and the resulting decrease in pH is now also proposed as a potential primary component of these diseases. Unlike previous assumptions associating these changes with external factors like medicationa, the research group's previous findings suggest that they may be intrinsic to the disorders. This conclusion was drawn from five animal models of schizophrenia/developmental disorders, bipolar disorder, and autism, which are exempt from such confounding factorsb. However, research on brain pH and lactate levels in animal models of other neuropsychiatric and neurological disorders has been limited. Until now, it was unclear whether such changes in the brain were a common phenomenon. Additionally, the relationship between alterations in brain pH and lactate levels and specific behavioral abnormalities had not been clearly established.

This study, encompassing 109 strains/conditions of mice, rats, and chicks, including animal models related to neuropsychiatric conditions, reveals that changes in brain pH and lactate levels are a common feature in a diverse range of animal models of conditions, including schizophrenia/developmental disorders, bipolar disorder, autism, as well as models of depression, epilepsy, and Alzheimer's disease. This study's significant insights include:

I. Common Phenomenon Across Disorders: About 30% of the 109 types of animal models exhibited significant changes in brain pH and lactate levels, emphasizing the widespread occurrence of energy metabolism changes in the brain across various neuropsychiatric conditions.

II. Environmental Factors as a Cause: Models simulating depression through psychological stress, and those induced to develop diabetes or colitis, which have a high comorbidity risk for depression, showed decreased brain pH and increased lactate levels. Various acquired environmental factors could contribute to these changes.

III. Cognitive Impairment Link: A comprehensive analysis integrating behavioral test data revealed a predominant association between increased brain lactate levels and impaired working memory, illuminating an aspect of cognitive dysfunction.

IV. Confirmation in Independent Cohort: These associations, particularly between higher brain lactate levels and poor working memory performance, were validated in an independent cohort of animal models, reinforcing the initial findings.




V. Autism Spectrum Complexity: Variable responses were noted in autism models, with some showing increased pH and decreased lactate levels, suggesting subpopulations within the autism spectrum with diverse metabolic patterns.

"This is the first and largest systematic study evaluating brain pH and lactate levels across a range of animal models for neuropsychiatric and neurodegenerative disorders. Our findings may lay the groundwork for new approaches to develop the transdiagnostic characterization of different disorders involving cognitive impairment," states Dr. Hideo Hagihara, the study's lead author.

Professor Tsuyoshi Miyakawa, the corresponding author, explains, "This research could be a stepping stone towards identifying shared therapeutic targets in various neuropsychiatric disorders. Future studies will center on uncovering treatment strategies that are effective across diverse animal models with brain pH changes. This could significantly contribute to developing tailored treatments for patient subgroups characterized by specific alterations in brain energy metabolism."

In this paper, the mechanistic insights into the reduction in pH and the increase in lactate levels remain elusive. However, it is known that lactate production increases in response to neural hyperactivity to meet the energy demand, and the authors seem to think this might be the underlying reason.

References

a. Halim ND, Lipska BK, Hyde TM, Deep-Soboslay A, Saylor EM, Herman M, et al (2008). Increased lactate levels and reduced pH in postmortem brains of schizophrenics: medication confounds. Journal of Neuroscience Methods 169(1): 208-213.

b. Hagihara H, Catts VS, Katayama Y, Shoji H, Takagi T, Huang FL, et al (2018). Decreased Brain pH as a Shared Endophenotype of Psychiatric Disorders. Neuropsychopharmacology 43(3): 459-468.
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Crackdown on illicit drugs detects rise in 'designer' drug substitutes | ScienceDaily
As authorities crack down on illicit drugs, University of South Australia experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.


						
In a new study as part of the Australian Criminal Intelligence Commission's National Wastewater Drug Monitoring Program, researchers identified 20 different novel psychoactive substances (NPS) in wastewater treatment plants across Australia (between Feb 22-23) with pentylone detected at every collection site. Other NPS, eutylone and phenibut were also commonly detected.

Pentylone, (street name 'bath salts'), is a highly potent and unpredictable synthetic cathinone, producing similar effects to stimulants such as methamphetamine or MDMA. This group of drugs produces stronger effects that wear off faster, leading to more frequent use.

Users of novel psychoactive substances are at risk due to limited information about the toxicity and unpredictable effects of these compounds.

In 2022 Australia had 1693 drug-induced deaths (64% males and 36% females).

UniSA researcher, Dr Emma Jaunay says any changes to drug levels in wastewater can provide an early warning for NPS circulating in the illicit drug market.

"Novel psychoactive substances are drugs that have been designed to mimic established illicit drugs, such as cannabis, cocaine, MDMA and LSD," Dr Jaunay says.




"These types of drugs are unregulated and untested, and by nature their chemical composition is constantly changing to stay ahead of the law. When they first appear, they're commonly called 'legal highs' because they are not yet classed as controlled or prohibited substances.

"In this study, we tested wastewater from across Australia to determine what type of NPS were being used across the year. Of the 59 different NPS we looked for, 20 were found in wastewater across the study - some occasionally, while others were at every site for multiple collections.

"The most common group of NPS detected were synthetic cathinones, also known as 'bath salts', which mimic the effect of stimulant drugs like MDMA.

"Specifically, we detected an increase of pentylone across Australia, with frequencies rising from 25% in April in 2022 to 100% across all states and territories by December that same year.

"Interestingly, we found pentylone displaced eutylone, which highlights the constantly evolving nature of NPS, and how quickly drug preferences change."

This study is unique in that the sample intentionally avoided special events and holiday periods to determine more typical trends across the year.

"Changes to drug levels present in wastewater can provide early signals about drug use and raise awareness of new drugs with harm potential," Dr Jaunay says.

"Routine monitoring provides valuable insights about illicit drugs and their 'legal' counterparts before overdoses and fatalities occur."
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Revolutionary biomimetic olfactory chips to enable advanced gas sensing and odor detection
        A research team has addressed the long-standing challenge of creating artificial olfactory sensors with arrays of diverse high-performance gas sensors. Their newly developed biomimetic olfactory chips (BOC) are able to integrate nanotube sensor arrays on nanoporous substrates with up to 10,000 individually addressable gas sensors per chip, a configuration that is similar to how olfaction works for humans and other animals.

      

      
        Long-period oscillations control the Sun's differential rotation
        The interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. It turns out, long-period solar oscillations discovered in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler ...

      

      
        Could AI play a role in locating damage to the brain after stroke?
        Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4).

      

      
        Artificial reef designed by MIT engineers could protect marine life, reduce storm damage
        Engineers designed an 'architected' reef that can mimic the wave-buffering effects of natural reefs while providing pockets for marine life. The sustainable and cost-saving structure could dissipate more than 95 percent of incoming wave energy using a small fraction of the material normally needed.

      

      
        Astronomers conduct first search for forming planets with new space telescope
        Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly.

      

      
        Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior
        Astronomers have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

      

      
        Robot, can you say 'cheese'?
        What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?

      

      
        More efficient TVs, screens and lighting
        New multidisciplinary research could lead to more efficient televisions, computer screens and lighting.

      

      
        A solar cell you can bend and soak in water
        Researchers have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.

      

      
        A tiny spot leads to a large advancement in nano-processing, researchers reveal
        Focusing a tailored laser beam through transparent glass can create a tiny spot inside the material. Researchers have reported on a way to use this small spot to improve laser material processing, boosting processing resolution.

      

      
        Heat, cold extremes hold untapped potential for solar and wind energy
        Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy. A study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, al...

      

      
        A new type of cooling for quantum simulators
        Quantum simulators are quantum systems that can be controlled exceptionally well. They can be used to indirectly learn something about other quantum systems, which cannot be experimented on so easily. Therefore, quantum simulators play an important role in unraveling the big questions of quantum physics. However, they are limited by temperature: They only work well, when they are extremely cold. Scientists have now developed a method to cool quantum simulators even more than before: by splitting ...

      

      
        Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole
        A new image from the Event Horizon Telescope (EHT) collaboration has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black hol...

      

      
        Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs'
        Researchers found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago.

      

      
        Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy
        Researchers are enhancing immunotherapy effects against malignant tumors by developing and validating patent-ending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP.

      

      
        Implantable batteries can run on the body's own oxygen
        From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers have devised an implantable battery that runs on oxygen in the body. The study shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.

      

      
        Turbulence within solar transients imaged
        Scientists captured images showing the development of turbulence as a Coronal Mass Ejection (CME) interacted with the ambient solar wind in the circumsolar space.

      

      
        Hidden geometry of learning: Neural networks think alike
        Engineers have uncovered an unexpected pattern in how neural networks -- the systems leading today's AI revolution -- learn, suggesting an answer to one of the most important unanswered questions in AI: why these methods work so well. The result not only illuminates the inner workings of neural networks, but gestures toward the possibility of developing hyper-efficient algorithms that could classify images in a fraction of the time, at a fraction of the cost.

      

      
        Memory self-test via smartphone can identify early signs of Alzheimer's disease
        Dedicated memory tests on smartphones enable the detection of 'mild cognitive impairment', a condition that may indicate Alzheimer's disease, with high accuracy.

      

      
        Sleeping supermassive black holes awakened briefly by shredded stars
        Astronomers have concluded that an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, are not young as previously thought but rather lead relatively short lives.

      

      
        Optimizing electronic health records: Study reveals improvements in departmental productivity
        Researchers identify transformative effects of electronic health record (EHR) optimization on departmental productivity.

      

      
        Bullseye! Accurately centering quantum dots within photonic chips
        Researchers have now developed standards and calibrations for optical microscopes that allow quantum dots to be aligned with the center of a photonic component to within an error of 10 to 20 nanometers (about one-thousandth the thickness of a sheet of paper). Such alignment is critical for chip-scale devices that employ the radiation emitted by quantum dots to store and transmit quantum information.

      

      
        Using 'time travel' to think about technology from the perspective of future generations
        Researchers have conducted a series of participatory deliberation workshops in which the participants were asked to consider issues of future society and manufacturing, in general, and as they relate to hydrothermally produced porous glass. In workshops where the perspective of 'imaginary future generations' was adopted, participants' perceptions of the technology's feasibility and future potentiality changed significantly.

      

      
        New method to measure entropy production on the nanoscale
        Entropy, the amount of molecular disorder, is produced in several systems but cannot be measured directly. A new equation sheds new light on how entropy is produced on a very short time scale in laser excited materials.

      

      
        Silicon spikes take out 96% of virus particles
        An international research team has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.

      

      
        Tiniest 'starquake' ever detected
        An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.

      

      
        Mathematical innovations enable advances in seismic activity detection
        Scientists successfully addressed mathematical challenges in conventional Spectral Matrix analysis, used to analyze three-component seismic signals, by introducing time-delay components. The new technique enables the characterization of various polarized waves and the detection of seismic events that have previously gone unnoticed by conventional methods. These findings pave the way for improving a variety of applications, including earthquake detection.

      

      
        Scientists on the hunt for evidence of quantum gravity's existence at the South Pole
        An Antarctic large-scale experiment is striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.

      

      
        Research lights up process for turning CO2 into sustainable fuel
        Researchers have successfully transformed CO2 into methanol by shining sunlight on single atoms of copper deposited on a light-activated material, a discovery that paves the way for creating new green fuels.

      

      
        Engineering household robots to have a little common sense
        Engineers aim to give robots a bit of common sense when faced with situations that push them off their trained path, so they can self-correct after missteps and carry on with their chores. The team's method connects robot motion data with the common sense knowledge of large language models, or LLMs.

      

      
        GPT-4 for identifying cell types in single cells matches and sometimes outperforms expert methods
        GPT-4 can accurately interpret types of cells important for the analysis of single-cell RNA sequencing -- a sequencing process fundamental to interpreting cell types -- with high consistency compared to that of time-consuming manual annotation by human experts of gene information.

      

      
        Pairing crypto mining with green hydrogen offers clean energy boost
        Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new study.

      

      
        With a new experimental technique, engineers probe the mechanisms of landslides and earthquakes
        Researchers developed a method for 3D experiments that can reveal how forces are transmitted through granular materials, and how the shapes of the grains can dramatically change the outcomes. This could lead to better ways of understanding how landslides are triggered, and how to control the flow of granular materials in industrial processes.

      

      
        Pushing back the limits of optical imaging by processing trillions of frames per second
        Pushing for a higher speed isn't just for athletes. Researchers, too, can achieve such feats with their discoveries. A new device called SCARF (for swept-coded aperture real-time femtophotography) can capture transient absorption in a semiconductor and ultrafast demagnetization of a metal alloy. This new method will help push forward the frontiers of knowledge in a wide range of fields, including modern physics, biology, chemistry, materials science, and engineering.

      

      
        Scientists deliver quantum algorithm to develop new materials and chemistry
        Scientists published the Cascaded Variational Quantum Eigensolver (CVQE) algorithm in a recent article, expected to become a powerful tool to investigate the physical properties in electronic systems.

      

      
        The world is one step closer to secure quantum communication on a global scale
        Researchers have brought together two Nobel prize-winning research concepts to advance the field of quantum communication. Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

      

      
        Cool paint coatings help pedestrians feel up to 1.5 degrees Celsius cooler in urban setting
        A real-world study has shown that the use of cool paint coatings in cities can help pedestrians feel up to 1.5 degrees Celsius cooler, making the urban area more comfortable for work and play.

      

      
        A self-cleaning wall paint
        Beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the color changes and needs to be renewed. Now, special titanium oxide nanoparticles have been developed that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunligh...

      

      
        Rectifying AI's usage in the quest for thermoelectric materials
        AI is revolutionizing the way researchers seek to identify new materials, but it still has some shortcomings. Now, a team of researchers has navigated AI's pitfalls to identify a thermoelectric material that boasts remarkable properties.

      

      
        New all-liquid iron flow battery for grid energy storage
        A new iron-based aqueous flow battery shows promise for grid energy storage applications.

      

      
        Quantum interference could lead to smaller, faster, and more energy-efficient transistors
        Scientists made a single-molecule transistor using quantum interference to control electron flow. This new design offers high on/off ratio and stability, potentially leading to smaller, faster, and more energy-efficient devices. Quantum interference also improves the transistor's sensitivity to voltage changes, further boosting its efficiency.

      

      
        Novel quantum algorithm for high-quality solutions to combinatorial optimization problems
        Conventional quantum algorithms are not feasible for solving combinatorial optimization problems (COPs) with constraints in the operation time of quantum computers. To address this issue, researchers have developed a novel algorithm called post-processing variationally scheduled quantum algorithm. The novelty of this innovative algorithm lies in the use of a post-processing technique combined with variational scheduling to achieve high-quality solutions to COPs in a short time.

      

      
        Semiconductors at scale: New processor achieves remarkable speed-up in problem solving
        Annealing processors are crucial for solving combinatorial optimization problems. However, they face scalability challenges due to the complexity of required architecture. TUS researchers have now designed a scalable, fully-coupled processor with 4096 spins and parallel processing capabilities. It demonstrates superior performance and power efficiency compared to traditional devices. The research team aims to develop a 2050-level quantum computer computing system by 2030, potentially revolutioniz...

      

      
        Astronomers discover 49 new galaxies in under three hours
        New work aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, they instead discovered other galaxies while inspecting the data. In total, the gas of 49 galaxies was detected.

      

      
        Caller ID of the sea: Tagging whale communication and behavior
        Biologists use a novel method of simultaneous acoustic tagging to gain insights into the link between whale communication and behavior

      

      
        Droughts in Europe could be avoided with faster emissions cuts
        Models suggest summer rainfall in southern Europe could decline by up to 48% by the year 2100 if emissions of greenhouse gases continue to rise rapidly.

      

      
        Bioelectronic mesh capable of growing with cardiac tissues for comprehensive heart monitoring
        A team of engineers has recently built a tissue-like bioelectronic mesh system integrated with an array of atom-thin graphene sensors that can simultaneously measure both the electrical signal and the physical movement of cells in lab-grown human cardiac tissue. This tissue-like mesh can grow along with the cardiac cells, allowing researchers to observe how the heart's mechanical and electrical functions change during the developmental process. The new device is a boon for those studying cardiac ...

      

      
        Researchers take major step toward developing next-generation solar cells
        Engineers have discovered a new way to manufacture solar cells using perovskite semiconductors. It could lead to lower-cost, more efficient systems for powering homes, cars, boats and drones.

      

      
        James Webb Space Telescope captures the end of planet formation
        How much time do planets have to form from a swirling disk of gas and dust around a star? A new study gives scientists a better idea of how our own solar system came to be.

      

      
        Revolutionizing hydrogen production: Economical and efficient solutions unveiled
        Scientists introduce superaerophobic three-dimensional nickel nanostructured catalysts for accelerated water electrolysis.

      

      
        
          	
            Health News
          
          	
            Sections
          
          	
            Environment News
          
        

      

    

  
	
	Articles
	Sections
	Next



Revolutionary biomimetic olfactory chips to enable advanced gas sensing and odor detection | ScienceDaily
A research team led by the School of Engineering of the Hong Kong University of Science and Technology (HKUST) has addressed the long-standing challenge of creating artificial olfactory sensors with arrays of diverse high-performance gas sensors. Their newly developed biomimetic olfactory chips (BOC) are able to integrate nanotube sensor arrays on nanoporous substrates with up to 10,000 individually addressable gas sensors per chip, a configuration that is similar to how olfaction works for humans and other animals.


						
For decades, researchers worldwide have been developing artificial olfaction and electronic noses (e-noses) with the aim of emulating the intricate mechanism of the biological olfactory system to effectively discern complex odorant mixtures. Yet, major challenges of their development lie on the difficulty of miniaturizing the system and increasing its recognition capabilities in determining the exact gas species and their concentrations within complex odorant mixtures.

To tackle these issues, the research team led by Prof. FAN Zhiyong, Chair Professor at HKUST's Department of Electronic & Computer Engineering and Department of Chemical & Biological Engineering, used an engineered material composition gradient that allows for wide arrays of diverse sensors on one small nanostructured chip. Leveraging the power of artificial intelligence, their biomimetic olfactory chips exhibit exceptional sensitivity to various gases with excellent distinguishability for mixed gases and 24 distinct odors. With a vision to expand their olfactory chip's applications, the team also integrated the chips with vision sensors on a robot dog, creating a combined olfactory and visual system that can accurately identify objects in blind boxes.

The development of the biomimetic olfactory chips will not only improve the existing broad applications of the artificial olfaction and e-noses systems in food, environmental, medical and industrial process control etc, but also open up new possibilities in intelligent systems, such as advanced robots and portable smart devices, for applications in security patrols and rescue operations.

For example, in their applications in real-time monitoring and quality control, the biomimetic olfactory chips can be used to detect and analyze specific odors or volatile compounds associated with different stages of industrial processes to ensure safety; detect any abnormal or hazardous gases in environmental monitoring; and identify leakage in pipes to facilitate timely repair.

The technology presented in this study serves as a pivotal breakthrough in the realm of odor digitization. As the scientific community witnesses the triumphant prevalence of visual information digitization, facilitated by the modern and mature imaging sensing technologies, the realm of scent-based information has yet remained untapped due to the absence of advanced odor sensors. The work conducted by Prof. Fan's team has paved the way for the development of biomimetic odor sensors that possess immense potential. With further advancements, these sensors could find widespread utilization, akin to the ubiquitous presence of miniaturized cameras in cell phones and portable electronics, thereby enriching and enhancing people's quality of life.

"In the future, with the development of suitable bio-compatible materials, we hope that the biomimetic olfactory chip can also be placed on human body to allow us to smell odor that normally cannot be smelled. It can also monitor the abnormalities in volatile organic molecules in our breath and emitted by our skin, to warn us on potential diseases, reaching further potential of biomimetic engineering," said Prof. Fan.
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Long-period oscillations control the Sun's differential rotation | ScienceDaily
The Sun's differential rotation pattern has puzzled scientists for decades: while the poles rotate with a period of approximately 34 days, mid-latitudes rotate faster and the equatorial region requires only approximately 24 days for a full rotation. In addition, in past years advances in helioseismology, i.e. probing the solar interior with the help of solar acoustic waves, have established that this rotational profile is nearly constant throughout the entire convection zone. This layer of the Sun stretches from a depth of approximately 200,000 kilometers to the visible solar surface and is home to violent upheavals of hot plasma which play a crucial role in driving solar magnetism and activity.


						
While theoreticaThe interior of the Sun does not rotate at the same rate at all latitudes. The physical origin of this differential rotation is not fully understood. A team of scientists at the Max Planck Institute for Solar System Research (MPS) in Germany has made a ground-breaking discovery. As the team reports today in the journal Science Advances, the long-period solar oscillations discovered by MPS scientists in 2021 play a crucial role in controlling the Sun's rotational pattern. The long-period oscillations are analogous to the baroclinically unstable waves in Earth's atmosphere that shape the weather. In the Sun, these oscillations carry heat from the slightly hotter poles to the slightly cooler equator. To obtain their new results, the scientists interpreted observations from NASA's Solar Dynamics Observatory using cutting-edge numerical simulations of the solar interior. They found that the difference in temperature between the poles and the equator is about seven degrees.

l models have long postulated a slight temperature difference between solar poles and equator to maintain the Sun's rotational pattern, it has proven notoriously difficult to measure. After all, observations have to "look through" the background of the Sun's deep interior which measures up to million degrees in temperature. However, as the researchers from MPS show, it is now possible to determine the temperature difference from the observations of the long-period oscillations of the Sun.

In their analysis of observational data obtained by the Helioseismic and Magnetic Imager (HMI) onboard NASA's Solar Dynamics Observatory from 2017 to 2021, the scientists turned to global solar oscillations with long periods that can be discerned as swirling motions at the solar surface. Scientists from MPS reported their discovery of these inertial oscillations three years ago. Among these observed modes, the high-latitude modes with velocities of up to 70 km per hour, proved to be especially influential.

To study the nonlinear nature of these high-latitude oscillations, a set of three-dimensional numerical simulations was conducted. In their simulations, the high-latitude oscillations carry heat from the solar poles to the equator, which limits the temperature difference between the Sun's poles and the equator to less than seven degrees. "This very small temperature difference between the poles and the equator controls the angular momentum balance in the Sun and thus is an important feedback mechanism for the Sun's global dynamics" says MPS Director Prof. Dr. Laurent Gizon.

In their simulations, the researchers for the first time described the crucial processes in a fully three-dimensional model. Former endeavors had been limited to two-dimensional approaches that assumed the symmetry about the Sun's rotation axis. "Matching the nonlinear simulations to the observations allowed us to understand the physics of the long-period oscillations and their role in controlling the Sun's differential rotation," says MPS postdoc and the lead author of the study, Dr. Yuto Bekki.

The solar high-latitude oscillations are driven by a temperature gradient in a similar way to extratropical cyclones on the Earth. The physics is similar, though the details are different: "In the Sun, the solar pole is about seven degrees hotter than equator and this is enough to drive flows of about 70 kilometers per hour over a large fraction of the Sun. The process is somewhat similar to the driving of cyclones," says MPS scientist Dr. Robert Cameron.

Probing the physics of the Sun's deep interior is difficult. This study is important as it shows that the long-period oscillations of the Sun are not only useful probes of the solar interior, but that they play an active role in the way the Sun works. Future work, which will be carried out in the context of the ERC Synergy Grant WHOLESUN and the DFG Collaborative Research Center 1456 Mathematics of Experiments, will be aimed at better understanding the role of these oscillations and their diagnostic potential.
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Could AI play a role in locating damage to the brain after stroke? | ScienceDaily
Artificial intelligence (AI) may serve as a future tool for neurologists to help locate where in the brain a stroke occurred. In a new study, AI processed text from health histories and neurologic examinations to locate lesions in the brain. The study, which looked specifically at the large language model called generative pre-trained transformer 4 (GPT-4), is published in the March 27, 2024, online issue of Neurology(r) Clinical Practice, an official journal of the American Academy of Neurology.


						
A stroke can cause long-term disability or even death. Knowing where a stroke has occurred in the brain helps predict long-term effects such as problems with speech and language or a person's ability to move part of their body. It can also help determine the best treatment and a person's overall prognosis.

Damage to the brain tissue from a stroke is called a lesion. A neurologic exam can help locate lesions, when paired with a review of a person's health history. The exam involves symptom evaluation and thinking and memory tests. People with stroke often have brain scans to locate lesions.

"Not everyone with stroke has access to brain scans or neurologists, so we wanted to determine whether GPT-4 could accurately locate brain lesions after stroke based on a person's health history and a neurologic exam," said study author Jung-Hyun Lee, MD, of State University of New York (SUNY) Downstate Health Sciences University in Brooklyn and a member of the American Academy of Neurology.

The study used 46 published cases of people who had stroke. Researchers gathered text from participants' health histories and neurologic exams. The raw text was fed into GPT-4. Researchers asked it to answer three questions: whether a participant had one or more lesions; on which side of the brain lesions were located; and in which region of the brain the lesions were found. They repeated these questions for each participant three times. Results from GPT-4 were then compared to brain scans for each participant.

Researchers found that GPT-4 processed the text from the health histories and neurologic exams to locate lesions in many participants' brains, identifying which side of the brain the lesion was on, as well as the specific brain region, with the exception of lesions in the cerebellum and spinal cord.

For the majority of people, GPT-4 was able to identify on which side of the brain lesions were found with a sensitivity of 74% and a specificity of 87%. Sensitivity is the percentage of actual positives that are correctly identified as positive. Specificity is the percentage of negatives that are correctly identified. It also identified the brain region with a sensitivity of 85% and a specificity of 94%.




When looking at how often the three tests had the same result for each participant, GPT-4 was consistent for 76% of participants regarding the number of brain lesions. It was consistent for 83% of participants for the side of the brain, and for 87% of participants regarding the brain regions.

However, when combining its responses to all three questions across all three times, GPT-4 provided accurate answers for 41% of participants.

"While not yet ready for use in the clinic, large language models such as generative pre-trained transformers have the potential not only to assist in locating lesions after stroke, they may also reduce health care disparities because they can function across different languages," said Lee. "The potential for use is encouraging, especially due to the great need for improved health care in underserved areas across multiple countries where access to neurologic care is limited."

A limitation of the study is that the accuracy of GPT-4 depends on the quality of the information it is provided. While researchers had detailed health histories and neurologic exam information for each participant, such information is not always available for everyone who has a stroke.
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Artificial reef designed by MIT engineers could protect marine life, reduce storm damage | ScienceDaily
The beautiful, gnarled, nooked-and-crannied reefs that surround tropical islands serve as a marine refuge and natural buffer against stormy seas. But as the effects of climate change bleach and break down coral reefs around the world, and extreme weather events become more common, coastal communities are left increasingly vulnerable to frequent flooding and erosion.


						
An MIT team is now hoping to fortify coastlines with "architected" reefs -- sustainable, offshore structures engineered to mimic the wave-buffering effects of natural reefs while also providing pockets for fish and other marine life.

The team's reef design centers on a cylindrical structure surrounded by four rudder-like slats. The engineers found that when this structure stands up against a wave, it efficiently breaks the wave into turbulent jets that ultimately dissipate most of the wave's total energy. The team has calculated that the new design could reduce as much wave energy as existing artificial reefs, using 10 times less material.

The researchers plan to fabricate each cylindrical structure from sustainable cement, which they would mold in a pattern of "voxels" that could be automatically assembled, and would provide pockets for fish to explore and other marine life to settle in. The cylinders could be connected to form a long, semipermeable wall, which the engineers could erect along a coastline, about half a mile from shore. Based on the team's initial experiments with lab-scale prototypes, the architected reef could reduce the energy of incoming waves by more than 95 percent.

"This would be like a long wave-breaker," says Michael Triantafyllou, the Henry L. and Grace Doherty Professor in Ocean Science and Engineering in the Department of Mechanical Engineering. "If waves are 6 meters high coming toward this reef structure, they would be ultimately less than a meter high on the other side. So, this kills the impact of the waves, which could prevent erosion and flooding."

Details of the architected reef design are reported today in a study appearing in the open-access journal PNAS Nexus. Triantafyllou's MIT co-authors are Edvard Ronglan SM '23; graduate students Alfonso Parra Rubio, Jose del Auila Ferrandis, and Erik Strand; research scientists Patricia Maria Stathatou and Carolina Bastidas; and Professor Neil Gershenfeld, director of the Center for Bits and Atoms; along with Alexis Oliveira Da Silva at the Polytechnic Institute of Paris, Dixia Fan of Westlake University, and Jeffrey Gair Jr. of Scinetics, Inc.

Leveraging turbulence

Some regions have already erected artificial reefs to protect their coastlines from encroaching storms. These structures are typically sunken ships, retired oil and gas platforms, and even assembled configurations of concrete, metal, tires, and stones. However, there's variability in the types of artificial reefs that are currently in place, and no standard for engineering such structures. What's more, the designs that are deployed tend to have a low wave dissipation per unit volume of material used. That is, it takes a huge amount of material to break enough wave energy to adequately protect coastal communities.




The MIT team instead looked for ways to engineer an artificial reef that would efficiently dissipate wave energy with less material, while also providing a refuge for fish living along any vulnerable coast.

"Remember, natural coral reefs are only found in tropical waters," says Triantafyllou, who is director of the MIT Sea Grant. "We cannot have these reefs, for instance, in Massachusetts. But architected reefs don't depend on temperature, so they can be placed in any water, to protect more coastal areas."

The new effort is the result of a collaboration between researchers in MIT Sea Grant, who developed the reef structure's hydrodynamic design, and researchers at the Center for Bits and Atoms (CBA), who worked to make the structure modular and easy to fabricate on location. The team's architected reef design grew out of two seemingly unrelated problems. CBA researchers were developing ultralight cellular structures for the aerospace industry, while Sea Grant researchers were assessing the performance of blowout preventers in offshore oil structures -- cylindrical valves that are used to seal off oil and gas wells and prevent them from leaking.

The team's tests showed that the structure's cylindrical arrangement generated a high amount of drag. In other words, the structure appeared to be especially efficient in dissipating high-force flows of oil and gas. They wondered: Could the same arrangement dissipate another type of flow, in ocean waves?

The researchers began to play with the general structure in simulations of water flow, tweaking its dimensions and adding certain elements to see whether and how waves changed as they crashed against each simulated design. This iterative process ultimately landed on an optimized geometry: a vertical cylinder flanked by four long slats, each attached to the cylinder in a way that leaves space for water to flow through the resulting structure. They found this setup essentially breaks up any incoming wave energy, causing parts of the wave-induced flow to spiral to the sides rather than crashing ahead.

"We're leveraging this turbulence and these powerful jets to ultimately dissipate wave energy," Ferrandis says.




Standing up to storms

Once the researchers identified an optimal wave-dissipating structure, they fabricated a laboratory-scale version of an architected reef made from a series of the cylindrical structures, which they 3D-printed from plastic. Each test cylinder measured about 1 foot wide and 4 feet tall. They assembled a number of cylinders, each spaced about a foot apart, to form a fence-like structure, which they then lowered into a wave tank at MIT. They then generated waves of various heights and measured them before and after passing through the architected reef.

"We saw the waves reduce substantially, as the reef destroyed their energy," Triantafyllou says.

The team has also looked into making the structures more porous, and friendly to fish. They found that, rather than making each structure from a solid slab of plastic, they could use a more affordable and sustainable type of cement.

"We've worked with biologists to test the cement we intend to use, and it's benign to fish, and ready to go," he adds.

They identified an ideal pattern of "voxels," or microstructures, that cement could be molded into, in order to fabricate the reefs while creating pockets in which fish could live. This voxel geometry resembles individual egg cartons, stacked end to end, and appears to not affect the structure's overall wave-dissipating power.

"These voxels still maintain a big drag while allowing fish to move inside," Ferrandis says.

The team is currently fabricating cement voxel structures and assembling them into a lab-scale architected reef, which they will test under various wave conditions. They envision that the voxel design could be modular, and scalable to any desired size, and easy to transport and install in various offshore locations. "Now we're simulating actual sea patterns, and testing how these models will perform when we eventually have to deploy them," says Anjali Sinha, a graduate student at MIT who recently joined the group.

Going forward, the team hopes to work with beach towns in Massachusetts to test the structures on a pilot scale.

"These test structures would not be small," Triantafyllou emphasizes. "They would be about a mile long, and about 5 meters tall, and would cost something like 6 million dollars per mile. So it's not cheap. But it could prevent billions of dollars in storm damage. And with climate change, protecting the coasts will become a big issue."

This work was funded, in part, by the U.S. Defense Advanced Research Projects Agency.
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Astronomers conduct first search for forming planets with new space telescope | ScienceDaily
Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly.


						
Although several dozens of such disks have been imaged, just two planets have been caught in the act of forming so far. Now, astronomers are aiming the powerful instruments aboard the James Webb Space Telescope at protoplanetary disks to try to find early clues about the ways in which planets form, and how these planets influence their natal disk.

A trio of studies led by the University of Michigan, University of Arizona and University of Victoria combined JWST's images with prior observations made by the Hubble Space Telescope and the Atacama Large Millimeter Array, or ALMA, in Chile. Based on the ancillary observations, the team used JWST to observe protoplanetary disks HL Tau, SAO 206462 and MWC 758 in hopes of detecting any planets that might be forming.

In the papers, published in The Astronomical Journal, the researchers pieced together previously unseen interactions between the planet-forming disk and the envelope of gas and dust surrounding the young stars at the center of the protoplanetary disks.

To catch a planet

The U-M study, led by U-M astronomer Gabriele Cugno, aimed JWST at a disk surrounding a protostar called SAO 206462. There, the researchers potentially found a planet candidate in the act of forming in a protoplanetary disk -- but it wasn't the planet they expected to find.

"Several simulations suggest that the planet should be within the disk, massive, large, hot, and bright. But we didn't find it. This means that either the planet is much colder than we think, or it may be obscured by some material that prevents us from seeing it," said Cugno, also a co-author on all three papers. "What we have found is a different planet candidate, but we cannot tell with 100% certainty whether it's a planet or a faint background star or galaxy contaminating our image. Future observations will help us understand exactly what we are looking at."

Astronomers have observed the disk in the past, notably with the Hubble Space Telescope, the Subaru Telescope, the Very Large Telescope and ALMA. These observations show a disk composed of two strong spirals, which are likely launched by a forming planet. The planet the U-M team expected to find is a type called a gas giant, planets composed mainly of hydrogen and helium, similar to Jupiter in our own solar system.




"The problem is, whatever we're trying to detect is hundreds of thousands, if not millions of times fainter than the star," Cugno said. "That's like trying to detect a little light bulb next to a lighthouse."

To peer more closely into the disk, the team used an instrument on JWST called NIRCam. NIRCam detects infrared light, and the astronomers used the instrument employing a technique called angular differential imaging. This technique can be used to detect both the thermal radiation of the planet, as the team has done to detect the planet candidate, and specific emission lines associated with material falling onto the planet and hitting its surface with high velocity.

"When material falls onto the planet, it shocks at the surface and gives off an emission line at specific wavelengths," Cugno said. "We use a set of narrow-band filters to try to detect this accretion. This has been done before from the ground at optical wavelengths, but this is the first time it's been done in the infrared with JWST."

Imaging the 'raw material' of planets

The University of Victoria paper, led by astronomy student Camryn Mullin, describes images of the disk surrounding the young star HL Tau.

"HL Tau is the youngest system in our survey, and still surrounded by a dense inflow of dust and gas falling onto the disk," said Mullin, a co-author of all three studies. "We were amazed by the level of detail with which we could see this surrounding material with JWST, but unfortunately, it obscures any signals from potential planets. "

HL Tau's disk is known for having several solar-system scale rings and gaps which could harbor planets.




"While there is a ton of evidence for ongoing planet formation, HL Tau is too young with too much intervening dust to see the planets directly," said Jarron Leisenring, the principal investigator of the observing campaign searching for forming planets and astronomer at the University of Arizona Steward Observatory. "We have already begun looking at other young systems with known planets to help form a more complete picture."

However, to the team's surprise, JWST revealed unexpected details of a different feature: the proto-stellar envelope, which is essentially a dense inflow of dust and gas surrounding the young star that is just beginning to coalesce, according to Leisenring. Under the influence of gravity, material from the interstellar medium falls inward onto the star and the disk, where it serves as the raw material for planets and their precursors.

The UArizona study, led by Kevin Wagner, a NASA Hubble/Sagan Fellow at UArizona Steward Observatory, examined the protoplanetary disk of MWC 758. Similar to SAO 206462, previous observations by the UArizona-led team revealed spiral arms forming in the disk, hinting at a massive planet orbiting its host star.

While no new planets were detected in the disk during the most recent observations, the sensitivity is groundbreaking, the researchers say, as it allows them to place the most stringent constraints yet on the suspected planets. For one, the results rule out the existence of additional planets in the outer regions of the MWC 758, consistent with a single giant planet driving the spiral arms.

"The lack of planets detected in all three systems tells us that the planets causing the gaps and spiral arms either are too close to their host stars or too faint to be seen with JWST," said Wagner, a co-author of all three studies. "If the latter is true, it tells us that they're of relatively low mass, low temperature, enshrouded in dust, or some combination of the three -- as is likely the case in MWC 758."

The search for forming planets continues

Catching planets in the act of forming is important because astronomers can glean information not only about the formation process, but how chemical elements get distributed throughout a planetary system.

"Only about 15 percent of stars like the sun have planets like Jupiter. It's really important to understand how they form and evolve, and to refine our theories," said U-M Michael Meyer, U-M astronomer and coauthor of all three studies. "Some astronomers think that these gas giant planets regulate the delivery of water to rocky planets forming in the inner parts of the disks."

Knowing how these disks are shaped by gas giants will help astronomers ultimately understand the properties and evolution of protoplanetary disks that later give rise to rocky, Earth-like planets, said Meyer.

"Basically in every disk we have observed with high enough resolution and sensitivity, we have seen large structures like gaps, rings and, in the case of SAO 206462, spirals," Cugno said. "Most if not all of these structures can be explained by forming planets interacting with the disk material, but other explanations that do not involve the presence of giant planets exist.

If we manage to finally see these planets, we can connect some of the structures with forming companions and relate formation processes to the properties of other systems at much later stages. We can finally connect the dots and understand how planets and planetary systems evolve as a whole."
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Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior | ScienceDaily
At the heart of a far-off galaxy, a supermassive black hole appears to have had a case of the hiccups.


						
Astronomers from MIT, Italy, the Czech Republic, and elsewhere have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

The periodic hiccups are a new behavior that has not been observed in black holes until now. The scientists believe the most likely explanation for the outbursts stems from a second, smaller black hole that is zinging around the central, supermassive black hole and slinging material out from the larger black hole's disk of gas every 8.5 days.

The team's findings, which will be published in the journal Science Advances, challenge the conventional picture of black hole accretion disks, which scientists had assumed are relatively uniform disks of gas that rotate around a central black hole. The new results suggest that accretion disks may be more varied in their contents, possibly containing other black holes, and even entire stars.

"We thought we knew a lot about black holes, but this is telling us there are a lot more things they can do," says study author Dheeraj "DJ" Pasham, a research scientist in MIT's Kavli Institute for Astrophysics and Space Research. "We think there will be many more systems like this, and we just need to take more data to find them."

The study's MIT co-authors include postdoc Peter Kosec, graduate student Megan Masterson, Associate Professor Erin Kara, Principal Research Scientist Ronald Remillard, and former research scientist Michael Fausnaugh, along with collaborators from multiple institutions, including the Tor Vergata University of Rome, the Astronomical Institute of the Czech Academy of Sciences, and Masaryk University in the Czech Republic.

"Use it or lose it"

The team's findings grew out of an automated detection by ASAS-SN (the All Sky Automated Survey for SuperNovae), a network of 20 robotic telescopes situated in various locations across the northern and southern hemispheres. The telescopes automatically survey the entire sky once a day for signs of supernovae and other transient phenomena.




In December of 2020, the survey spotted a burst of light in a galaxy about 800 million light years away. That particular part of the sky had been relatively quiet and dark until the telescopes' detection, when the galaxy suddenly brightened by a factor of 1,000. Pasham, who happened to see the detection reported in a community alert, chose to focus in on the flare with NASA's NICER (the Neutron star Interior Composition Explorer), an X-ray telescope aboard the International Space Station that continuously monitors the sky for X-ray bursts that could signal activity from neutron stars, black holes, and other extreme gravitational phenomena. The timing was fortuitous, as it was getting toward the end of Pasham's year-long period during which he had permission to point, or "trigger" the telescope.

"It was either use it or lose it, and it turned out to be my luckiest break," he says.

He trained NICER to observe the far-off galaxy as it continued to flare. The outburst lasted for about four months before petering out. During that time, NICER took measurements of the galaxy's X-ray emissions on a daily, high-cadence basis. When Pasham looked closely at the data, he noticed a curious pattern within the four-month flare: subtle dips, in a very narrow band of X-rays, that seemed to reappear every 8.5 days.

It seemed that the galaxy's burst of energy periodically dipped every 8.5 days. The signal is similar to what astronomers see when an orbiting planet crosses in front of its host star, briefly blocking the star's light. But no star would be able to block a flare from an entire galaxy.

"I was scratching my head as to what this means because this pattern doesn't fit anything that we know about these systems," Pasham recalls.

Punch it

As he was looking for an explanation to the periodic dips, Pasham came across a recent paper by theoretical physicists in the Czech Republic. The theorists had separately worked out that it would be possible, in theory, for a galaxy's central supermassive black hole to host a second, much smaller black hole. That smaller black hole could orbit at an angle from its larger companion's accretion disk.




As the theorists proposed, the secondary would periodically punch through the primary black hole's disk as it orbits. In the process, it would release a plume of gas , like a bee flying through a cloud of pollen. Powerful magnetic fields, to the north and south of the black hole, could then slingshot the plume up and out of the disk. Each time the smaller black hole punches through the disk, it would eject another plume, in a regular, periodic pattern. If that plume happened to point in the direction of an observing telescope, it might observe the plume as a dip in the galaxy's overall energy, briefly blocking the disk's light every so often.

"I was super excited by this theory, and I immediately emailed them to say, 'I think we're observing exactly what your theory predicted,'" Pasham says.

He and the Czech scientists teamed up to test the idea, with simulations that incorporated NICER's observations of the original outburst, and the regular, 8.5-day dips. What they found supports the theory: The observed outburst was likely a signal of a second, smaller black hole, orbiting a central supermassive black hole, and periodically puncturing its disk.

Specifically, the team found that the galaxy was relatively quiet prior to the December 2020 detection. The team estimates the galaxy's central supermassive black hole is as massive as 50 million suns. Prior to the outburst, the black hole may have had a faint, diffuse accretion disk rotating around it, as a second, smaller black hole, measuring 100 to 10,000 solar masses, was orbiting in relative obscurity.

The researchers suspect that, in December 2020, a third object -- likely a nearby star -- swung too close to the system and was shredded to pieces by the supermassive black hole's immense gravity -- an event that astronomers know as a "tidal disruption event." The sudden influx of stellar material momentarily brightened the black hole's accretion disk as the star's debris swirled into the black hole. Over four months, the black hole feasted on the stellar debris as the second black hole continued orbiting. As it punched through the disk, it ejected a much larger plume than it normally would, which happened to eject straight out toward NICER's scope.

The team carried out numerous simulations to test the periodic dips. The most likely explanation, they conclude, is a new kind of David-and-Goliath system -- a tiny, intermediate-mass black hole, zipping around a supermassive black hole.

"This is a different beast," Pasham says. "It doesn't fit anything that we know about these systems. We're seeing evidence of objects going in and through the disk, at different angles, which challenges the traditional picture of a simple gaseous disk around black holes. We think there is a huge population of these systems out there."

"This is a brilliant example of how to use the debris from a disrupted star to illuminate the interior of a galactic nucleus which would otherwise remain dark. It is akin to using fluorescent dye to find a leak in a pipe," says Richard Saxton, an X-ray astronomer from the European Space Astronomy Centre (ESAC) in Madrid, Spain, who was not involved in the study. "This result shows that very close super-massive black hole binaries could be common in galactic nuclei, which is a very exciting development for future gravitational wave detectors."

This research was supported in part NASA.
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Robot, can you say 'cheese'? | ScienceDaily
What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?


						
While we're getting accustomed to robots that are adept at verbal communication, thanks in part to advancements in large language models like ChatGPT, their nonverbal communication skills, especially facial expressions, have lagged far behind. Designing a robot that can not only make a wide range of facial expressions but also know when to use them has been a daunting task.

Tackling the challenge

The Creative Machines Lab at Columbia Engineering has been working on this challenge for more than five years. In a new study published today in Science Robotics, the group unveils Emo, a robot that anticipates facial expressions and executes them simultaneously with a human. It has even learned to predict a forthcoming smile about 840 milliseconds before the person smiles, and to co-express the smile simultaneously with the person.

The team, led by Hod Lipson, a leading researcher in the fields of artificial intelligence (AI) and robotics, faced two challenges: how to mechanically design an expressively versatile robotic face which involves complex hardware and actuation mechanisms, and knowing which expression to generate so that they appear natural, timely, and genuine. The team proposed training a robot to anticipate future facial expressions in humans and execute them simultaneously with a person. The timing of these expressions was critical -- delayed facial mimicry looks disingenuous, but facial co-expression feels more genuine since it requires correctly inferring the human's emotional state for timely execution.

How Emo connects with you

Emo is a human-like head with a face that is equipped with 26 actuators that enable a broad range of nuanced facial expressions. The head is covered with a soft silicone skin with a magnetic attachment system, allowing for easy customization and quick maintenance. For more lifelike interactions, the researchers integrated high-resolution cameras within the pupil of each eye, enabling Emo to make eye contact, crucial for nonverbal communication.




The team developed two AI models: one that predicts human facial expressions by analyzing subtle changes in the target face and another that generates motor commands using the corresponding facial expressions.

To train the robot how to make facial expressions, the researchers put Emo in front of the camera and let it do random movements. After a few hours, the robot learned the relationship between their facial expressions and the motor commands -- much the way humans practice facial expressions by looking in the mirror. This is what the team calls "self modeling" -- similar to our human ability to imagine what we look like when we make certain expressions.

Then the team ran videos of human facial expressions for Emo to observe them frame by frame. After training, which lasts a few hours, Emo could predict people's facial expressions by observing tiny changes in their faces as they begin to form an intent to smile.

"I think predicting human facial expressions accurately is a revolution in HRI. Traditionally, robots have not been designed to consider humans' expressions during interactions. Now, the robot can integrate human facial expressions as feedback," said the study's lead author Yuhang Hu, who is a PhD student at Columbia Engineering in Lipson's lab. "When a robot makes co-expressions with people in real-time, it not only improves the interaction quality but also helps in building trust between humans and robots. In the future, when interacting with a robot, it will observe and interpret your facial expressions, just like a real person."

What's next

The researchers are now working to integrate verbal communication, using a large language model like ChatGPT into Emo. As robots become more capable of behaving like humans, Lipson is well aware of the ethical considerations associated with this new technology.

"Although this capability heralds a plethora of positive applications, ranging from home assistants to educational aids, it is incumbent upon developers and users to exercise prudence and ethical considerations," says Lipson, James and Sally Scapa Professor of Innovation in the Department of Mechanical Engineering at Columbia Engineering, co-director of the Makerspace at Columbia, and a member of the Data Science Institute. "But it's also very exciting -- by advancing robots that can interpret and mimic human expressions accurately, we're moving closer to a future where robots can seamlessly integrate into our daily lives, offering companionship, assistance, and even empathy. Imagine a world where interacting with a robot feels as natural and comfortable as talking to a friend."
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More efficient TVs, screens and lighting | ScienceDaily
New multidisciplinary research from the University of St Andrews could lead to more efficient televisions, computer screens and lighting.


						
Researchers at the Organic Semiconductor Centre in the School of Physics and Astronomy, and the School of Chemistry have proposed a new approach to designing efficient light-emitting materials in a paper published this week in Nature (27 March).

Light-emitting materials are used in organic light-emitting diodes (OLEDs) that are now found in the majority of mobile phone displays and smartwatches, and some televisions and automotive lighting.

The latest generation of emitter materials under development produce OLEDs that have high efficiency at low brightness, but suffer reduced efficiency as the brightness is increased to the levels required for lighting and outdoor applications. This problem is known as 'efficiency roll-off'.

Researchers have identified the combination of features of materials required to overcome this problem. Guidelines developed by the team of researchers, led by Professor Ifor Samuel and Professor Eli Zysman-Colman, will help OLED researchers develop materials that maintain high efficiency at high brightness, enabling the latest materials to be used for applications in displays, lighting and medicine.

Commenting on the research, Professor Zysman-Colman explained that the findings "provide clearer insight into the link between the properties of the emitter material and the performance of the OLED."

Professor Samuel said, "Our new approach to this problem will help to develop bright, efficient and colourful OLEDs that use less power."
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A solar cell you can bend and soak in water | ScienceDaily
Researchers from the RIKEN Center for Emergent Matter Science and collaborators have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.


						
One of the potential uses of organic photovoltaics is to create wearable electronics -- devices that can be attached to clothing that can monitor medical devices, for example, without requiring battery changes. However, researchers have found it challenging to achieve waterproofing without the use of extra layers that end up decreasing the flexibility of the film.

Now, in work published in Nature Communications, a group of scientists have been able to do precisely that. They took on the challenge of overcoming a key limitation of previous devices, which is that it is difficult to make them waterproof without reducing the flexibility. Photovoltaic films are typically made of several layers. There is an active later, which captures energy of a certain wavelength from sunlight, and uses this energy to separate electrons and "electron holes" into a cathode and anode. The electrons and holes can then reconnect through a circuit, generating electricity. In previous devices, the layer transporting the electron holes was generally created sequentially by layering.

For the current work, however, the researchers deposited the anode layer, in this case a silver electrode, directly onto the active layers, creating better adhesion between the layers. They used a thermal annealing process, exposing the film to air at 85 degrees Celsius for 24 hours. According to Sixing Xiong, the first author of the paper, "It was challenging to form the layer, but we were happy to have accomplished it, and in the end were able to create a film that was just 3 micrometers thick, and we looked forward to seeing the results of tests."

What the group saw from the testing was very encouraging. First, they immersed the film completely in water for four hours and found that it still had 89 percent of its initial performance. They then subjected a film to stretching by 30 percent 300 times underwater, and found that even with that punishment, it retained 96 percent of its performance. As a final test, they ran it through a washing machine cycle, and it survived the ordeal, something that has never been achieved before.

According to Kenjiro Fukuda, one of the corresponding authors of the paper, "What we have created is a method that can be used more generally. Looking to the future, by improving the stability of devices in other areas, such as exposure to air, strong light, and mechanical stress, we plan to further develop our ultrathin organic solar cells so that they can be used for really practical wearable devices."

In addition to RKEN CEMS, members of the research group were from the University of Tokyo and the Huazhong University of Science and Technology in China.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124746.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A tiny spot leads to a large advancement in nano-processing, researchers reveal | ScienceDaily
Focusing a tailored laser beam through transparent glass can create a tiny spot inside the material. Researchers at Tohoku University have reported on a way to use this small spot to improve laser material processing, boosting processing resolution.


						
Their findings were published in the journal Optics Letters on March 1,2024.

Laser machining, like drilling and cutting, is vital in industries such as automotive, semiconductors, and medicine. Ultra-short pulse laser sources, with pulse widths from picoseconds to femtoseconds, enable precise processing at scales ranging from microns to tens of microns. But recent advancements demand even smaller scales, below 100 nanometers, which existing methods struggle to achieve.

The researchers focused on a laser beam with radial polarization, known as a vector beam. This beam generates a longitudinal electric field at the focus, producing a smaller spot than conventional beams.

Scientists have identified this process as promising for laser processing. However, one drawback is that this field weakens inside the material due to light refraction at the air-material interface, limiting its use.

"We overcame this employing an oil immersion objective lens -- something commonly found in biological microscopes -- for laser processing glass substrates," exclaims Yuichi Kozawa, an associate professor at Tohoku University's Institute for Multidisciplinary Research for Advanced Materials (IMRAM) and co-author of the paper. "Because the immersion oil and glass have nearly identical refractive indices, the light that passes through them does not bend."

Further examination of the radially polarized beam behavior when focused with an annular shape revealed that the longitudinal field is greatly enhanced. This enhancement occurs because of total reflection at high converging angles on the back surface between the glass and air. By using an annular-shaped radially polarized beam, Kozawa and his colleagues created a small focal spot.

From there, they applied this method to laser process a glass surface with an ultra-short pulse laser beam. A single shot of the converted pulse on the back surface of a glass substrate created a hole with a diameter of 67 nanometers, about 1/16 of the laser beam's wavelength.

"This breakthrough enables direct material processing with enhanced precision using the enhanced longitudinal electric field," adds Kozawa. "It offers a simple approach to realize processing scales below 100 nm and opens new possibilities for laser nano-processing in various industries and scientific fields."
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Heat, cold extremes hold untapped potential for solar and wind energy | ScienceDaily
Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy.


						
A Washington State University-led study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, also found that every region experienced power outages during these events in the past decade.

The findings, detailed in the journal Environmental Research Letters, suggest that using more renewable energy at these times could help offset increased power demand as more people and businesses turn on heaters or air conditioners.

"These extreme events are not going away anytime soon. In fact, every region in the U.S. experiences at least one such event nearly every year. We need to be prepared for their risks and ensure that people have reliable access to energy when they need it the most," said lead author Deepti Singh, a Washington State University climate scientist."Potentially, we could generate more power from renewable resources precisely when we have widespread extreme events that result in increased energy demand."

The study showed increased solar energy potential in all six U.S. regions during heat extremes, and in all but one region during cold ones, the area covered by the Texas-run grid. The researchers noted that atmospheric ridges or atmospheric high-pressure systems that cause intense heat, like the heat wave that hit the Pacific Northwest in 2021, are often characterized by cloudless, blue skies. Clear skies allow more of the sun's radiation to reach the Earth, which could be converted into power by solar panels.

Conditions for wind power were more variable, but at least three regions had increased potential to capture this type of energy during these hot and cold events: the Northeast during widespread cold, and both the Texas grid and a major Midwestern grid during heat waves.

For this analysis, Singh and her colleagues used long-term historical climate data along with power outage data from the U.S. Energy Information Administration. The researchers specifically looked at large heat and cold waves as opposed to localized events because they can impose greater stress across the entire power grid.




Previous research has shown that climate change is changing the characteristics of temperature extremes. Adding to that evidence, this analysis showed that large heat waves are increasing in frequency, particularly across the Western U.S. and Texas grids, rising by 123% and 132% respectively. In the West, they are also increasing in intensity, duration and extent, meaning that they are hotter, last longer and affect a larger area.

On the other hand, cold extremes are declining in frequency yet have remained mostly the same in terms of intensity, duration and extent. A notable example is the costly February 2021 cold wave that blanketed nearly the entire country. The event caused an estimated $24 billion in damage, including multiple days of power outages in Texas, and resulted in 226 deaths, according to a National Oceanic and Atmospheric Administration report.

Whether there were outages or not, all regions experience increased energy demand during such temperature extremes, and this strains their power grids, showing a need for alternate solutions.

Expanding solar and wind energy has the potential to improve the resilience of energy systems during extreme events to minimize service disruptions and associated adverse impacts, which are often felt the hardest among vulnerable, overburdened communities, said Singh. In addition to increasing climate resilience of the country's energy infrastructure, she also pointed out these renewable energy sources have multiple benefits.

"At the very least, solar and wind power do one other major thing: reduce air pollution that is associated with burning fossil fuels and is really bad for our health and the health of our ecosystems," she said. "Solar and wind are also conducive to having a more distributed energy system. They can be installed closer to communities where they're used, which can help advance energy equity and access."

This study identifies only the potential of solar and wind energy to help shore up power grids, the authors noted. More research and development would be needed to increase the resilience of energy grids to climate variability and extremes.

"There is complexity here because we have to think about vulnerabilities in transmission and distribution infrastructure as well as the environmental impact of expanding solar and wind systems, but hopefully these benefits can give us additional reasons to accelerate our transition towards renewable energy," said Singh. "There are also technological improvements that could help ensure that we can leverage renewable energy when it's needed. The capacity is there."

This study received support from the National Science Foundation and WSU.
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A new type of cooling for quantum simulators | ScienceDaily
Quantum experiments always have to deal with the same problem, regardless of whether they involve quantum computers, quantum teleportation or new types of quantum sensors: quantum effects break down very easily. They are extremely sensitive to external disturbances -- for example, to fluctuations caused simply by the surrounding temperature. It is therefore important to be able to cool down quantum experiments as effectively as possible.


						
At TU Wien (Vienna), it has now been shown that this type of cooling can be achieved in an interesting new way: A Bose-Einstein condensate is split into two parts, neither abruptly nor particularly slowly, but with a very specific temporal dynamic that ensures that random fluctuations are prevented as perfectly as possible. In this way, the relevant temperature in the already extremely cold Bose-Einstein condensate can be significantly reduced. This is important for quantum simulators, which are used at TU Wien to gain insights into quantum effects that could not be investigated using previous methods.

Quantum simulators

"We work with quantum simulators in our research," says Maximilian Prufer, who is researching new methods at TU Wien's Atomic Institute with the help of an Esprit Grant from the FWF. "Quantum simulators are systems whose behavior is determined by quantum mechanical effects and which can be controlled and monitored particularly well. These systems can therefore be used to study fundamental phenomena of quantum physics that also occur in other quantum systems, which cannot be studied so easily."

This means that a physical system is used to actually learn something about other systems. This idea is not entirely new in physics: for example, you can also carry out experiments with water waves in order to learn something about sound waves -- but water waves are easier to observe.

"In quantum physics, quantum simulators have become an extremely useful and versatile tool in recent years," says Maximilian Prufer. "Among the most important tools for realizing interesting model systems are clouds of extremely cold atoms, such as those we study in our laboratory." In the current paper published in Physical Review X, the scientists led by Jorg Schmiedmayer and Maximilian Prufer investigated how quantum entanglement evolves over time and how this can be used to achieve an even colder temperature equilibrium than before. Quantum simulation is also a central topic in the recently launched QuantA Cluster of Excellence, in which various quantum systems are being investigated.

The colder, the better

The decisive factor that usually limits the suitability of such quantum simulators at present is their temperature: "The better we cool down the interesting degrees of freedom of the condensate, the better we can work with it and the more we can learn from it," says Maximilian Prufer.




There are different ways to cool something down: For example, you can cool a gas by increasing its volume very slowly. With extremely cold Bose-Einstein condensates, other tricks are typically used: the most energetic atoms are quickly removed until only a collection of atoms remains, which have a fairly uniformly low energy and are therefore cooler.

"But we use a completely different technique," says Tiantian Zhang, first author of the study, who investigated this topic as part of her doctoral thesis at the Doctoral College of the Vienna Center for Quantum Science and Technology. "We create a Bose-Einstein condensate and then split it into two parts by creating a barrier in the middle." The number of particles which end up on the right side and on the left side of the barrier is undetermined. Due to the laws of quantum physics, there is a certain amount of uncertainty here. One could say that both sides are in a quantum-physical superposition of different particle number states.

"On average, exactly 50% of the particles are on the left and 50% on the right," says Maximilian Prufer. "But quantum physics says that there are always certain fluctuations. The fluctuations, i.e. the deviations from the expected value, are closely related to the temperature."

Cooling by controlling the fluctuations

The research team at TU Wien was able to show: neither an extremely abrupt nor an extremely slow splitting of the Bose-Einstein condensate is optimal. A compromise must be found, a cleverly tailored way to dynamically split the condensate, in order to control the quantum fluctuations as well as possible. This cannot be calculated: this problem cannot be solved using conventional computers. But with experiments, the research team was able to show: The appropriate splitting dynamics can be used to suppress the fluctuation in the number of particles, and this in turn translates into a reduction the temperature that you want to minimize.

"Different temperature scales exist simultaneously in this system, and we lower a very specific one of them," explains Maximilian Prufer. "So you can't think of it like a mini-fridge that gets noticeably colder overall. But that's not what we're talking about: suppressing the fluctuations is exactly what we need to be able to use our system as a quantum simulator even better than before. We can now use it to answer questions from fundamental quantum physics that were previously inaccessible."
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Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole | ScienceDaily
A new image from the Event Horizon Telescope (EHT) collaboration -- which includes scientists from the Center for Astrophysics | Harvard & Smithsonian (CfA) -- has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black holes. This similarity also hints toward a hidden jet in Sgr A*. The results were published today in The Astrophysical Journal Letters.


						
Scientists unveiled the first image of Sgr A* -- which is approximately 27,000 light-years away from Earth -- in 2022, revealing that while the Milky Way's supermassive black hole is more than a thousand times smaller and less massive than M87's, it looks remarkably similar. This made scientists wonder whether the two shared common traits outside of their looks. To find out, the team decided to study Sgr A* in polarized light. Previous studies of light around M87* revealed that the magnetic fields around the black hole giant allowed it to launch powerful jets of material back into the surrounding environment. Building on this work, the new images have revealed that the same may be true for Sgr A*.

"What we're seeing now is that there are strong, twisted, and organized magnetic fields near the black hole at the center of the Milky Way galaxy," said Sara Issaoun, CfA NASA Hubble Fellowship Program Einstein Fellow, Smithsonian Astrophysical Observatory (SAO) astrophysicist, and co-lead of the project. "Along with Sgr A* having a strikingly similar polarization structure to that seen in the much larger and more powerful M87* black hole, we've learned that strong and ordered magnetic fields are critical to how black holes interact with the gas and matter around them."

Light is an oscillating, or moving, electromagnetic wave that allows us to see objects. Sometimes, light oscillates in a preferred orientation, and we call it "polarized." Although polarized light surrounds us, to human eyes it is indistinguishable from "normal" light. In the plasma around these black holes, particles whirling around magnetic field lines impart a polarization pattern perpendicular to the field. This allows astronomers to see in increasingly vivid detail what's happening in black hole regions and map their magnetic field lines.

"By imaging polarized light from hot glowing gas near black holes, we are directly inferring the structure and strength of the magnetic fields that thread the flow of gas and matter that the black hole feeds on and ejects," said Harvard Black Hole Initiative Fellow and project co-lead Angelo Ricarte. "Polarized light teaches us a lot more about the astrophysics, the properties of the gas, and mechanisms that take place as a black hole feeds."

But imaging black holes in polarized light isn't as easy as putting on a pair of polarized sunglasses, and this is particularly true of Sgr A*, which is changing so fast that it doesn't sit still for pictures. Imaging the supermassive black hole requires sophisticated tools above and beyond those previously used for capturing M87*, a much steadier target. CfA postdoctoral fellow and SAO astrophysicist Paul Tiede said, "It is exciting that we were able to make a polarized image of Sgr A* at all. The first image took months of extensive analysis to understand its dynamical nature and unveil its average structure. Making a polarized image adds on the challenge of the dynamics of the magnetic fields around the black hole. Our models often predicted highly turbulent magnetic fields, making it extremely difficult to construct a polarized image. Fortunately, our black hole is much calmer, making the first image possible."

Scientists are excited to have images of both supermassive black holes in polarized light because these images, and the data that come with them, provide new ways to compare and contrast black holes of different sizes and masses. As technology improves, the images are likely to reveal even more secrets of black holes and their similarities or differences.




Michi Baubock, postdoctoral researcher at the University of Illinois Urbana-Champaign, said, "M87* and Sgr A* are different in a few important ways: M87* is much bigger, and it's pulling in matter from its surroundings at a much faster rate. So, we might have expected that the magnetic fields also look very different. But in this case, they turned out to be quite similar, which may mean that this structure is common to all black holes. A better understanding of the magnetic fields near black holes helps us answer several open questions -- from how jets are formed and launched to what powers the bright flares we see in infrared and X-ray light."

The EHT has conducted several observations since 2017 and is scheduled to observe Sgr A* again in April 2024. Each year, the images improve as the EHT incorporates new telescopes, larger bandwidth, and new observing frequencies. Planned expansions for the next decade will enable high-fidelity movies of Sgr A*, may reveal a hidden jet, and could allow astronomers to observe similar polarization features in other black holes. Meanwhile, extending the EHT into space will provide sharper images of black holes than ever before.

The CfA is leading several major initiatives to sharply enhance the EHT over the next decade. The next-generation EHT (ngEHT) project is undertaking a transformative upgrade of the EHT, aiming to bring multiple new radio dishes online, enable simultaneous multi-color observations, and increase the overall sensitivity of the array. The ngEHT expansion will enable the array to make real-time movies of supermassive black holes on event horizon scales. These movies will resolve detailed structure and dynamics near the event horizon, bringing into focus "strong-field" gravity features predicted by General Relativity as well as the interplay of accretion and relativistic jet-launching that sculpts large-scale structures in the Universe. Meanwhile, the Black Hole Explorer (BHEX) mission concept will extend the EHT into space, producing the sharpest images in the history of astronomy. BHEX will enable the detection and imaging of the "photon ring" -- a sharp ring feature formed by strongly lensed emission around black holes. The properties of a black hole are imprinted on the size and shape of the photon ring, revealing masses and spins for dozens of black holes, in turn showing how these strange objects grow and interact with their host galaxies.

The individual telescopes involved in the EHT in April 2017, when the observations were conducted, were: the Atacama Large Millimeter/submillimeter Array (ALMA), the Atacama Pathfinder Experiment (APEX), the IRAM 30-meter Telescope, the James Clerk Maxwell Telescope (JCMT), the Large Millimeter Telescope Alfonso Serrano (LMT), the Submillimeter Array (SMA), the UArizona Submillimeter Telescope (SMT), the South Pole Telescope (SPT).

Since then, the EHT has added the Greenland Telescope (GLT), which is operated by ASIAA and the CfA, the NOrthern Extended Millimeter Array (NOEMA) and the UArizona 12-meter Telescope on Kitt Peak to its network.
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Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs' | ScienceDaily
A new study is shaking up what scientists thought they knew about distant objects in the far reaches of the solar system, starting with an object called the space snowman.


						
Researchers from Brown University and the SETI Institute found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago. But that's just the beginning of their findings.

Using a new model they developed to study how comets evolve, the researchers suggest this feat of perseverance isn't unique to Arrokoth but that many objects from the Kuiper Belt -- which lies at the outermost regions of the solar system and dates back to the early formation of the solar system around 4.6 billion years ago -- may also contain the ancient ices they formed with.

"We've shown here in our work, with a rather simple mathematical model, that you can keep these primitive ices locked deep within the interiors of these objects for really long times," said Sam Birch, a planetary scientist at Brown and one of the paper's co-authors. "Most of our community had thought that these ices should be long lost, but we think now that may not be the case."

Birch describes the work in the journal Icarus with co-author Orkan Umurhan, a senior research scientist at the SETI Institute.

Until now, scientists had a hard time figuring out what happens to ices on these space rocks over time. The study challenges widely used thermal evolutionary models that have failed to account for the longevity of ices that are as temperature sensitive as carbon monoxide. The model the researchers created for the study accounts for this change and suggests that the highly volatile ices in these objects stick around much longer than was previously thought.

"We are basically saying that Arrokoth is so super cold that for more ice to sublimate -- or go directly from solid to a gas, skipping the liquid phase within it -- that the gas it sublimates into first has to have travel outwards through its porous, sponge-like interior," Birch said. "The trick is that to move the gas, you also have to sublimate the ice, so what you get is a domino effect: it gets colder within Arrokoth, less ice sublimates, less gas moves, it gets even colder, and so on. Eventually, everything just effectively shuts off, and you're left with an object full of gas that is just slowly trickling out."

The work suggests that Kuiper Belt objects can act as dormant "ice bombs," preserving volatile gases within their interiors for billions of years until orbital shifts bring them closer to the sun and the heat makes them unstable. This new idea could help explain why these icy objects from the Kuiper Belt erupt so violently when they first get closer to the sun. All of a sudden, the cold gas inside them rapidly gets pressurized and these objects evolve into comets.




"The key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan, Birch's co-author on the paper. "This study could be the initial mover for reevaluating the comet interior evolution and activity theory."

Altogether, the study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. Birch and Umurhan are co-investigators in NASA's Comet Astrobiology Exploration Sample Return (CAESAR) mission to acquire at least 80 grams of surface material from the comet 67P/Churyumov-Gerasimenko and return it to Earth for analysis.

The results from this study could help guide CAESAR's exploration and sampling strategies, helping to deepen our understanding of cometary evolution and activity.

"There may well be massive reservoirs of these primitive materials locked away in small bodies all across the outer solar system -- materials that are just waiting to erupt for us to observe them or sit in deep freeze until we can retrieve them and bring them home to Earth," Birch said.
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Researchers create biocompatible nanoparticles to enhance systemic delivery of cancer immunotherapy | ScienceDaily
Purdue University researchers are developing and validating patent-pending poly (lactic-co-glycolic acid), or PLGA, nanoparticles modified with adenosine triphosphate, or ATP, to enhance immunotherapy effects against malignant tumors.


						
The nanoparticles slowly release drugs that induce immunogenic cell death, or ICD, in tumors. ICD generates tumor antigens and other molecules to bring immune cells to a tumor's microenvironment. The researchers have attached ATP to the nanoparticles, which also recruits immune cells to the tumor to initiate anti-tumor immune responses.

Yoon Yeo leads a team of researchers from the College of Pharmacy, the Metabolite Profiling Facility in the Bindley Bioscience Center, and the Purdue Institute for Cancer Research to develop the nanoparticles. Yeo is the associate department head and Lillian Barboul Thomas Professor of Industrial and Molecular Pharmaceutics and Biomedical Engineering; she is also a member of the Purdue Institute for Drug Discovery and the Purdue Institute for Cancer Research.

The researchers validated their work using paclitaxel, a chemotherapy drug used to treat several types of cancers. They found that tumors grew slower in mice treated with paclitaxel enclosed within ATP-modified nanoparticles than in mice treated with paclitaxel in non-modified nanoparticles.

"When combined with an existing immunotherapy drug, the ATP-modified, paclitaxel-loaded nanoparticles eliminated tumors in mice and protected them from rechallenge with tumor cells," Yeo said.

The research has been published in the peer-reviewed journal ACS Nano.

Challenges to systemic immunotherapy delivery

Immunotherapy is a promising approach to fighting cancer, but Yeo said it does not benefit a large population of patients because they do not have the powerful immune cells needed to combat tumors.




"Pharmacological agents to activate immune cells can directly be given to tumors," Yeo said. "Then the immune system can fight not only the treated tumors but also nontreated tumors in distant locations as the activated immune cells circulate in the bloodstream."

However, Yeo said most tumors with poor prognoses are not always locatable or accessible. Therefore, they may not be effectively treated by local therapy. She and her team envisioned systemic delivery of immunotherapy, but there are challenges.

"For successful systemic administration, active ingredients that stimulate anti-tumor immune responses need to be simultaneously present in tumors to exert concerted effects on the target," Yeo said. "The ingredients also must maintain their activity until they reach tumors, but not cause toxic off-target effects. Moreover, the carriers traditionally used in local drug delivery offer limited utility in systemic application because they may not be compatible with blood components."

Yeo and her colleagues used biocompatible polymeric nanoparticles to deliver immunotherapy compounds and modified them to safely activate the immune system.

"We employed poly (lactic-co-glycolic acid), or PLGA, nanoparticles based on the strong track record of the polymer in FDA-approved products and its routine use in the systemic delivery of poorly water-soluble drugs," Yeo said.

Tests verified the ATP-modified PLGA nanoparticles were well tolerated in mice upon multiple systemic injections. They were able to recruit dendritic cells, the immune cells that recognize tumor antigens and bring specialized immune cells to fight off tumors.




"Moreover, the nanoparticles were shown to control the release of paclitaxel to minimize its systemic toxicity," Yeo said.

The next development steps

Yeo and her colleagues will continue their work on the ATP-modified nanoparticles.

"We are currently working on improving the delivery of the nanoparticles to tumors and combining them with other treatments that will circumvent the resistance to the nanoparticle-delivered immunotherapy," Yeo said. "To finance these efforts, we will apply for continued support from the National Institutes of Health. We are also open to industry partnerships to take this technology to the clinic." Yeo and the research team received funding from the National Institutes of Health, the National Center for Advancing Translational Sciences, the Indiana Clinical and Translational Sciences Institute, and the Purdue Institute for Cancer Research.
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Implantable batteries can run on the body's own oxygen | ScienceDaily
From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers in China devised an implantable battery that runs on oxygen in the body. The study, published March 27 in the journal Chem, shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.


						
"When you think about it, oxygen is the source of our life," says corresponding author Xizheng Liu, who specializes in energy materials and devices at Tianjin University of Technology. "If we can leverage the continuous supply of oxygen in the body, battery life won't be limited by the finite materials within conventional batteries."

To build a safe and efficient battery, the researchers made its electrodes out of a sodium-based alloy and nanoporous gold, a material with pores thousands of times smaller than a hair's width. Gold has been known for its compatibility with living systems, and sodium is an essential and ubiquitous element in the human body. The electrodes undergo chemical reactions with oxygen in the body to produce electricity. To protect the battery, the researchers encased it within a porous polymer film that is soft and flexible.

The researchers then implanted the battery under the skin on the backs of rats and measured its electricity output. Two weeks later, they found that the battery can produce stable voltages between 1.3 V and 1.4 V, with a maximum power density of 2.6 mW/cm2. Although the output is insufficient to power medical devices, the design shows that harnessing oxygen in the body for energy is possible.

The team also evaluated inflammatory reactions, metabolic changes, and tissue regeneration around the battery. The rats showed no apparent inflammation. Byproducts from the battery's chemical reactions, including sodium ions, hydroxide ions, and low levels of hydrogen peroxide, were easily metabolized by the body and did not affect the kidneys and liver. The rats healed well after implantation, with the hair on their back completely regrown after four weeks. To the researchers' surprise, blood vessels also regenerated around the battery.

"We were puzzled by the unstable electricity output right after implantation," says Liu. "It turned out we had to give the wound time to heal, for blood vessels to regenerate around the battery and supply oxygen, before the battery could provide stable electricity. This is a surprising and interesting finding because it means that the battery can help monitor wound healing."

Next, the team plans to up the battery's energy delivery by exploring more efficient materials for the electrodes and optimizing the battery structure and design. Liu also noted that the battery is easy to scale up in production and choosing cost-effective materials can further lower the price. The team's battery may also find other purposes beyond powering medical devices.

"Because tumor cells are sensitive to oxygen levels, implanting this oxygen-consuming battery around it may help starve cancers. It's also possible to convert the battery energy to heat to kill cancer cells," says Liu. "From a new energy source to potential biotherapies, the prospects for this battery are exciting."
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Turbulence within solar transients imaged | ScienceDaily
The Wide-field Imager for Parker Solar Probe (WISPR) Science Team, led by the U.S. Naval Research Laboratory (NRL), captured the development of turbulence as a Coronal Mass Ejection (CME) interacted with the ambient solar wind in the circumsolar space. This discovery is reported in the Astrophysical Journal.


						
Taking advantage of its unique location inside the Sun's atmosphere, the NRL-built WISPR telescope on NASA's Parker Solar Probe (PSP) mission, operated by the Johns Hopkins University Applied Physics Laboratory (JHUAPL), captured in unparalleled detail the interaction between a CME and the background ambient solar wind. To the surprise of the WISPR team, images from one of the telescopes showed what seemed like turbulent eddies, so-called Kelvin-Helmholtz instabilities (KHI). Such structures have been imaged in the terrestrial atmosphere as trains of crescent wave-like clouds and are the results of strong wind shear between the upper and lower levels of the cloud. This phenomenon, while rarely imaged, is thought to occur regularly at the interface of fluid flows when the right conditions arise.

"We never anticipated that KHI structures could develop to large enough scales to be imaged in visible light CME images in the heliosphere when we designed the instrument," said Angelos Vourlidas, Ph.D., JHUAPL and WISPR Project Scientist. "These fine detail observations show the power of the WISPR high sensitivity detector combined with the close-up vantage point afforded by Parker Solar Probe's unique sun-encounter orbit," said Mark Linton, Ph.D., head, NRL Heliophysics Theory and Modeling Section and Principal Investigator for the WISPR instrument.

The KHI structures were detected by the keen eye of an early career member of the WISPR team, Evangelos Paouris, Ph.D., George Mason University. Paouris, and his WISPR colleagues, undertook a thorough investigation to verify that the structures were indeed KHI waves. The results not only report an extremely rare phenomenon, even at Earth, but also open a new window of investigation with important consequences for the civilian and Department of Defense (DOD) communities.

"The turbulence that gives rise to KHI plays a fundamental role in regulating the dynamics of CMEs flowing through the ambient solar wind. Hence, understanding turbulence is key in achieving a deeper understanding of CME evolution and kinematics," said Paouris. By extension, this knowledge will lead to more accurate forecasting of the arrival of CMEs in Earth's vicinity and their effects on civilian and DOD space assets, thus safeguarding society and the warfighter.

"The direct imaging of extraordinary ephemeral phenomena like KHI with WISPR/PSP is a discovery that opens a new window to better understand CME propagation and their interaction with the ambient solar wind," Paouris said.

WISPR is the only imaging instrument aboard the NASA Parker Solar Probe mission. The instrument, designed, developed and led by NRL, records visible-light images of the solar corona and solar outflow in two overlapping cameras that together observe more than 100-degrees angular width from the Sun. This NASA mission travels closer to the Sun than any other mission. PSP uses a series of Venus flyby's to gradually reduce its perihelion from 36 solar radii in 2018 to 9.5 in 2025. The mission is approaching its 19th perihelion on March 30, 2024 at a distance of 11.5 solar radii from Sun center.

By observing the data the team found the Kelvin-Helmholtz instability is excited at the boundary between the CME and the ambient wind, as the two are flowing at distinctly different velocities. The resulting vortex-like structures are analyzed with respect to what the Kelvin-Helmholtz instability predicts, and inferences are presented about what the local magnetic field strength and density must be to allow such an instability in this environment.
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Hidden geometry of learning: Neural networks think alike | ScienceDaily
Penn Engineers have uncovered an unexpected pattern in how neural networks -- the systems leading today's AI revolution -- learn, suggesting an answer to one of the most important unanswered questions in AI: why these methods work so well.


						
Inspired by biological neurons, neural networks are computer programs that take in data and train themselves by repeatedly making small modifications to the weights or parameters that govern their output, much like neurons adjusting their connections to one another. The final result is a model that allows the network to predict on data it has not seen before. Neural networks are being used today in essentially all fields of science and engineering, from medicine to cosmology, identifying potentially diseased cells and discovering new galaxies.

In a new paper published in the Proceedings of the National Academy of Sciences (PNAS), Pratik Chaudhari, Assistant Professor in Electrical and Systems Engineering (ESE) and core faculty at the General Robotics, Automation, Sensing and Perception (GRASP) Lab, and co-author James Sethna, James Gilbert White Professor of Physical Sciences at Cornell University, show that neural networks, no matter their design, size or training recipe, follow the same route from ignorance to truth when presented with images to classify.

Jialin Mao, a doctoral student in Applied Mathematics and Computational Science at the University of Pennsylvania School of Arts & Sciences, is the paper's lead author.

"Suppose the task is to identify pictures of cats and dogs," says Chaudhari. "You might use the whiskers to classify them, while another person might use the shape of the ears -- you would presume that different networks would use the pixels in the images in different ways, and some networks certainly achieve better results than others, but there is a very strong commonality in how they all learn. This is what makes the result so surprising."

The result not only illuminates the inner workings of neural networks, but gestures toward the possibility of developing hyper-efficient algorithms that could classify images in a fraction of the time, at a fraction of the cost. Indeed, one of the highest costs associated with AI is the immense computational power required to develop neural networks. "These results suggest that there may exist new ways to train them," says Chaudhari.

To illustrate the potential of this new method, Chaudhari suggests imagining the networks as trying to chart a course on a map. "Let us imagine two points," he says. "Ignorance, where the network does not know anything about the correct labels, and Truth, where it can correctly classify all images. Training a network corresponds to charting a path between Ignorance and Truth in probability space -- in billions of dimensions. But it turns out that different networks take the same path, and this path is more like three-, four-, or five-dimensional."

In other words, despite the staggering complexity of neural networks, classifying images -- one of the foundational tasks for AI systems -- requires only a small fraction of that complexity. "This is actually evidence that the details of the network design, size or training recipes matter less than we think," says Chaudhari.




To arrive at these insights, Chaudhari and Sethna borrowed tools from information geometry, a field that brings together geometry and statistics. By treating each network as a distribution of probabilities, the researchers were able to make a true apples-to-apples comparison among the networks, revealing their unexpected, underlying similarities. "Because of the peculiarities of high-dimensional spaces, all points are far away from one another," says Chaudhari. "We developed more sophisticated tools that give us a cleaner picture of the networks' differences."

Using a wide variety of techniques, the team trained hundreds of thousands of networks, of many different varieties, including multi-layer perceptrons, convolutional and residual networks, and the transformers that are at the heart of systems like ChatGPT. "Then, this beautiful picture emerged," says Chaudhari. "The output probabilities of these networks were neatly clustered together on these thin manifolds in gigantic spaces." In other words, the paths that represented the networks' learning aligned with one another, showing that they learned to classify images the same way.

Chaudhari offers two potential explanations for this surprising phenomenon: first, neural networks are never trained on random assortments of pixels. "Imagine salt and pepper noise," says Chaudhari. "That is clearly an image, but not a very interesting one -- images of actual objects like people and animals are a tiny, tiny subset of the space of all possible images." Put differently, asking a neural network to classify images that matter to humans is easier than it seems, because there are many possible images the network never has to consider.

Second, the labels neural networks use are somewhat special. Humans group objects into broad categories, like dogs and cats, and do not have separate words for every particular member of every breed of animals. "If the networks had to use all the pixels to make predictions," says Chaudhari, "then the networks would have figured out many, many different ways." But the features that distinguish, say, cats and dogs are themselves low-dimensional. "We believe these networks are finding the same relevant features," adds Chaudhari, likely by identifying commonalities like ears, eyes, markings and so on.

Discovering an algorithm that will consistently find the path needed to train a neural network to classify images using just a handful of inputs is an unresolved challenge. "This is the billion-dollar question," says Chaudhari. "Can we train neural networks cheaply? This paper gives evidence that we might be able to. We just don't know how."

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science and Cornell University. It was supported by grants from the National Science Foundation, National Institutes of Health, the Office of Naval Research, Eric and Wendy Schmidt AI in Science Postdoctoral Fellowship and cloud computing credits from Amazon Web Services.

Other co-authors include Rahul Ramesh at Penn Engineering; Rubing Yang at the University of Pennsylvania School of Arts & Sciences; Itay Griniasty and Han Kheng Teoh at Cornell University; and Mark K. Transtrum at Brigham Young University.
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Memory self-test via smartphone can identify early signs of Alzheimer's disease | ScienceDaily
Dedicated memory tests on smartphones enable the detection of "mild cognitive impairment," a condition that may indicate Alzheimer's disease, with high accuracy. Researchers from DZNE, the Otto-von-Guericke University Magdeburg and the University of Wisconsin-Madison in the United States who collaborated with the Magdeburg-based company "neotiv" report these findings in the scientific journal npj Digital Medicine. Their study is based on data from 199 older adults. The results underline the potential of mobile apps for Alzheimer's disease research, clinical trials and routine medical care. The app that has been evaluated is now being offered to medical doctors to support the early detection of memory problems.


						
Memory problems are a key symptom of Alzheimer's disease. Not surprisingly, their severity and progression play a central role in the diagnosis of Alzheimer's disease and also in Alzheimer's research. In current clinical practice, memory assessment is performed under the guidance of a medical professional. The individuals being tested have to complete standardized tasks in writing or in conversation: for example, remembering and repeating words, spontaneously naming as many terms as possible on a certain topic or drawing geometric figures according to instructions. All these tests necessarily require professional supervision, otherwise the results are not conclusive. Thus, these tests cannot be completed alone, for example at home.

Prof. Emrah Duzel, a senior neuroscientist at DZNE's Magdeburg site and at University Magdeburg as well as entrepreneur in medical technology, advocates a new approach: "It has advantages if you can carry out such tests on your own and only have to visit the doctor's office to evaluate the results. Just as we know it from a long-term ECG, for example. Unsupervised testing would help to detect clinically relevant memory impairment at an earlier stage and track disease progression more closely than is currently possible. In view of recent developments in Alzheimer's therapy and new treatment options, early diagnosis is becoming increasingly important."

Comparison between remote at-home and supervised in-clinic testing

In addition to his involvement in dementia research, Duzel is also "Chief Medical Officer" of "neotiv," a Magdeburg-based start-up with which the DZNE has been cooperating for several years. The company has developed an app with which memory tests can be carried out autonomously with no need for professional supervision. The software runs on smartphones and tablets, and has been scientifically validated; it is used in Alzheimer's disease research and is now also offered as a digital tool for medical doctors to support the detection of mild cognitive impairment (MCI). Although MCI has little impact on the affected individuals daily living, they have nevertheless an increased risk of developing Alzheimer's dementia within a few years.

Dr. David Berron, research group leader at DZNE and also co-founder of neotiv explains: "As part of the validation process, we applied these novel remote and unsupervised assessments as well as an established in-clinic neuropsychological test battery. We found that the novel method is comparable to in-clinic assessments and detects mild cognitive impairment, also known as MCI, with high accuracy. This technology has enormous potential to provide clinicians with information that they cannot obtain during a patient vist to the clinic." These findings have now been published in the scientific journal npj Digital Medicine.

Participants from Germany and the USA

A total of 199 women and men over the age of 60 participated in the current study. They were located either in Germany or the USA and were each involved in one of two long-term observational studies, both of which address Alzheimer's -- the most common dementia: DZNE's DELCODE study (Longitudinal Cognitive Impairment and Dementia Study) and the WRAP (Wisconsin Registry for Alzheimer's Prevention) study of the University of Wisconsin-Madison. The study sample reflected varying cognitive conditions as they occur in a real world situation: It included individuals who were cognitively healthy, patients with MCI and others with subjectively perceived but not measurable memory problems. The diagnosis was based on established assessments that included e. g. memory and language tasks. In addition, all participants completed multiple memory assessments with the neotiv app over a period of at least six weeks, using their own smartphones or tablets -- and wherever it was convenient for them. "We found that a majority of our WRAP participants were able to complete the unsupervised digital tasks remotely and they were satisfied with the tasks and the digital platform," says Lindsay Clark, PhD, neuropsychologist and lead investigator of the Assessing Memory with Mobile Devices study at the University of Wisconsin-Madison.




Remembering images and detecting differences

"Assessments with the neotiv app are interactive and comprise three types of memory tasks. These address different areas of the brain that can be affected by Alzheimer's disease in different disease stages. Many years of research have gone into this," Duzel explains. Essentially, these tests involve remembering images or recognizing differences between images that are presented by the app. Using a specially developed score, the German-US research team was able to compare the results of the app with the findings of the established in-clinic assessments. "Our study shows that memory complaints can be meaningfully assessed using this digital, remote and unsupervised approach," says Duzel. "If the results from the digital assessment indicate that there is memory impairment typical of MCI, this paves the way for further clinical examinations. If test results indicate that memory is within the age-specific normal range, individuals can be given an all-clear signal for the time being. And for Alzheimer's disease research, this approach provides a digital cognitive assessment tool that can be used in clinical studies -- as is already being done in Germany, the USA, Sweden and other countries."

Outlook

Further studies are in preparation or already underway. The novel memory assessment is to be tested on even larger study groups, and the researchers also intend to investigate whether it can be used to track the progression of Alzheimer's disease over a longer period of time. Berron: "Information about how quickly memory declines over time is important for medical doctors and patients. It is also important for clinical trials as new treatments aim to slow the rate of cognitive decline." The cognitive neuroscientist describes the challenges: "To advance such self-tests, a patient's clinical data must be linked to self-tests outside the clinic, in the real-world. This is no easy task, but as our current study shows, we are making progress as a field."
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Sleeping supermassive black holes awakened briefly by shredded stars | ScienceDaily
A new investigation into an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, has revealed that these objects are not entirely what they seem. CSOs are active galaxies that host supermassive black holes at their cores. Out of these monstrous black holes spring two jets traveling in opposite directions at nearly the speed of light. But in comparison to other galaxies that boast fierce jets, these jets do not extend out to great distances -- they are much more compact. For many decades, astronomers suspected that CSOs were simply young and that their jets would eventually travel out to greater distances.


						
Now, reporting in three different papers in The Astrophysical Journal, a Caltech-led team of researchers has concluded that CSOs are not young but rather lead relatively short lives.

"These CSOs are not young," explains Anthony (Tony) Readhead, the Robinson Professor of Astronomy, Emeritus, who led the investigation. "You wouldn't call a 12-year-old dog young even though it has lived a shorter life than an adult human. These objects are a distinct species all of their own that live and die out in thousands of years rather than the millions of years that are common in galaxies with bigger jets."

In the new studies, the team reviewed literature and past observations of more than 3,000 CSO candidates, verifying 64 as real and identifying an additional 15 CSOs. All these objects had been previously observed by the National Radio Astronomy Observatory's Very Long Baseline Array (VLBA), funded by the National Science Foundation (NSF), and some had been observed by other high-resolution radio telescopes. "The VLBA observations are the most detailed in astronomy, providing images with details equivalent to measuring the width of a human hair at a distance of 100 miles," Readhead says.

The team's analysis concludes that CSOs expel jets for 5,000 years or less and then die out. "The CSO jets are very energetic jets but they seem to shut off," says Vikram Ravi, assistant professor of astronomy at Caltech and a co-author of one of the studies. "The jets stop flowing from the source."

As for what is fueling the short-lived jets, the scientists believe the cause is a tidal disruption event (TDE), which occurs when a single star wanders too close to a supermassive black hole and is devoured.

"We think that a single star gets ripped apart, and then all that energy is channeled into jets along the axis the black hole is spinning around," Readhead says. "The giant black hole starts out invisible to us, and then when it consumes a star, boom! The black hole has fuel, and we can see it."

Readhead first suspected that CSOs might be fueled by TDEs back in the 1990s, but he says the idea went largely unnoticed by the scientific community. "The hypothesis was all but forgotten because years went by before observational evidence began to mount for TDEs," he says. At the time of his original hypothesis, only three CSOs had been found.




Fast forward to 2020. Readhead, who had paused his studies of CSOs to delve into different problems in radio astronomy, decided it was time to revisit the topic. He gathered some of his colleagues together on Zoom, and they decided to comb through literature and weed out objects that had been misclassified as CSOs. Over the next two years, the team investigated more than 3,000 CSO candidates, narrowing the group down to only dozens that had the criteria to be real CSOs.

Ultimately, a picture began to emerge of CSOs as an entirely distinct family with jets that die out much sooner than their gigantic brethren, such as those of the extremely powerful Cygnus A, a galaxy that shoots out extremely powerful jets that glow brightly at radio wavelengths. These jets stretch to distances of about 230,000 light-years in each direction and last tens of millions of years. In contrast, the CSO jets extend to about 1,500 light-years at most and die out by about 5,000 years.

According to the astronomers, the CSO jets likely form when a supermassive black hole snacks on not just any star, but a substantial one.

"The TDEs we've previously seen only lasted for a few years," Ravi says. "We think that the remarkable TDEs powering CSOs last far longer because the disrupted stars are very large in size, very massive, or both."

By analyzing the varied collection of CSO radio images, the researchers say they can trace how the objects age over time, almost like looking at a photo album of a CSO's life to observe how its jets evolve. The younger CSOs have shorter jets that are closer to the black holes, while the older objects have jets that extend further out from their black hole. Though most of the jets die out, the scientists estimate that one in 100 will go onto to become long-lived like those of Cygnus A. In those rare cases, the galaxies are likely merging with other galaxies, a turbulent process that provides a large quantity of fuel.

If the discoveries of Readhead and his team are confirmed with additional observations, the CSOs will provide a whole new avenue for studying how massive stars at the centers of galaxies interact with supermassive black holes.

"These objects are indeed a distinct population with their own distinct origin, and it is up to us now to learn more about them and how they came to be," Readhead says. "Being able to study these objects on timescales of years to decades rather than millions of years has opened the door to a whole new laboratory for studying supermassive black holes and the many unexpected and unpredictable surprises they hold."
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Optimizing electronic health records: Study reveals improvements in departmental productivity | ScienceDaily

The study, led by a team of health care professionals in a family medicine department, embarked on a department-wide EHR optimization initiative in collaboration with IT specialists over a four-month period. Unlike previous efforts that primarily focused on institutional-level successes, this study delved deep into the intricacies of EHR interface development and its impact on clinical workflow.

"There has been a longstanding disconnect between EHR developers and end-users, resulting in interfaces that often fail to capture the intricacies of clinical workflows," said Adam M. Franks, M.D., interim chair of family and community health at the Joan C. Edwards School of Medicine and lead researcher on the study. "Our study aimed to bridge this gap and demonstrate the tangible benefits of collaborative optimization efforts."

The methodology involved an intensive quality improvement process engaging clinicians and clinical staff at all levels. Four categories of optimizations emerged: accommodations (adjustments made by the department to fit EHR workflows); creations (novel workflows developed by IT); discoveries (previously unnoticed workflows within the EHR); and modifications (changes made by IT to existing workflows).

Key findings from the study showed significant improvements in productivity: The optimization efforts led to remarkable enhancements in departmental productivity. Monthly charges increased from 0.74 to 1.28, while payments surged from 0.83 to 1.58. Although monthly visit ratios also increased from 0.65 to 0.98, the change was not statistically significant.

The study also revealed that a significant number of solutions to EHR usability issues were already embedded within the system, emphasizing the need for thorough exploration and understanding of existing workflows.

Finally, accommodation optimizations underscored the necessity for better collaboration between EHR developers and end-users before implementation, highlighting the potential for more user-centric design approaches.

"Our study not only demonstrates the efficacy of departmental collaboration with IT for EHR optimization but also underscores the importance of detailed workflow analysis in enhancing productivity," Franks said.

The research provides valuable insights for health care institutions aiming to maximize the potential of their EHR systems, with implications for improving patient care, efficiency and overall organizational performance.
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Bullseye! Accurately centering quantum dots within photonic chips | ScienceDaily
Traceable microscopy could improve the reliability of quantum information technologies, biological imaging, and more.


						
Devices that capture the brilliant light from millions of quantum dots, including chip-scale lasers and optical amplifiers, have made the transition from laboratory experiments to commercial products. But newer types of quantum-dot devices have been slower to come to market because they require extraordinarily accurate alignment between individual dots and the miniature optics that extract and guide the emitted radiation.

Researchers at the National Institute of Standards and Technology (NIST) and their colleagues have now developed standards and calibrations for optical microscopes that allow quantum dots to be aligned with the center of a photonic component to within an error of 10 to 20 nanometers (about one-thousandth the thickness of a sheet of paper). Such alignment is critical for chip-scale devices that employ the radiation emitted by quantum dots to store and transmit quantum information.

For the first time, the NIST researchers achieved this level of accuracy across the entire image from an optical microscope, enabling them to correct the positions of many individual quantum dots. A model developed by the researchers predicts that if microscopes are calibrated using the new standards, then the number of high-performance devices could increase by as much as a hundred-fold.

That new ability could enable quantum information technologies that are slowly emerging from research laboratories to be more reliably studied and efficiently developed into commercial products.

In developing their method, Craig Copeland, Samuel Stavis, and their collaborators, including colleagues from the Joint Quantum Institute (JQI), a research partnership between NIST and the University of Maryland, created standards and calibrations that were traceable to the International System of Units (SI) for optical microscopes used to guide the alignment of quantum dots.

"The seemingly simple idea of finding a quantum dot and placing a photonic component on it turns out to be a tricky measurement problem," Copeland said.




In a typical measurement, errors begin to accumulate as researchers use an optical microscope to find the location of individual quantum dots, which reside at random locations on the surface of a semiconductor material. If researchers ignore the shrinkage of semiconductor materials at the ultracold temperatures at which quantum dots operate, the errors grow larger. Further complicating matters, these measurement errors are compounded by inaccuracies in the fabrication process that researchers use to make their calibration standards, which also affects the placement of the photonic components.

The NIST method, which the researchers described in an article posted online in Optica Quantum on March 18, identifies and corrects such errors, which were previously overlooked.

The NIST team created two types of traceable standards to calibrate optical microscopes -- first at room temperature to analyze the fabrication process, and then at cryogenic temperatures to measure the location of quantum dots. Building on their previous work, the room-temperature standard consisted of an array of nanoscale holes spaced a set distance apart in a metal film.

The researchers then measured the actual positions of the holes with an atomic force microscope, ensuring that the positions were traceable to the SI. By comparing the apparent positions of the holes as viewed by the optical microscope with the actual positions, the researchers assessed errors from magnification calibration and image distortion of the optical microscope. The calibrated optical microscope could then be used to rapidly measure other standards that the researchers fabricated, enabling a statistical analysis of the accuracy and variability of the process.

"Good statistics are essential to every link in a traceability chain," said NIST researcher Adam Pintar, a coauthor of the article.

Extending their method to low temperatures, the research team calibrated an ultracold optical microscope for imaging quantum dots. To perform this calibration, the team created a new microscopy standard -- an array of pillars fabricated on a silicon wafer. The scientists worked with silicon because the shrinkage of the material at low temperatures has been accurately measured.




The researchers discovered several pitfalls in calibrating the magnification of cryogenic optical microscopes, which tend to have worse image distortion than microscopes operating at room temperature. These optical imperfections bend the images of straight lines into gnarled curves that the calibration effectively straightens out. If uncorrected, the image distortion causes large errors in determining the position of quantum dots and in aligning the dots within targets, waveguides, or other light-controlling devices.

"These errors have likely prevented researchers from fabricating devices that perform as predicted," said NIST researcher Marcelo Davanco, a coauthor of the article.

The researchers developed a detailed model of the measurement and fabrication errors in integrating quantum dots with chip-scale photonic components. They studied how these errors limit the ability of quantum-dot devices to perform as designed, finding the potential for a hundred-fold improvement.

"A researcher might be happy if one out of a hundred devices works for their first experiment, but a manufacturer might need ninety-nine out of a hundred devices to work," Stavis noted. "Our work is a leap ahead in this lab-to-fab transition."

Beyond quantum-dot devices, traceable standards and calibrations under development at NIST may improve accuracy and reliability in other demanding applications of optical microscopy, such as imaging brain cells and mapping neural connections. For these endeavors, researchers also seek to determine accurate positions of the objects under study across an entire microscope image. In addition, scientists may need to coordinate position data from different instruments at different temperatures, as is true for quantum-dot devices.
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Using 'time travel' to think about technology from the perspective of future generations | ScienceDaily
The world approaches an environmental tipping point, and our decisions now regarding energy, resources, and the environment will have profound consequences for the future. Despite this, most sustainable thought tends to be limited to the viewpoint of current generations.


						
In a study published in Technological Forecasting and Social Change, researchers from Osaka University have revealed that adopting the perspective of "imaginary future generations" (IFGs) can yield fascinating insights into long-term social and technological trends.

The researchers organized a series of four workshops at Osaka University, with participants drawn from the faculty and student body of the Graduate School of Engineering. The workshops discussed the state of future society and manufacturing in general, and also looked at one technology in particular: hydrothermally produced porous glass. During the workshops, the participants were asked to think about this technology from the perspective of IFGs, to imagine how this technology might be adopted in the future and to assess its future potentiality.

"We chose hydrothermally produced porous glass for the case study because of the generational trade-offs involved," says lead author of the study Keishiro Hara. "Porous glass is incredibly useful as either a filter for removing impurities or an insulator for buildings. Also, it can be recycled into new porous glass more or less indefinitely. The problem is that making it takes a lot of energy -- both to pulverize waste glass and to heat water to very high temperatures. There's a striking trade-off between costs now and gains in the future."

In the workshops, the participants first looked at issues involving society and manufacturing from the perspective of the present and were then asked to imagine themselves in the shoes of their counterparts in 2040.

"The future the participants imagined was quite different from the future as seen from the perspective of the current generation," explains Toshihiro Tanaka, senior author. "Most groups described a future in which sustainability has become a central concern for society. Meanwhile, advances in renewal energy mean that energy is abundant, as are resources, as frontiers such as the moon and deep ocean are opened to exploration. In this context, hydrothermally produced porous glass comes into its own as a sustainable way to recycle glass, and the energy needed to produce it is readily available."

The participants were surveyed between workshops and asked to rank indicators related to the future potentiality of the technology. Interestingly, these rankings looked quite different after the workshops in which the participants were asked to take on the perspective of "imaginary future generations."

"We noticed that when the "imaginary future generations" method, which has been proven to be effective in facilitating long-term thinking, was adopted, participants perceived the feasibility of this technology differently, and their adoption scenarios changed accordingly," says Hara.

The study suggests that the simple act of putting ourselves in the position of future generations may provide new perspectives on issues of sustainability and technology, helping us to rethink our priorities and set new directions for research and development.
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New method to measure entropy production on the nanoscale | ScienceDaily
Entropy, the amount of molecular disorder, is produced in several systems but cannot be measured directly. An equation developed by researchers at Chalmers University of Technology and Heinrich Heine University Dusseldorf, now sheds new light on how entropy is produced on a very short time scale in laser excited materials.


						
"New computational models give us new research opportunities. Extending thermodynamics for ultrashort excitations will provide novel insights into how materials function on the nanoscale," says Matthias Geilhufe, Assistant Professor at the Department of Physics at Chalmers University of Technology.

Entropy is a measure of irreversibility and disorder and is central in thermodynamics. Two centuries ago, it was part of a conceptual breakthrough, building the theoretical framework for machines, fundamental for the industrial revolution. Today, we are seeing advances in new areas of nano and quantum devices, but still, entropy is a pivotal concept.

"A system usually wants to evolve to a state with large disorder, i.e. maximum entropy. It can be compared to a sugar cube dissolving in a glass. While the sugar dissolves, the system composed of water and sugar slowly increases its entropy. The reverse process -- a spontaneous formation of a sugar cube -- is never observed," says Matthias Geilhufe.

A computational model for entropy

"If we turn to how entropy is formed in devices, they all need to be turned on and off, or need to move something from A to B. As a consequence, entropy is produced. In some cases, we would like to minimize the entropy production, for example to avoid information loss," says Matthias Geilhufe.

While entropy has become a well-established concept, it cannot be measured directly. However, Matthias Geilhufe together with researchers Lorenzo Caprini and Hartmut Lowen at Heinrich Heine University Dusseldorf, have developed a computational model to measure entropy production on a very short time scale in laser excited crystalline materials. Their research was recently published in an article in Nature Communications.




Phonons in crystalline materials can produce entropy

Crystalline materials are essential for various technologies that transfer and store information over short periods, such as semiconductors in computers or magnetic storage spaces. These materials are made up of a regular crystalline lattice, whereby atoms arrange in repeating patterns. Laser light can shake the atoms into a collective motion which physicists call phonons. Astonishingly, phonons often behave as if they were a particle. They are called quasiparticles, to distinguish them from actual particles like electrons or ions.

What the researchers have now discovered, is that the phonons -- the lattice vibrations in the crystalline materials -- can produce entropy in the same way as bacteria in water as shown by previous research in biological physics by Caprini and Lowen. By the very nature of the phonon being a quasiparticle in a crystal it can be shown that the same mathematical pattern holds as for their biological counterparts in water. This insight precisely determines the entropy and heat production in laser excited materials and allows us to understand or even change their properties on demand.

New perspectives on ultrafast materials

The researchers' computational model can also be applied to other types of material excitations and thus opens a new perspective in the field of research on ultrafast materials.

"In the long run, this knowledge can be useful for tailoring future technologies, or lead to new scientific findings," says Matthias Geilhufe.
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Silicon spikes take out 96% of virus particles | ScienceDaily
An international research team led by RMIT University has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.


						
The surface made of silicon is covered in tiny nanospikes that skewer viruses on contact.

Lab tests with the hPIV-3 virus -- which causes bronchitis, pneumonia and croup -- showed 96% of the viruses were either ripped apart or damaged to the point where they could no longer replicate to cause infection.

These impressive results, featured on the cover of top nanoscience journal ACS Nano, show the material's promise for helping control the transmission of potentially dangerous biological material in laboratories and healthcare environments.

Spike the viruses to kill them 

Corresponding author Dr Natalie Borg, from RMIT's School of Health and Biomedical Sciences, said this seemingly unsophisticated concept of skewering the virus required considerable technical expertise.

"Our virus-killing surface looks like a flat black mirror to the naked eye but actually has tiny spikes designed specifically to kill viruses," she said.




"This material can be incorporated into commonly touched devices and surfaces to prevent viral spread and reduce the use of disinfectants."

The nano spiked surfaces were manufactured at the Melbourne Centre for Nanofabrication, starting with a smooth silicon wafer, which is bombarded with ions to strategically remove material.

The result is a surface full of needles that are 2 nanometers thick -- 30,000 times thinner than a human hair -- and 290 nanometers high.

Specialists in antimicrobial surfaces 

The team led by RMIT Distinguished Professor Elena Ivanova has years of experience studying mechanical methods for controlling pathogenic microorganisms inspired by the world of nature: the wings of insects such as dragonflies or cicadas have a nanoscale spiked structure that can pierce bacteria and fungi.

In this case, however, viruses are an order of magnitude smaller than bacteria so the needles must be correspondingly smaller if they are to have any effect on them.




The process by which viruses lose their infectious ability when they contact the nanostructured surface was analysed in theoretical and practical terms by the research team.

Researchers at Spain's Universitat Rovira i Virgili (URV), Dr Vladimir Baulin and Dr Vassil Tzanov, computer simulated the interactions between the viruses and the needles.

RMIT researchers carried out a practical experimental analysis, exposing the virus to the nanostructured surface and observing the results at RMIT's Microscopy and Microanalysis Facility.

The findings show the spike design to be extremely effective at damaging the virus' external structure and piercing its membranes, incapacitating 96% of viruses that came into contact with the surface within six hours.

Study first author, Samson Mah, who completed the work under an RMIT-CSIRO Masters by Research Scholarship and has now progressed to working on his PhD research with the team, said he was inspired by the practical potential of the research.

"Implementing this cutting-edge technology in high-risk environments like laboratories or healthcare facilities, where exposure to hazardous biological materials is a concern, could significantly bolster containment measures against infectious diseases," he said.

"By doing so, we aim to create safer environments for researchers, healthcare professionals, and patients alike."

The project was a truly interdisciplinary and multi-institutional collaboration carried out over two years, involving researchers from RMIT, URV (Spain), CSIRO, Swinburne University, Monash University and the Kaiteki Institute (Japan).

This study was supported by the ARC Research Hub for Australian Steel Manufacturing and by the ARC Industrial Transformational Training Centre in Surface Engineering for Advanced Materials.
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Tiniest 'starquake' ever detected | ScienceDaily
An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.


						
Named Epsilon Indi, the star is the smallest and coolest dwarf star yet observed with solar-like oscillations -- "starquakes" like those shown by the Sun. These oscillations provide indirect glimpses of stellar interiors -- just as earthquakes tell us about Earth's interior -- and so are important sources of information about the makeup of the star.

The measurements were taken by an international team, led by the Institute of Astrophysics and Space Sciences in Portugal, and including researchers from the University of Birmingham. The study is published in Astronomy and Astrophysics Letters.

The quakes were detected using a technique dubbed asteroseismology, which measures oscillations in stars. Using the ESPRESSO spectrograph, mounted at the European Southern Observatory's (ESO) Very Large Telescope (VLT), the team was able to record the oscillations with unprecedented precision.

Lead author Tiago Campante, of the Institute of Astrophysics and Space Sciences at the University of Porto, said: "The extreme precision level of these observations is an outstanding technological achievement. Importantly, this detection conclusively shows that precise asteroseismology is possible down to cool dwarfs with surface temperatures as low as 4200 degrees Celsius, about 1000 degrees cooler than the Sun's surface, effectively opening up a new domain in observational astrophysics."

Orange dwarf stars have recently become a focus in the search for habitable planets and extraterrestrial life. Professor Bill Chaplin, Head of the School of Physics & Astronomy at Birmingham, and a member of the team, said: "The mismatch between the predicted and observed sizes of these stars has implications for finding planets around them. If we use the most successful planet-finding technique -- the so-called transit method -- we get the size of the planet relative to the size of the star; if we don't size-up the star correctly, the same will be true of any small planet we have found." The detection of oscillations will help to understand and minimise these discrepancies, and improve the theoretical models of stars.

The detection of starquakes in Epsilon Indi will now inform plans to use the upcoming European Space Agency's (ESA) PLATO Mission, scheduled to be launched in 2026, to detect oscillations in many more orange dwarfs. PLATO will also be searching for planets around these stars. Birmingham has responsibility for the design and delivery of much of the asteroseismology pipeline for PLATO, the results of which will be used by thousands of researchers around the world.
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Mathematical innovations enable advances in seismic activity detection | ScienceDaily
Amidst the unique landscape of geothermal development in the Tohoku region, subtle seismic activities beneath the Earth's surface present a fascinating challenge for researchers. While earthquake warnings may intermittently alert us to seismic events, there exist numerous smaller quakes that have long intrigued resource engineers striving to detect and understand them.


						
Mathematical innovations from Tohoku University researchers are advancing detection of more types -- and fainter forms -- of seismic waves, paving the way for more effective earthquake monitoring and risk assessment.

The results of their study were published in IEEE Transactions on Geoscience and Remote Sensing on January 15, 2024.

Collection of seismic data relies on the number and positioning of sensors called seismometers. Especially where only limited deployment of seismic sensors is possible, such as in challenging environments like the planet Mars or when conducting long-term monitoring of captured and stored carbon, optimizing data extraction from each and every sensor becomes crucial. One promising method for doing so is polarization analysis, which involves studying 3-D particle motion and has garnered attention for its ability to leverage three-component data, offering more information than one-component data. This approach enables the detection and identification of various polarized seismic waveforms, including S-waves, P-waves and others.

Polarization analysis using a spectral matrix (SPM) in particular is a technique used to analyze the way particles move in three dimensions over time and at different frequencies, in other words, in the time-frequency domain. However, in scenarios where the desired signal is weak compared to background noise -- known as low signal-to-noise ratio (SNR) events, which are typical in underground reservoirs -- SPM analysis faces limitations. Due to mathematical constraints, it can only characterize linear particle motion (meaning the fast-moving, easy-to-detect P-waves), making the analysis of other waveforms (such as the secondary arriving S-waves) challenging.

"We overcame the technical challenges of conventional SPM analysis and expanded it for broader polarization realization by introducing time-delay components," said Yusuke Mukuhira, an assistant professor at the Institute of Fluid Science of Tohoku University and lead author of the study.

Compared to existing techniques, his team's incorporation of time-delay components enhanced the accuracy of SPM analysis, enabling the characterization of various polarized waves, including S-waves, and the detection of low-SNR events with smaller amplitudes.




A key innovation in the study is the introduction of a new weighting function based on the phase information of the first eigenvector -- a special vector that, when multiplied by the matrix, results in a scaled version of the original vector. The purpose of the weighting function is to assign different levels of importance to different parts of signals according to their significance, thereby reducing false alarms. Synthetic waveform tests showed that this addition significantly improved the evaluation of seismic wave polarization, a crucial factor in distinguishing signal from noise.

"Technically, we have developed a signal processing technique that improves particle motion analysis in the time and frequency domain," Mukuhira said.

The research team validated their methodology using real-world data recorded at the Groningen gas field in the Netherlands. The results showcased superior seismic motion detection performance, bringing to light two low-SNR events that had previously gone unnoticed by conventional methods.

These findings hold the potential for applications across various fields, including seismology and geophysics, particularly in monitoring underground conditions with limited observation points. The implications extend to earthquake monitoring, planetary exploration and resource development.
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Scientists on the hunt for evidence of quantum gravity's existence at the South Pole | ScienceDaily
University of Copenhagen team contributes to an Antarctic large-scale experiment striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.


						
Several thousand sensors distributed over a square kilometer near the South Pole are tasked with answering one of the large outstanding questions in physics: does quantum gravity exist? The sensors monitor neutrinos -- particles with no electrical charge and almost without mass -- arriving at the Earth from outer space. A team from the Niels Bohr Institute (NBI), University of Copenhagen, have contributed to developing the method which exploits neutrino data to reveal if quantum gravity exists.

"If as we believe, quantum gravity does indeed exist, this will contribute to unite the current two worlds in physics. Today, classical physics describes the phenomena in our normal surroundings such as gravity, while the atomic world can only be described using quantum mechanics. The unification of quantum theory and gravitation remains one of the most outstanding challenges in fundamental physics. It would be very satisfying if we could contribute to that end," says Tom Stuttard, Assistant Professor at NBI.

Tom Stuttard is co-author of a scientific article recently published by the journal Nature Physics. The article presents results from a large study by the NBI team and American colleagues. More than 300,000 neutrinos have been studied. However, these are not neutrinos of the most interesting type originating from sources in deep space. The neutrinos in this study were created in the Earth's atmosphere, as high-energy particles from space collided with Nitrogen or other molecules.

"Looking at neutrinos originating from the Earth's atmosphere has the practical advantage that they are by far more common than their siblings from outer space. We needed data from many neutrinos to validate our methodology. This has been accomplished now. Thus, we are ready to enter the next phase in which we will study neutrinos from deep space," says Tom Stuttard.

Travelling undisturbed through the Earth

The IceCube Neutrino Observatory is situated next to the Amundsen-Scott South Pole Station in Antarctica. In contrast to most other astronomy and astrophysics facilities, IceCube works the best for observing space at the opposite side of the Earth, meaning the Northern hemisphere. This is because while the neutrino is perfectly capable of penetrating our planet -- and even its hot, dense core -- other particles will be stopped, and the signal is thus much cleaner for neutrinos coming from the Northern hemisphere.




The IceCube facility is operated by the University of Wisconsin-Madison, USA. More than 300 scientists from countries around the world are engaged in the IceCube collaboration. University of Copenhagen is one of more than 50 universities having an IceCube center for neutrino studies.

Since the neutrino has no electrical charge and is nearly massless, it is undisturbed by electromagnetic and strong nuclear forces, allowing it to travel billions of lightyears through the Universe in its original state.

The key question is whether the properties of the neutrino are in fact completely unchanged as it travels over large distances or if tiny changes are notable after all.

"If the neutrino undergoes the subtle changes that we suspect, this would be the first strong evidence of quantum gravity," says Tom Stuttard.

The neutrino comes in three flavors

To understand which changes in neutrino properties the team is looking for, some background information is called for. While we refer to it as a particle, what we observe as a neutrino is really three particles produced together, known in quantum mechanics as superposition. The neutrino can have three fundamental configurations -- flavors as they are termed by the physicists -- which are electron, muon, and tau. Which of these configurations we observe changes as the neutrino travels, a truly strange phenomenon known as neutrino oscillations. This quantum behavior is maintained over thousands of kilometers or more, which is referred to as quantum coherence.




"In most experiments, the coherence is soon broken. But this is not believed to be caused by quantum gravity. It is just very difficult to create perfect conditions in a lab. You want perfect vacuum, but somehow a few molecules manage to sneak in etc. In contrast, neutrinos are special in that they are simply not affected by matter around them, so we know that if coherence is broken it will not be due to shortcomings in the human-made experimental setup," Tom Stuttard explains.

Many colleagues were sceptical

Asked whether the results of the study published in Nature Physics were as expected, the researcher replies:

"We find ourselves in a rare category of science projects, namely experiments for which no established theoretical framework exists. Thus, we just did not know what to expect. However, we knew that we could search for some of the general properties we might expect a quantum theory of gravity to have."

"Whilst we did have hopes of seeing changes related to quantum gravity, the fact that we didn't see them does not exclude at all that they are real. When an atmospheric neutrino is detected at the Antarctic facility, it will typically have travelled through the Earth. Meaning approximately 12,700 km -- a very short distance compared to neutrinos originating in the distant Universe. Apparently, a much longer distance is needed for quantum gravity to make an impact, if it exists," says Tom Stuttard, noting that the top goal of the study was to establish the methodology:

"For years, many physicists doubted whether experiments could ever hope to test quantum gravity. Our analysis shows that it is indeed possible, and with future measurements with astrophysical neutrinos, as well as more precise detectors being built in the coming decade, we hope to finally answer this fundamental question."
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Research lights up process for turning CO2 into sustainable fuel | ScienceDaily

An international team of researchers from the University of Nottingham's School of Chemistry, University of Birmingham, University of Queensland and University of Ulm have designed a material, made up of copper anchored on nanocrystalline carbon nitride. The copper atoms are nested within the nanocrystalline structure, which allows electrons to move from carbon nitride to CO2, an essential step in the production of methanol from CO2 under the influence of solar irradiation. The research has been published in the Sustainable Energy & Fuels Journal of the Royal Society of Chemistry.

In photocatalysis, light is shone on a semiconductor material that excites electrons, enabling them to travel through the material to react with CO2 and water, leading to a variety of useful products, including methanol, which is a green fuel. Despite recent progress, this process suffers from a lack of efficiency and selectivity.

Carbon dioxide is the greatest contributor to global warming. Although, it is possible to convert CO2 to useful products, traditional thermal methods rely on hydrogen sourced from fossil fuels. It is important to develop alternative methods based on photo- and electrocatalysis, taking advantage of the sustainable solar energy and abundance of omnipresent water.

Dr Madasamy Thangamuthu, a research fellow in the School of Chemistry, University of Nottingham, who co-led the research team, said: "There is a large variety of different materials used in photocatalysis. It is important that the photocatalyst absorbs light and separates charge carriers with high efficiency. In our approach, we control the material at the nanoscale. We developed a new form of carbon nitride with crystalline nanoscale domains that allow efficient interaction with light as well as sufficient charge separation."

The researchers devised a process of heating carbon nitride to the required degree of crystallinity, maximising the functional properties of this material for photocatalysis. Using magnetron sputtering, they deposited atomic copper in a solventless process, allowing intimate contact between the semiconductor and metal atoms.

Tara LeMercier, a PhD student who carried out the experimental work at the University of Nottingham, School of Chemistry, said: "We measured the current generated by light and used it as a criterion to judge the quality of the catalyst. Even without copper, the new form of carbon nitride is 44 times more active than traditional carbon nitride. However, to our surprise, the addition of only 1 mg of copper per 1 g of carbon nitride quadrupled this efficiency. Most importantly the selectivity changed from methane, another greenhouse gas, to methanol, a valuable green fuel."

Professor Andrei Khlobystov, School of Chemistry, University of Nottingham, said: "Carbon dioxide valorisation holds the key for achieving the net-zero ambition of the UK. It is vitally important to ensure the sustainability of our catalyst materials for this important reaction. A big advantage of the new catalyst is that it consists of sustainable elements -- carbon, nitrogen and copper -- all highly abundant on our planet."




This invention represents a significant step towards a deep understanding of photocatalytic materials in CO2conversion. It opens a pathway for creating highly selective and tuneable catalysts where the desired product could be dialled up by controlling the catalyst at the nanoscale.

This work is funded by the EPSRC Programme Grant 'Metal atoms on surfaces and interfaces (MASI) for sustainable future' which is set to develop catalyst materials for the conversion of three key molecules -- carbon dioxide, hydrogen and ammonia -- crucially important for economy and environment. MASI catalysts are made in an atom-efficient way to ensure sustainable use of chemical elements without depleting supplies of rare elements and making most of the earth's abundant elements, such as carbon and base metals.

The University of Nottingham is dedicated to championing green and sustainable technologies. The Zero Carbon Cluster has been set in the East Midlands to accelerate the development and deployment of innovation in green industries and advanced manufacturing.
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Engineering household robots to have a little common sense | ScienceDaily
From wiping up spills to serving up food, robots are being taught to carry out increasingly complicated household tasks. Many such home-bot trainees are learning through imitation; they are programmed to copy the motions that a human physically guides them through.


						
It turns out that robots are excellent mimics. But unless engineers also program them to adjust to every possible bump and nudge, robots don't necessarily know how to handle these situations, short of starting their task from the top.

Now MIT engineers are aiming to give robots a bit of common sense when faced with situations that push them off their trained path. They've developed a method that connects robot motion data with the "common sense knowledge" of large language models, or LLMs.

Their approach enables a robot to logically parse many given household task into subtasks, and to physically adjust to disruptions within a subtask so that the robot can move on without having to go back and start a task from scratch -- and without engineers having to explicitly program fixes for every possible failure along the way.

"Imitation learning is a mainstream approach enabling household robots. But if a robot is blindly mimicking a human's motion trajectories, tiny errors can accumulate and eventually derail the rest of the execution," says Yanwei Wang, a graduate student in MIT's Department of Electrical Engineering and Computer Science (EECS). "With our method, a robot can self-correct execution errors and improve overall task success."

Wang and his colleagues detail their new approach in a study they will present at the International Conference on Learning Representations (ICLR) in May. The study's co-authors include EECS graduate students Tsun-Hsuan Wang and Jiayuan Mao, Michael Hagenow, a postdoc in MIT's Department of Aeronautics and Astronautics (AeroAstro), and Julie Shah, the H.N. Slater Professor in Aeronautics and Astronautics at MIT.

Language task

The researchers illustrate their new approach with a simple chore: scooping marbles from one bowl and pouring them into another. To accomplish this task, engineers would typically move a robot through the motions of scooping and pouring -- all in one fluid trajectory. They might do this multiple times, to give the robot a number of human demonstrations to mimic.




"But the human demonstration is one long, continuous trajectory," Wang says.

The team realized that, while a human might demonstrate a single task in one go, that task depends on a sequence of subtasks, or trajectories. For instance, the robot has to first reach into a bowl before it can scoop, and it must scoop up marbles before moving to the empty bowl, and so forth. If a robot is pushed or nudged to make a mistake during any of these subtasks, its only recourse is to stop and start from the beginning, unless engineers were to explicitly label each subtask and program or collect new demonstrations for the robot to recover from the said failure, to enable a robot to self-correct in the moment.

"That level of planning is very tedious," Wang says.

Instead, he and his colleagues found some of this work could be done automatically by LLMs. These deep learning models process immense libraries of text, which they use to establish connections between words, sentences, and paragraphs. Through these connections, an LLM can then generate new sentences based on what it has learned about the kind of word that is likely to follow the last.

For their part, the researchers found that in addition to sentences and paragraphs, an LLM can be prompted to produce a logical list of subtasks that would be involved in a given task. For instance, if queried to list the actions involved in scooping marbles from one bowl into another, an LLM might produce a sequence of verbs such as "reach," "scoop," "transport," and "pour."

"LLMs have a way to tell you how to do each step of a task, in natural language. A human's continuous demonstration is the embodiment of those steps, in physical space," Wang says. "And we wanted to connect the two, so that a robot would automatically know what stage it is in a task, and be able to replan and recover on its own."

Mapping marbles




For their new approach, the team developed an algorithm to automatically connect an LLM's natural language label for a particular subtask with a robot's position in physical space or an image that encodes the robot state. Mapping a robot's physical coordinates, or an image of the robot state, to a natural language label is known as "grounding." The team's new algorithm is designed to learn a grounding "classifier," meaning that it learns to automatically identify what semantic subtask a robot is in -- for example, "reach" versus "scoop" -- given its physical coordinates or an image view.

"The grounding classifier facilitates this dialogue between what the robot is doing in the physical space and what the LLM knows about the subtasks, and the constraints you have to pay attention to within each subtask," Wang explains.

The team demonstrated the approach in experiments with a robotic arm that they trained on a marble-scooping task. Experimenters trained the robot by physically guiding it through the task of first reaching into a bowl, scooping up marbles, transporting them over an empty bowl, and pouring them in. After a few demonstrations, the team then used a pretrained LLM and asked the model to list the steps involved in scooping marbles from one bowl to another. The researchers then used their new algorithm to connect the LLM's defined subtasks with the robot's motion trajectory data. The algorithm automatically learned to map the robot's physical coordinates in the trajectories and the corresponding image view to a given subtask.

The team then let the robot carry out the scooping task on its own, using the newly learned grounding classifiers. As the robot moved through the steps of the task, the experimenters pushed and nudged the bot off its path, and knocked marbles off its spoon at various points. Rather than stop and start from the beginning again, or continue blindly with no marbles on its spoon, the bot was able to self-correct, and completed each subtask before moving on to the next. (For instance, it would make sure that it successfully scooped marbles before transporting them to the empty bowl.)

"With our method, when the robot is making mistakes, we don't need to ask humans to program or give extra demonstrations of how to recover from failures," Wang says. "That's super exciting because there's a huge effort now toward training household robots with data collected on teleoperation systems. Our algorithm can now convert that training data into robust robot behavior that can do complex tasks, despite external perturbations."
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GPT-4 for identifying cell types in single cells matches and sometimes outperforms expert methods | ScienceDaily
GPT-4 can accurately interpret types of cells important for the analysis of single-cell RNA sequencing -- a sequencing process fundamental to interpreting cell types -- with high consistency to that of time-consuming manual annotation by human experts of gene information, according to a study at Columbia University Mailman School of Public Health. The findings are published in the journal Nature Methods.


						
GPT-4 is a large language model designed for speech understanding and generation. Upon assessment across numerous tissue and cell types, GPT-4 has demonstrated the ability to produce cell type annotations that closely align with manual annotations of human experts and surpass existing automatic algorithms. This feature has the potential to significantly lessen the amount of effort and expertise needed for annotating cell types, a process that can take months. Moreover, the researchers have developed GPTCelltype, an R software package, to facilitate the automated annotation of cell types using GPT-4.

"The process of annotating cell types for single cells is often time-consuming, requiring human experts to compare genes across cell clusters," said Wenpin Hou, PhD, assistant professor of Biostatistics at Columbia Mailman School. "Although automated cell type annotation methods have been developed, manual methods to interpret scientific data remain widely used, and such a process can take weeks to months. We hypothesized that GPT-4 can accurately annotate cell types, transitioning the process from manual to a semi- or even fully automated procedure and be cost-efficient and seamless."

The researchers assessed GPT-4's performance across ten datasets covering five species, hundreds of tissue and cell types, and including both normal and cancer samples. GPT-4 was queried using GPTCelltype, the software tool developed by the researchers. For competing purposes, they also evaluated other GPT versions and manual methods as a reference tool.

As a first step, the researchers first explored the various factors that may affect the annotation accuracy of GPT-4. They found that GPT-4 performs best when using the top 10 different genes and exhibits similar accuracy across various prompt strategies, including a basic prompt strategy, a chain-of-thought-inspired prompt strategy that includes reasoning steps, and a repeated prompt strategy. GPT-4 matched manual analyses in over 75 percent of cell types in most studies and tissues demonstrating its competency in generating expert-comparable cell type annotations. In addition, the low agreement between GPT-4 and manual annotations in some cell types does not necessarily imply that GPT-4's annotation is incorrect. In an example of stromal or connective tissue cells, GPT-4 provides more accurate cell type annotations. GPT-4 was also notably faster.

Hou and her colleague also assessed GPT-4's robustness in complex real data scenarios and found that GPT-4 can distinguish between pure and mixed cell types with 93 percent accuracy, and differentiated between known and unknown cell types with 99 percent accuracy. They also evaluated the performance of reproducing GPT-4's methods using prior simulation studies. GPT-4 generated identical notations for the same marker genes in 85 percent of cases. "All of these results demonstrate GPT-4's robustness in various scenarios," observed Hou.

While GPT-4 surpasses existing methods, there are limitations to consider, according to Hou, including the challenges for verifying GPT-4's quality and reliability because it discloses little about its training proceedings.

"Since our study focuses on the standard version of GPT-4, fine-tuning GPT-4 could further improve cell type annotation performance," said Hou.

Zhicheng Ji of Duke University School of Medicine is a co-author.

The study was supported by the National Institutes of Health, grant U54AG075936 and R35GM150887.
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Pairing crypto mining with green hydrogen offers clean energy boost | ScienceDaily
Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new Cornell University study.


						
"Since current cryptocurrency operations now contribute heavily to worldwide carbon emissions, it becomes vital to explore opportunities for harnessing the widespread enthusiasm for cryptocurrency as we move toward a sustainable and a climate-friendly future," said Fengqi You, professor of energy systems engineering at Cornell.

You and doctoral student Apoorv Lal are authors of "Climate Sustainability Through a Dynamic Duo: Green Hydrogen and Crypto Driving Energy Transition and Decarbonization," which published March 25 in the Proceedings of the National Academy of Sciences.

Their research shows how linking the use of energy-intensive cryptocurrency mining with green hydrogen technology -- the "dynamic duo," they call it -- can boost renewable energy sectors.

"Building a green hydrogen infrastructure to help produce cryptocurrency can accelerate renewable energy and create a more sustainable energy landscape," Lal said.

Using clean energy sources to power blockchain mining operations and fuel the production of green hydrogen can lead to growing wind and solar capacity -- and expand sustainable energy production across the country, the researchers said.

In its current structure, mining blockchain-based cryptocurrency in the U.S. can use as much carbon-based energy as the entire country of Argentina, according to a 2022 White House Office of Science and Technology report. Nearly all domestic crypto-mining electricity is driven by computer power-hungry consensus mechanisms, known as "proof of work," which is used to verify crypto-assets.




Preliminary estimates by the U.S. Energy Information Administration suggest that 2023 annual electricity consumption for cryptocurrency mining likely represents from 0.6% to 2.3% of all U.S. electricity consumption.

"Acknowledging the substantial energy demands of cryptocurrency mining, our research proposes an innovative technology solution," You said. "By leveraging cryptocurrencies as virtual energy carriers in tandem with using green hydrogen, we can transform what was once an environmental challenge into a dynamic force for climate mitigation and sustainability."

In their research, You and Lal examined individual U.S. states to assess potential energy strengths in each region.

Supporting cryptocurrency can hasten the building of extra energy infrastructure and potentially create 78.4 megawatt hours of solar power for each Bitcoin mined in New Mexico, for example, and potentially 265.8 megawatt hours of wind power for each Bitcoin mined in Wyoming, according to the paper.

"While cryptocurrency currently has a high dollar value (Bitcoin traded for more than $73,000 on March 13,) you cannot hold it in your hand," You said. "It's virtual. Think of cryptocurrency and energy in the same way -- much like a gift-card concept. Cryptocurrency also can hold an energy value and that becomes an additional function."

To advance a sustainable future for blockchain-based cryptocurrency, the researchers said, stronger federal policies for climate goals and renewable energy need to advance.

"Coupled with green hydrogen, this approach to cryptocurrency not only mitigates its own environmental impact, but pioneers a sustainable path for renewable energy transition," You said. "It's a novel strategy."

You is a senior faculty fellow at the Cornell Atkinson Center for Sustainability. Funding for this work was provided by the National Science Foundation.
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With a new experimental technique, engineers probe the mechanisms of landslides and earthquakes | ScienceDaily
Granular materials, those made up of individual pieces, whether grains of sand or coffee beans or pebbles, are the most abundant form of solid matter on Earth. The way these materials move and react to external forces can determine when landslides or earthquakes happen, as well as more mundane events such as how cereal gets clogged coming out of the box. Yet, analyzing the way these flow events take place and what determines their outcomes has been a real challenge, and most research has been confined to two-dimensional experiments that don't reveal the full picture of how these materials behave.


						
Now, researchers at MIT have developed a method that allows for detailed 3D experiments that can reveal exactly how forces are transmitted through granular materials, and how the shapes of the grains can dramatically change the outcomes. The new work may lead to better ways of understanding how landslides are triggered, as well as how to control the flow of granular materials in industrial processes. The findings are described in the journal PNAS in a paper by MIT professor of civil and environmental engineering Ruben Juanes and Wei Li SM '14, PhD '19, who is now on the faculty at Stony Brook University.

From soil and sand to flour and sugar, granular materials are ubiquitous. "It's an everyday item, it's part of our infrastructure," says Li. "When we do space exploration, our space vehicles land on granular material. And the failure of granular media can be catastrophic, such as landslides."

"One major finding of this study is that we provide a microscopic explanation of why a pack of angular particles is stronger than a pack of spheres," Li says.

Juanes adds, "It is always important, at a fundamental level to understand the overall response of the material. And I can see that moving forward, this can provide a new way to make predictions of when a material will fail."

Scientific understanding of these materials really began a few decades ago, Juanes explains, with the invention of a way to model their behavior using two-dimensional discs representing how forces are transmitted through a collection of particles. While this provided important new insights, it also faced severe limitations.

In previous work, Li developed a way of making three-dimensional particles through a squeeze-molding technique that produces plastic particles that are free of residual stresses and can be made in virtually any irregular shape. Now, in this latest research, he and Juanes have applied this method to reveal the internal stresses in a granular material as loads are applied, in a fully three-dimensional system that much more accurately represents real-world granular materials.




These particles are photoelastic, Juanes explains, which means that when under stress, they modify any light passing through them according to the amount of stress. "So, if you shine polarized light through it and you stress the material, you can see where that stress change is taking place visually, in the form of a different color and different brightness in the material."

Such materials have been used for a long time, Juanes says, but "one of the key things that had never been accomplished was the ability to image the stresses of these materials when they are immersed in a fluid, where the fluid can flow through the material itself."

Being able to do so is important, he stresses, because "porous media of interest -- biological porous media, industrial porous media, and geological porous media -- they often contain fluid in their pore spaces, and that fluid will be hydraulically transported through those pore openings. And the two phenomena are coupled: how the stress is transmitted and what the pore fluid pressure is."

The problem was, when using a collection of two-dimensional discs for an experiment, the discs would pack in such a way as to block the fluid completely. Only with a three-dimensional mass of grains would there always be pathways for the fluid to flow through, so that the stresses could be monitored while fluid was moving.

Using this method, they were able to show that "when you compress a granular material, that force is transmitted in the form of what we would call chains, or filaments, that this new technique is able to visualize and depict in three dimensions," Juanes says.

To get that 3D view, they use a combination of the photoelasticity to illuminate the force chains, along with a method called computed tomography, similar to that used in medical CT scans, to reconstruct a full 3D image from a series of 2,400 flat images taken as the object rotates through 360 degrees.




Because the grains are immersed in a fluid that has exactly the same refractive index as the polyurethane grains themselves, the beads are invisible when light shines through their container if they are not under stress. Then, stress is applied, and when polarized light is shone through, that reveals the stresses as light and color, Juanes says. "What's really remarkable and exciting is that we're not imaging the porous medium. We're imaging the forces that are transmitted through the porous medium. This opens up, I think, a new way to interrogate stress changes in granular materials." He adds that "this has really been a dream of mine for many years," and he says it was realized thanks to Li's work on the project.

Using the method, they were able to demonstrate exactly how it is that irregular, angular grains produce a stronger, more stable material than spherical ones. While this was known empirically, the new technique makes it possible to demonstrate exactly why that is, based on the way the forces are distributed, and will make it possible in future work to study a wide variety of grain types to determine exactly what characteristics are most important in producing stable structures, such as the ballast of railroad beds or the riprap on breakwaters.

Because there has been no way to observe the 3D force chains in such materials, Juanes says, "right now it is very difficult to make predictions as to when a landslide will occur precisely, because we don't know about the architecture of the force chains for different materials."

It will take time to develop the method to be able to make such predictions, Li says, but that ultimately could be a significant contribution of this new technique. And many other applications of the method are also possible, even in areas as seemingly unrelated as how fish eggs respond as the fish carrying them moves through the water, or in helping to design new kinds of robotic grippers that can easily adapt to picking up objects of any shape.

The work was supported by the U.S. National Science Foundation.
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Pushing back the limits of optical imaging by processing trillions of frames per second | ScienceDaily
Pushing for a higher speed isn't just for athletes. Researchers, too, can achieve such feats with their discoveries. This is the case for Jinyang Liang, Professor at the Institut national de la recherche scientifique (INRS), and his team, whose research results have recently been published in Nature Communications.


						
The group based at INRS' Energie Materiaux Telecommunications Research Centre has developed a new ultrafast camera system that can capture up to 156.3 trillion frames per second with astonishing precision. For the first time, 2D optical imaging of ultrafast demagnetization in a single shot is possible. This new device called SCARF (for swept-coded aperture real-time femtophotography) can capture transient absorption in a semiconductor and ultrafast demagnetization of a metal alloy. This new method will help push forward the frontiers of knowledge in a wide range of fields, including modern physics, biology, chemistry, materials science, and engineering.

Improving on past advances

Professor Liang is known around the world as a pioneer of ultrafast imaging. Already, in 2018, he was the principal developer of a major breakthrough in the field, which laid the groundwork for the development of SCARF.

Until now, ultrafast camera systems have mainly used an approach involving sequentially capturing frames one by one. They would acquire data through brief, repeated measurements, then put everything together to create a movie that reconstructed the observed movement.

"However, this approach can only be applied to inert samples or to phenomena that happen the exact same way each time. Fragile samples, not to mention non-repeatable phenomena or phenomena with ultrafast speeds, cannot be observed with this method."

Professor Jinyang Liang, expert in ultra-fast and biophotonic imaging said, "For example, phenomena such as femtosecond laser ablation, shock-wave interaction with living cells, and optical chaos cannot be studied this way."

The first tool developed by Professor Liang helped fill this gap. The T-CUP (Trillion-frame-per-second compressed ultrafast photography) system was based on passive femtosecond imaging capable of acquiring ten trillion (1013) frames per second. This was a major first step towards ultrafast, single-shot real-time imaging.




Yet challenges still remained.

"Many systems based on compressed ultrafast photography have to cope with degraded data quality and have to trade the sequence depth of the field of view. These limitations are attributable to the operating principle, which requires simultaneously shearing the scene and the coded aperture."

Miguel Marquez, postdoctoral fellow and co-first author of the study said, "SCARF overcomes these challenges. Its imaging modality enables ultrafast sweeping of a static coded aperture while not shearing the ultrafast phenomenon. This provides full-sequence encoding rates of up to 156.3 THz to individual pixels on a camera with a charge-coupled device (CCD). These results can be obtained in a single shot at tunable frame rates and spatial scales in both reflection and transmission modes."

A range of applications

SCARF makes it possible to observe unique phenomena that are ultrafast, non-repeatable, or difficult to reproduce, such as shock wave mechanics in living cells or matter. These advances could potentially be used to develop better pharmaceutics and medical treatments.

What's more, SCARF promises very appealing economic spin-offs. Two companies, Axis Photonique and Few-Cycle, are already working with Professor Liang's team to produce a marketable version of their patent-pending discovery. This represents a great opportunity for Quebec to strengthen its already enviable position as a leader in photonics.

The work was carried out in the Advanced Laser Light Source (ALLS) Laboratory in collaboration with Professor Francois Legare, Director of the Energie Materiaux Telecommunications Research Centre, and international colleagues Michel Hehn, Stephane Mangin and Gregory Malinowski of the Institut Jean Lamour at the Universite de Lorraine (France) and Zhengyan Li of Huazhong University of Science and Technology (China).

This research was funded by the Natural Sciences and Engineering Research Council of Canada, the Canada Research Chairs Program, the Canada Foundation for Innovation, the Ministere de l'Economie et de l'Innovation du Quebec, the Canadian Cancer Society, the Government of Canada's New Frontiers in Research Fund, as well as the Fonds de recherche du Quebec-Nature et Technologies and the Fonds de recherche du Quebec -Sante.
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Scientists deliver quantum algorithm to develop new materials and chemistry | ScienceDaily
U.S. Naval Research Laboratory (NRL) scientists published the Cascaded Variational Quantum Eigensolver (CVQE) algorithm in a recent Physical Review Research article, expected to become a powerful tool to investigate the physical properties in electronic systems.


						
The CVQE algorithm is a variant of the Variational Quantum Eigensolver (VQE) algorithm that only requires the execution of a set of quantum circuits once rather than at every iteration during the parameter optimization process, thereby increasing the computational throughput.

"Both algorithms produce a quantum state close to the ground state of a system, which is used to determine many of the system's physical properties," said John Stenger, Ph.D., a Theoretical Chemistry Section research physicist. "Calculations that previously took months can now be performed in hours."

The CVQE algorithm uses a quantum computer to probe the needed probability mass functions and a classical computer to perform the remaining calculations, including the energy minimization.

"Finding the minimum energy is computationally hard as the size of the state space grows exponentially with the system size," said Steve Hellberg, Ph.D., a Theory of Advanced Functional Materials Section research physicist. "Except for very small systems, even the world's most powerful supercomputers are unable to find the exact ground state."

To address this challenge, scientists use a quantum computer with a qubit register, whose state space also increases exponentially, in this case with qubits. By representing the states of a physical system on the state space of the register, a quantum computer can be used to simulate the states in the exponentially large representation space of the system.

Data can subsequently be extracted by quantum measurements. As quantum measurements are not deterministic, the quantum circuit executions must be repeated multiple times to estimate probability distributions describing the states, a process known as sampling. Variational quantum algorithms, including the CVQE algorithm, identify trial states by a set of parameters that are optimized to minimize the energy.

"The key difference between the original VQE method and the new CVQE method is that the sampling and optimization processes have been decoupled in the latter such that the sampling can be performed exclusively on the quantum computer and the parameters processed exclusively on a classical computer," said Dan Gunlycke, D.Phil., Theoretical Chemistry Section Head, who also leads the NRL quantum computing effort. "The new approach also has other benefits. The form of the solution space does not have to comport with the symmetry requirements of the qubit register, and therefore, it is much easier to shape the solution space and implement symmetries of the system and other physically motivated constraints, which will ultimately lead to more accurate predictions of electronic system properties."

Quantum computing is a component of quantum science, which has been designated as a Critical Technology Area within the USD(R&E) Technology Vision for an Era of Competition by the Under Secretary of Defense for Research and Engineering Heidi Shyu.

"Understanding the properties of quantum-mechanical systems is essential in the development of new materials and chemistry for the Navy and Marine Corps," Gunlycke said. "Corrosion, for instance, is an omnipresent challenge costing the Department of Defense billions every year. The CVQE algorithm can be used to study the chemical reactions causing corrosion and provide critical information to our existing anticorrosion teams in their quest to develop better coatings and additives."
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The world is one step closer to secure quantum communication on a global scale | ScienceDaily
Researchers at the University of Waterloo's Institute for Quantum Computing (IQC) have brought together two Nobel prize-winning research concepts to advance the field of quantum communication.


						
Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

Entangled photons are particles of light that remain connected, even across large distances, and the 2022 Nobel Prize in Physics recognized experiments on this topic. Combining entanglement with quantum dots, a technology recognized with the Nobel Prize in Chemistry in 2023, the IQC research team aimed to optimize the process for creating entangled photons, which have a wide variety of applications, including secure communications.

"The combination of a high degree of entanglement and high efficiency is needed for exciting applications such as quantum key distribution or quantum repeaters, which are envisioned to extend the distance of secure quantum communication to a global scale or link remote quantum computers," said Dr. Michael Reimer, professor at IQC and Waterloo's Department of Electrical and Computer Engineering. "Previous experiments only measured either near-perfect entanglement or high efficiency, but we're the first to achieve both requirements with a quantum dot."

By embedding semiconductor quantum dots into a nanowire, the researchers created a source that creates near-perfect entangled photons 65 times more efficiently than previous work. This new source, developed in collaboration with the National Research Council of Canada in Ottawa, can be excited with lasers to generate entangled pairs on command. The researchers then used high-resolution single photon detectors provided by Single Quantum in The Netherlands to boost the degree of entanglement.

"Historically, quantum dot systems were plagued with a problem called fine structure splitting, which causes an entangled state to oscillate over time. This meant that measurements taken with a slow detection system would prevent the entanglement from being measured," said Matteo Pennacchietti, a PhD student at IQC and Waterloo's Department of Electrical and Computer Engineering. "We overcame this by combining our quantum dots with a very fast and precise detection system. We can basically take a timestamp of what the entangled state looks like at each point during the oscillations, and that's where we have the perfect entanglement."

To showcase future communications applications, Reimer and Pennacchietti worked with Dr. Norbert Lutkenhaus and Dr. Thomas Jennewein, both IQC faculty members and professors in Waterloo's Department of Physics and Astronomy, and their teams. Using their new quantum dot entanglement source, the researchers simulated a secure communications method known as quantum key distribution, proving that the quantum dot source holds significant promise in the future of secure quantum communications.
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Cool paint coatings help pedestrians feel up to 1.5 degrees Celsius cooler in urban setting | ScienceDaily
A real-world study by researchers at Nanyang Technological University, Singapore (NTU Singapore) has shown that the use of cool paint coatings in cities can help pedestrians feel up to 1.5 degrees Celsius cooler, making the urban area more comfortable for work and play.


						
Cool paint coatings contain additives that reflect the sun's heat to reduce surface heat absorption and emission. They have been touted as one way to cool down the urban area and mitigate the Urban Heat Island (UHI) effect, a phenomenon in which urban areas experience warmer temperatures than their outlying surroundings.

To date, most studies of cool paint coatings have been either simulation-based or tested in scaled-down models, and understanding of its application in real-world scenarios is limited.

Now, NTU researchers have conducted a first of its kind real-world study in the tropics to comprehensively evaluate how well cool paint coatings work in reducing city heat.

The team coated the roofs, walls, and road pavements of an industrial area in Singapore and found that by comparison with an adjacent uncoated area, the coated environment was up to two degrees Celsius cooler in the afternoon, with pedestrian thermal comfort level improving by up to 1.5 degrees Celsius, measured using the Universal Thermal Climate Index -- a common international standard for human outdoor temperature sensation that takes into account temperature, relative humidity, thermal radiation, and wind speed.

Lead author Dr. E V S Kiran Kumar Donthu, who completed the work as a Research Fellow at Energy Research Institute said, "Our study provides evidence that cool paint coatings reduce heat build-up and contribute to the cooling of the urban environment. This is a minimally intrusive solution for urban cooling that has an immediate effect, compared to other options that often require major urban redevelopment to deploy. Moreover, by reducing the amount of heat absorbed in urban structures, we also reduce heat load in buildings, consequently reducing indoor air-conditioning energy consumption."

Lead investigator, Associate Professor Wan Man Pun at the NTU School of Mechanical & Aerospace Engineering (MAE), said, "Findings from the study are not just relevant for cities in Singapore where it is hot all year round, but for other urban areas around the world too. With global warming, people will increasingly look for ways to stay cool. Our study validates how cool paint coatings can be a strategy to reduce the urban heat island effect in future."

The study, published in Sustainable Cities and Society in March, supports the NTU 2025 strategic plan, which seeks to address humanity's grand challenges on sustainability and accelerate the translation of research discoveries into innovations that mitigate human impact on the environment.




Real-world experiments in 'street canyons' 

To carry out their real-world experiments, the NTU researchers selected four rectangular buildings that created two parallel 'street canyons' -- narrow streets flanked by buildings -- in an industrial estate west of Singapore managed by JTC Corporation.

One canyon, or 'cool canyon' was coated with cool paints on the roofs, walls, and road pavement, while the other (conventional) canyon remained as it was as a 'control' for the experiment.

Using environmental sensors, the NTU team monitored the conditions in the two canyons over two months, which included air movement, surface and air temperature, humidity, and radiation, to see how well the cool paint coatings worked in reducing city heat.

The researchers found that during a 24-hour cycle, the cool canyon saw up to a 30 per cent reduction in heat released from the built-up surfaces, resulting in the air temperature in the cool canyon being cooler than the conventional canyon by up to two degrees Celsius during the hottest time of the day, at around 4pm. As a result, pedestrians in the cool canyon can feel up to 1.5 degrees Celsius cooler.

The NTU research team also found that air temperature in the cool canyon was lowered because less heat was absorbed by and stored in the building walls, roofs, and roads, and which would subsequently have been released to either heat up the surrounding air or the building's interior.




Compared to conventional roofs, the roofs with the cool paint coating reflected 50 per cent more sunlight and absorbed up to 40 per cent less heat as a result, during the hottest time of a sunny day. The coated walls also prevented most of the heat from entering the industrial buildings.

Co-author, Assistant Professor Ng Bing Feng at the NTU School of MAE, said, "Our study showed that cool paint coating on the road significantly helped lower the hottest temperatures in the cool canyon, confirming that cool paint coating can be a promising way to make urban areas cooler and more comfortable, especially during hot weather. We hope findings from our study will encourage more urban planners to adopt cool paint coatings on more built-up surfaces, on a large scale."

In future research, the NTU team will focus on how the cool paint coating holds up over time in the same experiment location.

The research is supported by JTC Corporation and Singapore's Housing & Development Board.
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A self-cleaning wall paint | ScienceDaily
Typically, beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the colour changes and needs to be renewed.


						
A research team from TU Wien and the Universita Politecnica delle Marche (Italy) has now succeeded in developing special titanium oxide nanoparticles that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunlight not only to bind substances from the air, but also to decompose them afterwards. The wall makes the air cleaner -- and cleans itself at the same time. Waste was used as the raw material for the new wall paint: metal scrap, which would otherwise have to be discarded, and dried fallen leaves.

Modified titanium oxide in the wall paint

A wide variety of pollutants occur in indoor air -- from residues of cleaning agents and hygiene products to molecules that are produced during cooking or that are emitted by materials such as leather. In some cases, this can lead to health issues, which is then referred to as "sick building syndrome."

"For years, people have been trying to use customized wall paints to clean the air," says Prof. Gunther Rupprechter from the Institute of Materials Chemistry at TU Wien. "Titanium oxide nanoparticles are particularly interesting in this context. They can bind and break down a wide range of pollutants."

However, simply adding ordinary titanium oxide nanoparticles to the paint will affect the durability of the paint: just as pollutants are degraded by the nanoparticles, they can also make the paint itself unstable and create cracks. In the worst case, volatile organic compounds can even be released, which in turn can be harmful to health. After a certain time, the paint layer becomes gray and tinted, finally it has to be renewed.

Self-cleaning by light

However, the nanoparticles can clean themselves if they are irradiated with UV light. Titanium oxide is a so-called photocatalyst -- a material that enables chemical reactions when exposed to suitable light. The UV radiation creates free charge carriers in the particles, which induce decomposition of the trapped pollutants from air into small parts and their release. In this way, the pollutants are rendered harmless, but do not remain permanently attached to the wall paint. The wall colour remains stable in the long term.




In practice, however, this is of little use -- after all, it would be tedious to repeatedly irradiate the wall with intense UV light in order to drive the self-cleaning process. "Our goal was therefore to modify these particles in such a way that the photocatalytic effect can also be induced by ordinary sunlight," explains Gunther Rupprechter.

This is achieved by adding certain additional atoms to the titanium oxide nanoparticles, such as phosphorus, nitrogen, and carbon. As a result, the light frequencies that can be harvested by the particles change, and instead of just UV light, photocatalysis is then also triggered by ordinary visible light.

96% pollutant removal

"We have now investigated this phenomenon in great detail using a variety of different surface and nanoparticle analysis methods," says Qaisar Maqbool, the first author of the study. "In this way, we were able to show exactly how these particles behave, before and after they were added to the wall paint."

The research team mixed the modified titanium oxide nanoparticles with ordinary, commercially available wall paint and rinsed a painted surface with a solution containing pollutants. Subsequently, 96% of the pollutants could be degraded by natural sunlight. The colour itself does not change -- because the pollutants are not only bound, but also broken down with the help of sunlight.

Waste as a raw material

For the commercial success of such paints, it is also important to avoid expensive raw materials . "In catalysis, for example, precious metals such as platinum or gold are used. In our case, however, elements that are readily available from everywhere are sufficient: To obtain phosphorus, nitrogen and carbon, we have used dried fallen leaves from olive trees, and the titanium for the titanium oxide nanoparticles was obtained from metal waste, which is normally simply thrown away," says Gunther Rupprechter.

This new type of wall paint combines several advantages at the same time: it removes pollutants from the air, it lasts longer than other paints -- and it is even more resource-saving in production as it can be obtained from recycled materials. Further experiments are being carried out, and commercialisation of the wall paint is intended.
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Rectifying AI's usage in the quest for thermoelectric materials | ScienceDaily
Using AI, a team of researchers has identified a thermoelectric material that potentially possesses favorable values. The group was able to navigate AI's conventional pitfalls, giving a prime example of how AI can revolutionize materials science.


						
Details of their finding were published in the journal Science China Materials on March 8, 2024.

"Traditional methods of finding suitable materials involve trial-and-error, which is time-consuming and often expensive," proclaims Hao Li, associate professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) and corresponding author of the paper. "AI transforms this by combing through databases to identify potential materials that can then be experimentally verified."

Still, challenges remain. Large-scale material datasets sometimes contain errors and overfitting the predicted temperature-dependent properties is also a common error. Overfitting occurs when a model learns to capture noise or random fluctuations in the training data rather than the underlying pattern or relationship. As a result, the model performs well on the training data but fails to generalize new, unseen data. When predicting temperature-dependent properties, overfitting could lead to inaccurate predictions when the model encounters new conditions outside the range of the training data.

Li and his colleagues sought to overcome this to develop a thermoelectric material. These materials convert heat energy into electrical energy, or vice versa. Thus, getting a highly accurate temperature-dependence is critical.

"First, we performed a series of rational actions to identify and discard questionable data, obtaining 92,291 data points comprising 7,295 compositions and different temperatures from the Starrydata2 database -- an online database that collects digital data from published papers," states Li.

Following this, the researchers implemented a composition-based cross-validation method. Crucially, they emphasized that data points with the same compositions but different temperatures should not be split into different sets to avoid overfitting.

Then the researchers built machine building models using the Gradient Boosting Decision Tree method. The model achieved remarkable R2 values 0.89, ~0.90, and ~0.89 on the training dataset, test dataset, and new out-of-sample experimental data released in 2023, demonstrating the models accuracy in predicting newly available materials.

"We could use this model to carry out a large-scale evaluation of the stable materials from the Materials Project database, predicting the potential thermoelectric performance of new materials and providing guidance for experiments," states Xue Jia, Assistant Professor at WPI-AIMR, and co-author of the paper.

Ultimately, the study illustrates the importance of following rigorous guidelines when it comes to data preprocessing and data splitting in machine learning so that it addresses the pressing issues in materials science. The researchers are optimistic that their strategy can also be applied to other materials, such as electrocatalysts and batteries.
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New all-liquid iron flow battery for grid energy storage | ScienceDaily
A commonplace chemical used in water treatment facilities has been repurposed for large-scale energy storage in a new battery design by researchers at the Department of Energy's Pacific Northwest National Laboratory. The design provides a pathway to a safe, economical, water-based, flow battery made with Earth-abundant materials. It provides another pathway in the quest to incorporate intermittent energy sources such as wind and solar energy into the nation's electric grid.


						
The researchers report in Nature Communications that their lab-scale, iron-based battery exhibited remarkable cycling stability over one thousand consecutive charging cycles, while maintaining 98.7 percent of its maximum capacity. For comparison, previous studies of similar iron-based batteries reported degradation of the charge capacity two orders of magnitude higher, over fewer charging cycles.

Iron-based flow batteries designed for large-scale energy storage have been around since the 1980s, and some are now commercially available. What makes this battery different is that it stores energy in a unique liquid chemical formula that combines charged iron with a neutral-pH phosphate-based liquid electrolyte, or energy carrier. Crucially, the chemical, called nitrogenous triphosphonate, nitrilotri-methylphosphonic acid or NTMPA, is commercially available in industrial quantities because it is typically used to inhibit corrosion in water treatment plants.

Phosphonates, including NTMPA, are a broad chemical family based on the element phosphorus. Many phosphonates dissolve well in water and are nontoxic chemicals used in fertilizers and detergents, among other uses.

"We were looking for an electrolyte that could bind and store charged iron in a liquid complex at room temperature and mild operating conditions with neutral pH," said senior author Guosheng Li, a senior scientist at PNNL who leads materials development for rechargeable energy storage devices. "We are motivated to develop battery materials that are Earth-abundant and can be sourced domestically."

What is a flow battery?

As their name suggests, flow batteries consist of two chambers, each filled with a different liquid. The batteries charge through an electrochemical reaction and store energy in chemical bonds. When connected to an external circuit, they release that energy, which can power electrical devices. Unlike other conventional batteries, flow batteries feature two external supply tanks of liquid constantly circulating through them to supply the electrolyte, serving as the battery system's "blood supply." The larger the electrolyte supply tank, the more energy the flow battery can store.




Flow batteries can serve as backup generators for the electric grid. Flow batteries are one of the key pillars of a decarbonization strategy to store energy from renewable energy resources. Their advantage is that they can be built at any scale, from the lab-bench scale, as in the PNNL study, to the size of a city block.

In the near term, grid operators are looking to locate battery energy storage systems (BESS) in urban or suburban areas near energy consumers. Often, city planners must grapple with consumer safety concerns. The type of aqueous flow battery reported here could help alleviate safety concerns.

"A BESS facility using the chemistry similar to what we have developed here would have the advantage of operating in water at neutral pH," said Aaron Hollas, a study author and team leader in PNNL's Battery Materials and Systems Group. "In addition, our system uses commercially available reagents that haven't been previously investigated for use in flow batteries."

The research team reported that their initial design can reach energy density, a key design feature, up to 9 watt-hours per liter (Wh/L). In comparison, commercialized vanadium-based systems are more than twice as energy dense, at 25 Wh/L. Higher energy density batteries can store more energy in a smaller square footage, but a system built with Earth-abundant materials could be scaled to provide the same energy output.

Future development of aqueous redox flow batteries

"Our next step is to improve battery performance by focusing on aspects such as voltage output and electrolyte concentration, which will help to increase the energy density," said Li. "Our voltage output is lower than the typical vanadium flow battery output. We are working on ways to improve that."

PNNL researchers plan to scale-up this and other new battery technologies at a new facility called the Grid Storage Launchpad (GSL) opening at PNNL in 2024. The GSL, funded by the Department of Energy's Office of Electricity, which also funded the current study, will help accelerate the development of future flow battery technology and strategies so that new energy storage systems can be deployed safely.

Study contributors included co-lead authors Gabriel S. Nambafu and Hollas, as well as Peter S. Rice, Daria Boglaienko, John L. Fulton, Miller Li, Qian Huang, David M. Reed, Vincent L. Sprenkle, and G. Li from PNNL. Shuyuan Zhang and Yu Zhu from the University of Akron in Akron, Ohio, also participated in the research.
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Quantum interference could lead to smaller, faster, and more energy-efficient transistors | ScienceDaily
An international team of researchers from Queen Mary University of London, the University of Oxford, Lancaster University, and the University of Waterloo have developed a new single-molecule transistor that uses quantum interference to control the flow of electrons. The transistor, which is described in a paper published in the Nature Nanotechnology, opens new possibilities for using quantum effects in electronic devices.


						
Transistors are the basic building blocks of modern electronics. They are used to amplify and switch electrical signals, and they are essential for everything from smartphones to spaceships. However, the traditional method of making transistors, which involves etching silicon into tiny channels, is reaching its limits. As transistors get smaller, they become increasingly inefficient and susceptible to errors, as electrons can leak through the device even when it is supposed to be switched off, by a process known as quantum tunnelling. Researchers are exploring new types of switching mechanisms that can be used with different materials to remove this effect.

In the nanoscale structures that Professor Jan Mol, Dr James Thomas, and their group study at Queen Mary's School of Physical and Chemical Sciences, quantum mechanical effects dominate, and electrons behave as waves rather than particles. Taking advantage of these quantum effects, the researchers built a new transistor. The transistor's conductive channel is a single zinc porphyrin, a molecule that can conduct electricity. The porphyrin is sandwiched between two graphene electrodes, and when a voltage is applied to the electrodes, electron flow through the molecule can be controlled using quantum interference.

Interference is a phenomenon that occurs when two waves interact with each other and either cancel each other out (destructive interference) or reinforce each other (constructive interference). In the new transistor's case, researchers switched the transistor on and off by controlling whether the electrons interfere constructively (on) or destructively (off) as they flow through the zinc porphyrin molecule.

The researchers found that the new transistor has a very high on/off ratio, meaning that it can be turned on and off very precisely. Destructive quantum interference plays a crucial role in this by eliminating the leaky electron flow from quantum tunneling through the transistor when it is supposed to be switched off. They also found that the transistor is very stable. Previous transistors made from a single molecule have only been able to demonstrate a handful of switching cycles, however this device can be operated for hundreds of thousands of cycles without breaking down.

"Quantum interference is a powerful phenomenon that has the potential to be used in a wide variety of electronics applications," said lead author Dr James Thomas, Lecturer in Quantum Technologies at Queen Mary. "We believe that our work is a significant step towards realizing this potential."

"Our results show that quantum interference can be used to control the flow of electrons in transistors, and that this can be done in a way that is both efficient and reliable," said co-author Professor Jan Mol. "This could lead to the development of new types of transistors that are smaller, faster, and more energy-efficient than current devices."

The researchers also found that the quantum interference effects could be used to improve the transistor's subthreshold swing, which is a measure of how sensitive the transistor is to changes in the gate voltage. The lower the subthreshold swing, the more efficient the transistor is. The researchers' transistors had a subthreshold swing of 140 mV/dec, which is better than subthreshold swings reported for other single-molecule transistors, and comparable to larger devices made from materials such as carbon nanotubes.

The research is still in its initial stages, but the researchers are optimistic that the new transistor could be used to create a new generation of electronic devices. These devices could be used in a variety of applications, starting from computers, smartphones, and ending with medical devices.
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Novel quantum algorithm for high-quality solutions to combinatorial optimization problems | ScienceDaily
Conventional quantum algorithms are not feasible for solving combinatorial optimization problems (COPs) with constraints in the operation time of quantum computers. To address this issue, researchers have developed a novel algorithm called post-processing variationally scheduled quantum algorithm. The novelty of this innovative algorithm lies in the use of a post-processing technique combined with variational scheduling to achieve high-quality solutions to COPs in a short time.


						
Combinatorial optimization problems (COPs) have applications in many different fields such as logistics, supply chain management, machine learning, material design and drug discovery, among others, for finding the optimal solution to complex problems. These problems are usually very computationally intensive using classical computers and thus solving COPs using quantum computers has attracted significant attention from both academia and industry.

Quantum computers take advantage of the quantum property of superposition, using specialized qubits, that can exist in an infinite yet contained number of states of 0 or 1 or any combination of the two, to quickly solve large problems. However, when COPs involve constraints, conventional quantum algorithms like adiabatic quantum annealing struggle to obtain a near-optimal solution within the operation time of quantum computers. Recent advances in quantum technology have led to devices such as quantum annealers and gate-type quantum devices that provide suitable platforms for solving COPs. Unfortunately, they are susceptible to noise, which limits their applicability to quantum algorithms with low computational costs.

To address this challenge, Assistant Professor Tatsuhiko Shirai and Professor Nozomu Togawa from the Department of Computer Science and Communications Engineering at Waseda University in Japan have recently developed a groundbreaking post-processing variationally scheduled quantum algorithm (pVSQA). "The two main methods for solving COPs with quantum devices are variational scheduling and post-processing. Our algorithm combines variational scheduling with a post-processing method that transforms infeasible solutions into feasible ones, allowing us to achieve near-optimal solutions for constrained COPs on both quantum annealers and gate-based quantum computers," explains Dr. Shirai. Their study was published in the journal IEEE Transactions on Quantum Engineering on 13 March 2024.

The innovative pVSQA algorithm uses a quantum device to first generate a variational quantum state via quantum computation. This is then used to generate a probability distribution function which consists of all the feasible and infeasible solutions that are within the constraints of the COP. Next, the post-processing method transforms the infeasible solutions into feasible ones, leaving the probability distribution with only feasible solutions. A classical computer is then used to calculate an energy expectation value of the cost function using this new probability distribution. Repeating this calculation results in a near-optimal solution.

The researchers analyzed the performance of this algorithm using both a simulator and real quantum devices such as a quantum annealer and a gate-type quantum device. The experiments revealed that pVSQA achieves a near-optimal performance within a predetermined time on the simulator and outperforms conventional quantum algorithms without post-processing on real quantum devices.

Dr. Shirai highlights the potential applications of the algorithm, stating: "Drastic social transformations are urgently needed to address various social issues. Examples include the realization of a carbon-neutral society to solve climate change issues and the realization of sustainable development goals to address issues such as increased energy demand and food shortage. Efficiently solving combinatorial optimization problems is at the heart of achieving these transformations. Our new method will play a significant role in realizing these long-term social transformations."

In conclusion, this study marks a significant step forward for using quantum computers for solving COPs, holding promise for addressing complex real-world problems across various domains.
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Semiconductors at scale: New processor achieves remarkable speed-up in problem solving | ScienceDaily
Annealing processors are designed specifically for addressing combinatorial optimization problems, where the task is to find the best solution from a finite set of possibilities. This holds implications for practical applications in logistics, resource allocation, and the discovery of drugs and materials. In the context of CMOS (a type of semiconductor technology), it is necessary for the components of annealing processors to be fully "coupled." However, the complexity of this coupling directly affects the scalability of the processors.


						
In a new IEEE Access study published on 30 January 2024, led by ProfessorTakayuki Kawahara from Tokyo University of Science, researchers have developed and successfully tested a scalable processor that divides the calculation into multiple LSI chips. The innovation was also presented in IEEE 22nd World Symposium on Applied Machine Intelligence and Informatics (SAMI 2024) on 25 January 2024.

According to Prof. Kawahara, We want to achieve advanced information processing directly at the edge, rather than in the cloud, or performing preprocessing at the edge for the cloud. Using the unique processing architecture announced by the Tokyo University of Science in 2020, we have realized a fully coupled LSI (Large Scale Integration) on one chip using 28nm CMOS technology. Furthermore, we devised a scalable method with parallel-operating chips, and demonstrated its feasibility using FPGAs (Field-Programmable Gate Arrays) in 2022.

In the study, which was partially supported by the JSPS KAKENHI Grant Number 22H01559, the Tokyo University of Science Entrepreneurship Grant (PoC Support Grant), and the Tokyo Metropolitan Government, the team created a scalable annealing processor. It used 36 22nm CMOS calculation LSI (Large Scale Integration) chips and one control FPGA. This technology enables the construction of large-scale fully coupled semiconductor systems following the Ising model (a mathematical model of magnetic systems) with 4096 spins.

The processor incorporates two distinct technologies developed at the Tokyo University of Science. This includes a "spin thread method" that enables 8 parallel solution searches, coupled with a technique that reduces chip requirements by about half compared to conventional methods. Its power needs are also modest, operating at 10MHz with a power consumption of 2.9W (1.3W for the core part). This was practically confirmed using a vertex cover problem with 4096 vertices.

In terms of power performance ratio, the processor outperformed simulating a fully coupled Ising system on a PC (i7, 3.6GHz) using annealing emulation by 2,306 times. Additionally, it surpassed the core CPU and arithmetic chip by 2,186 times.

The successful machine verification of this processor suggests the possibility of enhanced capacity. According to Prof. Kawahara, who holds a vision for the social implementation of this technology (such as initiating a business, joint research, and technology transfer), "In the future, we will develop this technology for a joint research effort targeting an LSI system with the computing power of a 2050-level quantum computer for solving combinatorial optimization problems. The goal is to achieve this without the need for air conditioning, large equipment, or cloud infrastructure, using current semiconductor processes. Specifically, we would like to achieve 2M (million) spins by 2030 and explore the creation of new digital industries using this."

In summary, researchers have developed a scalable, fully coupled annealing processor incorporating 4096 spins on a single board with 36 CMOS chips. Key innovations, including chip reduction and parallel operations for simultaneous solution searches, played a crucial role in this development!
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Astronomers discover 49 new galaxies in under three hours | ScienceDaily
A team of international astronomers have discovered 49 new gas-rich galaxies using the MeerKAT radio telescope in South Africa from observations that were not even three hours long and were made possible by IDIA (Inter-University Institute of Data Intensive Astronomy).


						
Dr. Marcin Glowacki, from the Curtin University node of the International Centre for Radio Astronomy Research (ICRAR) in Western Australia, led the research, which aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, Dr. Glowacki instead discovered other galaxies while inspecting the data.

In total, the gas of 49 galaxies was detected. Dr Glowacki said this was a great example of how fantastic an instrument like MeerKAT is for finding the star-forming gas in galaxies.

"I did not expect to find almost fifty new galaxies in such a short time," he said. "By implementing different techniques for finding galaxies, which are used for other MeerKAT surveys, we were able to detect all of these galaxies and reveal their gas content."

The new galaxies have been informally nicknamed the 49ers -- a reference to the 1849 California gold rush miners. Dr Glowacki views the 49 new galaxies as valuable as gold nuggets in our night sky. Many galaxies are near each other, forming galaxy groups, with several identified in one observation.

Three galaxies, in particular, are directly connected by their gas.

Dr Glowacki said, "These three are particularly interesting, as by studying the galaxies at other wavelengths of light, we discovered the central galaxy is forming many stars. It is likely stealing the gas from its companion galaxies to fuel its star formation, which may lead the other two to become inactive."

Professor Ed Elson, from the University of the Western Cape and a co-author of the paper, said, "This discovery highlights the raw power of the MeerKAT telescope as an imaging instrument. The methods we developed and implemented to study the 49ers will be useful for MeerKAT large science surveys, and smaller observing campaigns such as ours."

The discovery was no accident. Recently, an ICRAR summer student, Jasmine White, working with Dr Glowacki, helped find even more gas-rich galaxies in other short observations made by MeerKAT.

"We hope to continue our studies and share even more discoveries of new gas-rich galaxies with the wider community soon," Dr Glowacki said.
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Caller ID of the sea: Tagging whale communication and behavior | ScienceDaily
For researchers studying the acoustic behavior of whales, distinguishing which animal is vocalizing is like a teacher trying to figure out which student responded first when the entire class is calling out the answer. This is because many of the techniques used to capture audio record a large sample size of sounds. A major example of this is passive acoustic monitoring (PAM), which records audio via a microphone in one location, usually a stationary or moving platform in the ocean. While this method allows researchers to gather acoustic data over a long time period, it is difficult to extrapolate fine-scale information like which animal is producing which call because the incoming audio signals could be from any number of animals within range.


						
Over the last 20 years, the invention of acoustic tags equipped with movement and audio sensors, which are suctioned harmlessly to the animal being studied, has tremendously improved data collection capabilities. Researchers in Syracuse University's Bioacoustics and Behavioral Ecology Lab, led by Susan Parks, professor of biology, have been utilizing this technology to study the behavior of humpback whales in the North Atlantic Ocean. In a recent study published in Royal Society Open Science by Julia Zeh, a Ph.D. student in biology, along with other members of Parks' lab and collaborators from NOAA, the Center for Coastal Studies, and UC Santa Cruz , researchers tagged many whales from the same pod simultaneously to analyze the vocalization of all members in the group. The goal of this research was to uncover new information about whale behavior and communication -- insights which are crucial for informing future conservation efforts.

"By simultaneously tagging all whales in a group, we were able to compare how loudly calls were recorded across tags to infer who was calling," says Zeh. "This in turn lets us look at individual and group-level communication in ways that we couldn't before."

The team analyzed nearly 50 hours of synchronous tag data which included 16 tags from seven distinct groups of whales. Sound and movement data were collected from humpback whales in the Gulf of Maine near Stellwagen Bank National Marine Sanctuary in the western North Atlantic.

While the function and meaning of specific humpback whale calls remains largely unknown, researchers hypothesize that the calls might be associated with feeding or other social coordination. The team's simultaneous tagging method allows researchers to analyze acoustic data about individual whales and compare that in the context of the larger group.

"This information can give us insight into how whales coordinate behaviors, how their calls relate to what they're doing, what types of calls they use and what information they might exchange in group communication," says Zeh. "Understanding acoustic sequences within and between individuals also gives us insight into the complexity of the humpback whale communication system."

What's more, if researchers know who is calling, they can associate vocal behavior with individual age, sex or the behavioral context of the calls. This data can also be used to enhance PAM studies, which are commonly used for species' presence/absence verification and population counts.

"Having information from tag data about call rates and timing can improve count estimates," says Zeh. "For example, having 10 calls doesn't necessarily mean there are 10 whales, but potentially two whales calling back and forth, or one whale producing sequential calls."

While previous studies have linked caller identity to acoustic tag data, this is the first robust method for studying large baleen whales, like humpback whales. The team's efforts to enhance caller identification through simultaneous tagging provides a new resource for researchers to better understand animal behavior and advance wildlife conservation efforts.

The team's work was supported by the Stellwagen Bank National Marine Sanctuary, the Office of National Marine Sanctuaries, the National Oceanographic Partnership Program, the National Defense Science and Engineering Graduate Program, the Office of Naval Research, the ACCURATE Project, the Cetacean Caller-ID project and the U.S. Navy Living Marine Resources Program.
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Droughts in Europe could be avoided with faster emissions cuts | ScienceDaily
Rapid climate action could mean devastating dry periods in the Mediterranean become less frequent by the end of the century, a new study shows.


						
Advanced computer modelling suggests summer rainfall in southern Europe could decline by up to 48% by the year 2100 if emissions of greenhouse gases continue to rise rapidly, but much of this projected decline could be avoided by reaching net-zero emissions as soon as possible.

The study, led by scientists at the University of Reading, published today (Monday 25 March) in Geophysical Research Letters, provides additional evidence to motivate accelerated climate action and prevent drastic rainfall decline, more droughts and more forest fires.

Dr Andrea Dittus, the study's lead author, said: "The climate has already warmed so much that some rainfall decline is inevitable, but our findings show that further summer drying projected for Europe could be avoided. Halting rising global temperatures by reducing fossil fuel emissions to net-zero will mean the Mediterranean does not continue to get drier.

"We have no time to waste in cutting emissions. If we don't act rapidly, many countries in the Mediterranean will suffer from a significant lack of rain, with potential major knock-on effects for the UK and elsewhere."

Slowing global warming

In July 2023, Dr Dittus was awarded PS580,000 by the UKRI Natural Environment Research Council to investigate what a net zero world would look like. Many previous studies have investigated the impact on Earth at different levels of global warming, but studying net zero climates is a relatively recent focus of research that follows commitments by world leaders -- such as in the 2015 Paris Agreement -- to limit global warming.

The new study focuses specifically on the impact of stabilising temperatures in Europe. The researchers highlight that the speed of global warming is a critical factor in preventing drought and extreme dry periods. When temperatures rise quickly due to unchecked emissions, it causes more extreme shifts in rainfall. But if warming happens more gradually because of strong climate action, the impacts are less severe.

This means that the steps taken by countries to cut pollution in the coming years could hugely influence Europe's future summers. While focused on Europe, the scientists say similar benefits of rapid climate action are likely for other regions across the world.

However, the researchers caution that avoiding the most serious impacts depends on achieving major emissions reductions starting right away. The more optimistic scenarios are only possible if the world transitions away from fossil fuels as soon as possible.
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Bioelectronic mesh capable of growing with cardiac tissues for comprehensive heart monitoring | ScienceDaily
A team of engineers led by the University of Massachusetts Amherst and including colleagues from the Massachusetts Institute of Technology (MIT) recently announced in the journal Nature Communications that they had successfully built a tissue-like bioelectronic mesh system integrated with an array of atom-thin graphene sensors that can simultaneously measure both the electrical signal and the physical movement of cells in lab-grown human cardiac tissue. In a research first, this tissue-like mesh can grow along with the cardiac cells, allowing researchers to observe how the heart's mechanical and electrical functions change during the developmental process. The new device is a boon for those studying cardiac disease as well as those studying the potentially toxic side-effects of many common drug therapies.


						
Cardiac disease is the leading cause of human morbidity and mortality across the world. The heart is also very sensitive to therapeutic drugs, and the pharmaceutical industry spends millions of dollars in testing to make sure that its products are safe. However, ways to effectively monitor living cardiac tissue are extremely limited.

In part, this is because it is very risky to implant sensors in a living heart, but also because the heart is a complex kind of muscle with more than one thing that needs monitoring. "Cardiac tissue is very special," says Jun Yao, associate professor of electrical and computer engineering in UMass Amherst's College of Engineering and the paper's senior author. "It has a mechanical activity -- the contractions and relaxations that pump blood through our body -- coupled to an electrical signal that controls that activity."

But today's sensors can typically only measure one characteristic at a time, and a two-sensor device that could measure both charge and movement would be so bulky as to impede the cardiac tissue's function. Until now, there was no single sensor capable of measuring the heart's dual properties without interfering with its functioning.

The new device is built of two critical components, explains lead author Hongyan Gao, who is pursuing his Ph.D. in electrical engineering at UMass Amherst. The first is a three-dimensional cardiac microtissue (CMT), grown in a lab from human stem cells under the guidance of co-author Yubing Sun, associate professor of mechanical and industrial engineering at UMass Amherst. CMT has become the preferred model for in vitro testing because it is the closest analog yet to a full-size, living human heart. However, because CMT is grown in a test tube, it has to mature, a process that takes time and can be easily disrupted by a clumsy sensor.

The second critical component involves graphene -- a pure-carbon substance only one atom thick. Graphene has a few surprising quirks to its nature that make it perfect for a cardiac sensor. Graphene is electrically conductive, and so it can sense the electrical charges shooting through cardiac tissue. It is also piezoresistive, which means that as it is stretched -- say, by the beating of a heart -- its electrical resistance increases. And because graphene is impossibly thin, it can register even the tiniest flutter of muscle contraction or relaxation and can do so without impeding the heart's function, all through the maturation process. Co-author Jing Kong, professor of electrical engineering at MIT, and her group supplied this critical graphene material.

"Although there have already been many applications for graphene, it is wonderful to see that it can be used in this critical need, which takes advantage of graphene's different characteristics," says Kong.




Gao, Yao and their colleagues then embedded a series of graphene sensors in a soft, stretchable porous mesh scaffold they developed that has close structural and mechanical properties to human tissue and which can be applied non-invasively to cardiac tissue.

"No one has ever done this before," says Gao. "Graphene can survive in a biological environment without degrading for a very long time and not lose its conductivity, so we can monitor the CMT across its entire maturation process."

"This is crucial for a number of reasons," adds Yao. "Our sensor can give real-time feedback to scientists and drug researchers, and it can do so in a cost-effective way. We take pride in using the insights of electrical engineering to help build tools that can be useful to a wide range of researchers."

In the future, Gao says, he hopes to be able to adapt his sensor to grander scales, even to in vivo monitoring, which would provide the best-possible data to help solve cardiac disease.

This research was supported by the Army Research Office, the National Institutes of Health, the U.S. National Science Foundation, the Semiconductor Research Corporation, and the Link Foundation, as well as the Institute for Applied Life Sciences at UMass Amherst.
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Researchers take major step toward developing next-generation solar cells | ScienceDaily
The solar energy world is ready for a revolution. Scientists are racing to develop a new type of solar cell using materials that can convert electricity more efficiently than today's panels.


						
In a new paper published February 26 in the journal Nature Energy, a University of Colorado Boulder researcher and his international collaborators unveiled an innovative method to manufacture the new solar cells, known as perovskite cells, an achievement critical for the commercialization of what many consider the next generation of solar technology.

Today, nearly all solar panels are made from silicon, which boast an efficiency of 22%. This means silicon panels can only convert about one-fifth of the sun's energy into electricity, because the material absorbs only a limited proportion of sunlight's wavelengths. Producing silicon is also expensive and energy intensive.

Enter perovskite. The synthetic semiconducting material has the potential to convert substantially more solar power than silicon at a lower production cost.

"Perovskites might be a game changer," said Michael McGehee, a professor in the Department of Chemical and Biological Engineering and fellow with CU Boulder's Renewable & Sustainable Energy Institute.

Scientists have been testing perovskite solar cells by stacking them on top of traditional silicon cells to make tandem cells. Layering the two materials, each absorbing a different part of the sun's spectrum, can potentially increase the panels' efficiency by over 50%.

"We're still seeing rapid electrification, with more cars running off electricity. We're hoping to retire more coal plants and eventually get rid of natural gas plants," said McGehee. "If you believe that we're going to have a fully renewable future, then you're planning for the wind and solar markets to expand by at least five to ten- fold from where it is today."

To get there, he said, the industry must improve the efficiency of solar cells.




But a major challenge in making them from perovskite at a commercial scale is the process of coating the semiconductor onto the glass plates which are the building blocks of panels. Currently, the coating process has to take place in a small box filled with non-reactive gas, such as nitrogen, to prevent the perovskites from reacting with oxygen, which decreases their performance.

"This is fine at the research stage. But when you start coating large pieces of glass, it gets harder and harder to do this in a nitrogen filled box," McGehee said.

McGehee and his collaborators set off to find a way to prevent that damaging reaction with the air. They found that adding dimethylammonium formate, or DMAFo, to the perovskite solution before coating could prevent the materials from oxidizing. This discovery enables coating to take place outside the small box, in ambient air. Experiments showed that perovskite cells made with the DMAFo additive can achieve an efficiency of nearly 25% on their own, comparable to the current efficiency record for perovskite cells of 26%.

The additive also improved the cells' stability.

Commercial silicon panels can typically maintain at least 80% of their performance after 25 years, losing about 1% of efficiency per year. Perovskite cells, however, are more reactive and degrade faster in the air. The new study showed that the perovskite cell made with DMAFo retained 90% of its efficiency after the researchers exposed them to LED light that mimicked sunlight for 700 hours. In contrast, cells made in the air without DMAFo degraded quickly after only 300 hours.

While this is a very encouraging result, there are 8,000 hours in one year, he noted. So longer tests are needed to determine how these cells hold up overtime.




"It's too early to say that they are as stable as silicon panels, but we're on a good trajectory toward that," McGehee said.

The study brings perovskite solar cells one step closer to commercialization. At the same time, McGehee's team is actively developing tandem cells with a real-world efficiency of over 30% that have the same operational lifetime as silicon panels.

McGehee leads a U.S. academic-industry partnership called Tandems for Efficient and Advanced Modules using Ultrastable Perovskites (TEAMUP). Together with researchers from three other universities, two companies and a national laboratory, the consortium received $9 million funding from the U.S. Department of Energy last year to develop stable tandem perovskites that can feasibly be used in the real world and are commercially viable. The goal is to create tandem more efficient than conventional silicon panels and equally stable over a 25-year period.

With higher efficiency and potentially lower price tags, these tandem cells could have broader applications than existing silicon panels, including potential installation on the roofs of electric vehicles. They could add 15 to 25 miles of range per day to a car left out in the sun, enough to cover many people's daily commutes. Drones and sailboats could also be powered by such panels.

After a decade of research in perovskites, engineers have built perovskite cells that are as efficient as silicon cells, which were invented 70 years ago, McGehee said. "We are taking perovskites to the finish line. If tandems work out well, they certainly have the potential to dominate the market and become the next generation of solar cells," he said.
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James Webb Space Telescope captures the end of planet formation | ScienceDaily
Scientists believe that planetary systems like our solar system contain more rocky objects than gas-rich ones. Around our sun, these include the inner planets -- Mercury, Venus, Earth and Mars -- the asteroid belt and the Kuiper belt objects such as Pluto.


						
Jupiter, Saturn, Uranus and Neptune, on the other hand, contain mostly gas. But scientists also have known for a long time that planet-forming disks start out with 100 times more mass in gas than solids, which leads to a pressing question: When and how does most of the gas leave a nascent planetary system?

A new study led by Naman Bajaj at the University of Arizona Lunar and Planetary Laboratory, published in the Astronomical Journal, provides answers. Using the James Webb Space Telescope, or JWST, the team obtained images from such a nascent planetary system -- also known as a circumstellar disk -- in the process of actively dispersing its gas into surrounding space.

"Knowing when the gas disperses is important as it gives us a better idea of how much time gaseous planets have to consume the gas from their surroundings," said Bajaj, a second-year doctoral student at UArizona's Lunar and Planetary Laboratory. "With unprecedented glimpses into these disks surrounding young stars, the birthplaces of planets, JWST helps us uncover how planets form."

During the very early stages of planetary system formation, planets coalesce in a spinning disk of gas and tiny dust around the young star, according to Bajaj. These particles clump together, building up into bigger and bigger chunks called planetesimals. Over time, these planetesimals collide and stick together, eventually forming planets. The type, size and location of planets that form depend on the amount of material available and how long it remains in the disk.

"So, in short, the outcome of planet formation depends on the evolution and dispersal of the disk," Bajaj said.

At the heart of this discovery is the observation of T Cha, a young star -- relative to the sun, which is about 4.6 billion years old -- enveloped by an eroding circumstellar disk notable for a vast dust gap, spanning approximately 30 astronomical units, or au, with one au being the average distance between the Earth and the sun.




Bajaj and his team were able, for the first time, to image the disk wind, as the gas is referred to when it slowly leaves the planet-forming disk. The astronomers took advantage of the telescope's sensitivity to light emitted by an atom when high-energy radiation -- for example, in starlight -- strips one or more electrons from its nucleus. This is known as ionization, and the light emitted in the process can be used as a sort of chemical "fingerprint" -- in the case of the T Cha system, tracing two noble gases, neon and argon. The observations also mark the first time a double ionization of argon has been detected in a planet-forming disk, the team writes in the paper.

"The neon signature in our images tells us that the disk wind is coming from an extended region away from the disk," Bajaj said. "These winds could be driven either by high-energy photons -- essentially the light streaming from the star -- or by the magnetic field that weaves through the planet-forming disk."

In an effort to differentiate between the two, the same group, this time led by Andrew Sellek, a postdoctoral researcher at Leiden University in the Netherlands, performed simulations of the dispersal driven by stellar photons, the intense light streaming from the young star. They compared these simulations to the actual observations and found dispersal by high-energy stellar photons can explain the observations, and hence cannot be excluded as a possibility. That study concluded that the amount of gas dispersing from the T Cha disk every year is equivalent to that of Earth's moon. These results will be published in a companion paper, currently under review with the Astronomical Journal.

While neon signatures had been detected in many other astronomical objects, they weren't known to originate in low-mass planet-forming disks until first discovered in 2007 with JWST's predecessor, NASA's Spitzer Space Telescope, by Ilaria Pascucci, a professor at LPL who soon identified them as a tracer of disk winds. Those early findings transformed research efforts focused on understanding gas dispersal from circumstellar disks. Pascucci is the principal investigator on the most recent observing project and a co-author on the publications reported here.

"Our discovery of spatially resolved neon emission -- and the first detection of double ionized argon -- using the James Webb Space Telescope could become the next step towards transforming our understanding of how gas clears out of a planet-forming disk," Pascucci said. "These insights will help us get a better idea of the history and impact on our own solar system."

In addition, the group has also discovered that the inner disk of T Cha is evolving on very short timescales of decades; they found that the spectrum observed by JWST differs from the earlier spectrum detected by Spitzer. According to Chengyan Xie, a second-year doctoral student at LPL who leads this in-progress work, this mismatch could be explained by a small, asymmetric disk inside of T Cha that has lost some of its mass in the short 17 years that have elapsed between the two observations.

"Along with the other studies, this also hints that the disk of T Cha is at the end of its evolution," Xie said. "We might be able to witness the dispersal of all the dust mass in T Cha's inner disk within our lifetime."

Co-authors on the publications include Uma Gorti with the SETI Institute, Richard Alexander with the University of Leicester, Jane Morrison and Andras Gaspar with the UArizona's Steward Observatory, Cathie Clarke with the University of Cambridge, Giulia Ballabio with Imperial College London, and Dingshan Deng with the Lunar and Planetary Laboratory.
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Revolutionizing hydrogen production: Economical and efficient solutions unveiled | ScienceDaily
Water eletrolysis process is a system that produces hydrogen by electrolyzing water. It is an eco-friendly technology that can produce hydrogen fuel, a future energy source, without emitting environmental pollutants, but its limitations have been pointed out as low hydrogen production efficiency and high production costs. Recently, a team of researchers from Pohang University of Science and Technology (POSTECH) published research that solved both problems at once, attracting attention.


						
A collaborative research team comprising Professor Jong Kyu Kim, Jaerim Kim, a Ph. D. candidate, Professor Yong-Tae Kim, and Doctor Sang-Mun Jung from the Department of Materials Science and Engineering at the POSTECH has succeeded in developing an economical and efficient water electrolysis catalyst that overcomes the limitations of conventional catalysts by using an oblique angle deposition method and nickel (Ni). The research has been recognized for its excellence and published as an inside front cover article in the international journal Advanced Materials.

The water-electrolysis processes employ costly precious metals like platinum as catalysts for hydrogen production, rendering the process excessively costly. Furthermore, the use of conventional thin-film catalysts often results in inadequate separation of hydrogen bubbles, leading to blockages in the catalyst's active sites or hindering reactant movement, ultimately diminishing process efficiency.

In response to these challenges, the research team opted for oblique angle deposition and nickel. This technique involves tilting the substrate during deposition to easily create diverse nanostructures of the material, offering a straightforward and inexpensive solution. Moreover, nickel stands out as an abundant non-precious metal catalyst on Earth, demonstrating relatively high efficiency in hydrogen generation.

The team utilized an oblique angle deposition method to synthesize nickel featuring finely crafted, vertically aligned nanorods protrusions. In contrast to conventional nanostructures that merely augment the catalyst's surface area, the researchers engineered highly porous nickel nanorods array, presenting a unique superaerophobic surface properties to solve the hydrogen adherence issues. Experimental results revealed that hydrogen bubbles generated during the electrolysis process exhibited the accelerated separation of hydrogen bubbles from the superaerophobic surface. The team's superaerophobic three-dimensional nickel nanorods catalyst, with effective pore channels, demonstrated a remarkable 55-fold improvement in hydrogen production efficiency compared to an equivalent amount of nickel in a traditional thin film structure.

Professor Jong Kyu Kim and Ph. D. Jaerim Kim, leading the research, explained, "By enhancing the efficiency of the water electrolysis process for green hydrogen production, we are advancing towards a hydrogen economy and a carbon-neutral society." They added, "This breakthrough not only benefits water electrolysis but also holds promise for various other renewable energy applications where surface reactions play a crucial role, such as carbon dioxide reduction and light energy conversion systems."

This study was sponsored by the Hydrogen Energy Innovation Technology Development Program, the Program for Establishing an International Cooperation Foundation, the Future Innovation Infrastructure Research for Radiology Program, and the Future Material Discovery Program of Korea.
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        Artificial reef designed by MIT engineers could protect marine life, reduce storm damage
        Engineers designed an 'architected' reef that can mimic the wave-buffering effects of natural reefs while providing pockets for marine life. The sustainable and cost-saving structure could dissipate more than 95 percent of incoming wave energy using a small fraction of the material normally needed.

      

      
        Understanding cattle grazing personalities may foster sustainable rangelands
        New research finds that not all cattle are the same when it comes to grazing, and knowing that could lead to better animal health and range conditions.

      

      
        A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis
        Researchers have found that approved drugs that were originally shown to normalize blood vessels surrounding tumors (to improve drug delivery to cancer cells) can enhance the delivery of anti-microbial medications to kill tuberculosis bacteria residing in the lungs.

      

      
        Land under water: What causes extreme flooding?
        If rivers overflow their banks, the consequences can be devastating -- just like the catastrophic floods in North Rhine-Westphalia and Rhineland-Palatinate of 2021 showed. In order to limit flood damage and optimize flood risk assessment, we need to better understand what factors can lead to extreme forms of flooding and to what extent. Using methods of explainable machine learning, researchers have shown that floods are more extreme when several factors are involved in their development.

      

      
        Sweet success: Sugarcane's complex genetic code cracked
        Scientists created a highly accurate reference genome for one of the most important modern crops and found a rare example of how genes confer disease resistance in plants. Exploring sugarcane's genetic code could help researchers develop more resilient and productive crops, with implications for both sugar production and biofuels.

      

      
        A solar cell you can bend and soak in water
        Researchers have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.

      

      
        Rock-wallaby bite size 'packs a punch'
        Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives. Researchers made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

      

      
        Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries
        Researchers have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.

      

      
        Scientists warn: The grey seal hunt is too large
        Researchers warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.

      

      
        Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks
        This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.

      

      
        New technique for predicting protein dynamics may prove big breakthrough for drug discovery
        Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.

      

      
        Heat, cold extremes hold untapped potential for solar and wind energy
        Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy. A study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, al...

      

      
        Looking to the past to prevent future extinction
        Anthropologists created a computational model to predict the likelihood of animal extinctions based on the complex interaction of hunting and environmental change.

      

      
        New enzymatic cocktail can kill tuberculosis-causing mycobacteria
        An enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis.

      

      
        What if the heavy rain would have fallen 50 kilometers away?
        Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience.

      

      
        Biologists uncover new species of tiger beetle: Eunota houstoniana
        Evolutionary biologists have unearthed a new species of tiger beetle, deemed Eunota houstoniana, honoring the Houston region where it predominantly resides.

      

      
        Implantable batteries can run on the body's own oxygen
        From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers have devised an implantable battery that runs on oxygen in the body. The study shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.

      

      
        Sap beetles vs wind: What pollinates screw pines?
        Researchers have discovered the first species pollinated by sap beetles in the genus Pandanus, a group of palm-like plants native to the tropics and subtropics of Africa and Eurasia. The discovery overturned the long-held belief that these plants were pollinated by wind. The researchers also found that fragrant screw pines' male and female flowers produced heat at night stably, making them the first such species in the family Pandanaceae.

      

      
        Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present
        In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations? Now, a new comparative study has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the ...

      

      
        Old immune systems revitalized in mouse study, improving vaccine response
        Those with aging immune systems struggle to fight off novel viruses and respond weakly to vaccination. Researchers were able to revitalize the immune system in mice.

      

      
        Evolution of the most powerful ocean current on Earth
        The Antarctic Circumpolar Current plays an important part in global overturning circulation, the exchange of heat and CO2 between the ocean and atmosphere, and the stability of Antarctica's ice sheets. An international research team has now used sediments taken from the South Pacific to reconstruct the flow speed in the last 5.3 million years. Their data show that during glacial periods, the current slowed; during interglacials, it accelerated. Consequently, if the current global warming intensif...

      

      
        UK rabbit owners can recognize pain in their pets, study finds
        Rabbits are popular family pets, with around 1.5 million in the UK and it is important that owners can recognize when their animal is in pain, and know when to seek help to protect their rabbit's welfare. New research has found the majority of rabbit owners could list signs of pain and could mostly identify pain-free rabbits and those in severe pain, but many lacked knowledge of the subtler sign of pain.

      

      
        The behavior of ant queens is shaped by their social environment
        The queens in colonies of social insects, such as ants, bees, and wasps, are considered the veritable embodiment of specialization in the animal kingdom. The common perception is that the queen's only task is to lay eggs -- and that this attribute is an inherent trait, not influenced by external factors. In contrast, recent research has demonstrated that in certain ant colonies the social environment can play a crucial role in shaping the behavioral specialization of the queens.

      

      
        New testing approach improves detection of rare but emerging Powassan virus spread by deer ticks
        Researchers have come up with a new, more accurate method for detecting in ticks the emerging Powassan virus, which can cause life-threatening neuroinvasive disease, including encephalitis and meningitis.

      

      
        Curbside collection improves organic waste composting, reduces methane emissions
        Most organic household waste ends up in landfills where it generates methane, a powerful greenhouse gas. Composting food and garden waste instead of sending it to landfills can significantly reduce methane emissions and help mitigate global warming. A new study explores the effects of curbside compost collection programs.

      

      
        Researchers find energy development and tree encroachment impact Wyoming pronghorn
        While Wyoming is home to some of North America's most abundant populations of pronghorn that have largely been stable in recent years, a new analysis shows that many herds are experiencing long-term declines in fawn production.

      

      
        Researchers show that introduced tardigrade proteins can slow metabolism in human cells
        Tardigrade proteins are potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

      

      
        In paleontology, correct names are keys to accurate study
        When the skeletal remains of a giant ground sloth were first unearthed in 1796, the discovery marked one of the earliest paleontological finds in American history.

      

      
        Severe hurricanes boost influx of juveniles and gene flow in a coral reef sponge
        A study is the first to evaluate substrate recolonization by sponges in the U.S. Virgin Islands after two catastrophic storms using genetic analyses to understand how much clonality verses sexual recruitment occurs on coral reefs post-storms. Results show that populations of clonal marine species with low pelagic dispersion, such as A. cauliformis, may benefit from increased frequency and magnitude of hurricanes to maintain genetic diversity and combat inbreeding, enhancing the resilience of Cari...

      

      
        Silicon spikes take out 96% of virus particles
        An international research team has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.

      

      
        Discovery of amino acid unveils how light makes plants open
        Scientists have uncovered a unique mechanism that regulates the opening of stomata in plants. Phosphorylation of the amino acid Thr881 on the plasma membrane proton pump plays a key role in this process. The study paves the way for the targeted manipulation of plant physiology, with potential applications in agriculture and environmental sustainability.

      

      
        Mathematical innovations enable advances in seismic activity detection
        Scientists successfully addressed mathematical challenges in conventional Spectral Matrix analysis, used to analyze three-component seismic signals, by introducing time-delay components. The new technique enables the characterization of various polarized waves and the detection of seismic events that have previously gone unnoticed by conventional methods. These findings pave the way for improving a variety of applications, including earthquake detection.

      

      
        Scientists on the hunt for evidence of quantum gravity's existence at the South Pole
        An Antarctic large-scale experiment is striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.

      

      
        New roadmap to prevent pandemics centers on protecting biodiversity
        An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.

      

      
        New maps help decision-makers factor albedo into tree-planting decisions
        A new study provides a global analysis of where restoration of tree cover is most effective at cooling the global climate system, considering not just the cooling from carbon storage but also the warming from decreased albedo. The researchers provide a tool practitioners and land managers can use to determine just how much of a problem albedo is for any reforestation or afforestation project on the globe.

      

      
        Climate change will see Australia's soil emit CO2 and add to global warming
        New research has shown the warming climate will turn Australia's soil into a net emitter of carbon dioxide (CO2), unless action is taken. Soil helps to keep the planet cool by absorbing carbon, however as the climate gets warmer its ability to retain carbon decreases -- and in some instances can start to release some carbon back into the air. A global research team has predicted the changes in the amount of carbon in Australia's soil between now and the year 2100.

      

      
        Two coral snakes recorded battling for prey in a scientific first
        Two red-tailed coral snakes have been observed competing over a caecilian in the first documented wild case of kleptoparasitism within the family Elapidae.

      

      
        Crackdown on illicit drugs detects rise in 'designer' drug substitutes
        As authorities crack down on illicit drugs, experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.

      

      
        Treatment for blindness-causing retinal detachment using viscous seaweed
        Scientists have created a biocompatible artificial vitreous body derived from algae-derived carbohydrates.

      

      
        Research lights up process for turning CO2 into sustainable fuel
        Researchers have successfully transformed CO2 into methanol by shining sunlight on single atoms of copper deposited on a light-activated material, a discovery that paves the way for creating new green fuels.

      

      
        Novel electrochemical sensor detects dangerous bacteria
        Researchers have developed a novel sensor for the detection of bacteria. It is based on a chip with an innovative surface coating. This ensures that only very specific microorganisms adhere to the sensor -- such as certain pathogens. The larger the number of organisms, the stronger the electric signal generated by the chip. In this way, the sensor is able not only to detect dangerous bacteria with a high level of sensitivity but also to determine their concentration.

      

      
        Research identifies characteristics of cities that would support young people's mental health
        As cities around the world continue to draw young people for work, education, and social opportunities, a new study identifies characteristics that would support young urban dwellers' mental health. The findings, based on survey responses from a global panel that included adolescents and young adults, provide a set of priorities that city planners can adopt to build urban environments that are safe, equitable, and inclusive.

      

      
        GPT-4 for identifying cell types in single cells matches and sometimes outperforms expert methods
        GPT-4 can accurately interpret types of cells important for the analysis of single-cell RNA sequencing -- a sequencing process fundamental to interpreting cell types -- with high consistency compared to that of time-consuming manual annotation by human experts of gene information.

      

      
        Seeing the forest for the trees: Species diversity is directly correlated with productivity in eastern U.S. forests
        When officials make tough calls on which areas to prioritize for conservation, biodiversity is often their top consideration. But there are several types of diversity, and not all of them overlap perfectly. In a new study, researchers analyzed 20-years' worth of U.S. Forest Service data and show that the simplest measure of diversity is the best predictor of healthy forest growth, providing a roadmap for quickly and efficiently protecting ecological resources.

      

      
        Pairing crypto mining with green hydrogen offers clean energy boost
        Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new study.

      

      
        With a new experimental technique, engineers probe the mechanisms of landslides and earthquakes
        Researchers developed a method for 3D experiments that can reveal how forces are transmitted through granular materials, and how the shapes of the grains can dramatically change the outcomes. This could lead to better ways of understanding how landslides are triggered, and how to control the flow of granular materials in industrial processes.

      

      
        Uncovering the mystery of Dorset's Cerne Giant
        For centuries, the Cerne Giant, a figure carved into a hillside in Dorset, has fascinated locals and visitors to the area. A new paper proposes that the Cerne Giant can in fact be dated to the early Middle Ages, and, as a result, its cultural context and significance more clearly understood.

      

      
        Confusing assistance requirements contribute to food insecurity among college students
        Food insecurity among college students is associated with negative physical and mental health and lower academic performance and graduation rates. A recent research study investigates why over half of college students eligible for the Supplemental Nutrition Assistance Program (SNAP) -- the largest food assistance program in the US -- do not apply.

      

      
        Common household chemicals pose new threat to brain health, study finds
        Researchers have provided fresh insight into the dangers some common household chemicals pose to brain health. They suggest that chemicals found in a wide range of items, from furniture to hair products, may be linked to neurological conditions.

      

      
        Bees use antennae to decode hive mates' dances in the dark
        Scientists have discovered how honeybees can decipher dances by their hive mates that relay directions to food.
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Artificial reef designed by MIT engineers could protect marine life, reduce storm damage | ScienceDaily
The beautiful, gnarled, nooked-and-crannied reefs that surround tropical islands serve as a marine refuge and natural buffer against stormy seas. But as the effects of climate change bleach and break down coral reefs around the world, and extreme weather events become more common, coastal communities are left increasingly vulnerable to frequent flooding and erosion.


						
An MIT team is now hoping to fortify coastlines with "architected" reefs -- sustainable, offshore structures engineered to mimic the wave-buffering effects of natural reefs while also providing pockets for fish and other marine life.

The team's reef design centers on a cylindrical structure surrounded by four rudder-like slats. The engineers found that when this structure stands up against a wave, it efficiently breaks the wave into turbulent jets that ultimately dissipate most of the wave's total energy. The team has calculated that the new design could reduce as much wave energy as existing artificial reefs, using 10 times less material.

The researchers plan to fabricate each cylindrical structure from sustainable cement, which they would mold in a pattern of "voxels" that could be automatically assembled, and would provide pockets for fish to explore and other marine life to settle in. The cylinders could be connected to form a long, semipermeable wall, which the engineers could erect along a coastline, about half a mile from shore. Based on the team's initial experiments with lab-scale prototypes, the architected reef could reduce the energy of incoming waves by more than 95 percent.

"This would be like a long wave-breaker," says Michael Triantafyllou, the Henry L. and Grace Doherty Professor in Ocean Science and Engineering in the Department of Mechanical Engineering. "If waves are 6 meters high coming toward this reef structure, they would be ultimately less than a meter high on the other side. So, this kills the impact of the waves, which could prevent erosion and flooding."

Details of the architected reef design are reported today in a study appearing in the open-access journal PNAS Nexus. Triantafyllou's MIT co-authors are Edvard Ronglan SM '23; graduate students Alfonso Parra Rubio, Jose del Auila Ferrandis, and Erik Strand; research scientists Patricia Maria Stathatou and Carolina Bastidas; and Professor Neil Gershenfeld, director of the Center for Bits and Atoms; along with Alexis Oliveira Da Silva at the Polytechnic Institute of Paris, Dixia Fan of Westlake University, and Jeffrey Gair Jr. of Scinetics, Inc.

Leveraging turbulence

Some regions have already erected artificial reefs to protect their coastlines from encroaching storms. These structures are typically sunken ships, retired oil and gas platforms, and even assembled configurations of concrete, metal, tires, and stones. However, there's variability in the types of artificial reefs that are currently in place, and no standard for engineering such structures. What's more, the designs that are deployed tend to have a low wave dissipation per unit volume of material used. That is, it takes a huge amount of material to break enough wave energy to adequately protect coastal communities.




The MIT team instead looked for ways to engineer an artificial reef that would efficiently dissipate wave energy with less material, while also providing a refuge for fish living along any vulnerable coast.

"Remember, natural coral reefs are only found in tropical waters," says Triantafyllou, who is director of the MIT Sea Grant. "We cannot have these reefs, for instance, in Massachusetts. But architected reefs don't depend on temperature, so they can be placed in any water, to protect more coastal areas."

The new effort is the result of a collaboration between researchers in MIT Sea Grant, who developed the reef structure's hydrodynamic design, and researchers at the Center for Bits and Atoms (CBA), who worked to make the structure modular and easy to fabricate on location. The team's architected reef design grew out of two seemingly unrelated problems. CBA researchers were developing ultralight cellular structures for the aerospace industry, while Sea Grant researchers were assessing the performance of blowout preventers in offshore oil structures -- cylindrical valves that are used to seal off oil and gas wells and prevent them from leaking.

The team's tests showed that the structure's cylindrical arrangement generated a high amount of drag. In other words, the structure appeared to be especially efficient in dissipating high-force flows of oil and gas. They wondered: Could the same arrangement dissipate another type of flow, in ocean waves?

The researchers began to play with the general structure in simulations of water flow, tweaking its dimensions and adding certain elements to see whether and how waves changed as they crashed against each simulated design. This iterative process ultimately landed on an optimized geometry: a vertical cylinder flanked by four long slats, each attached to the cylinder in a way that leaves space for water to flow through the resulting structure. They found this setup essentially breaks up any incoming wave energy, causing parts of the wave-induced flow to spiral to the sides rather than crashing ahead.

"We're leveraging this turbulence and these powerful jets to ultimately dissipate wave energy," Ferrandis says.




Standing up to storms

Once the researchers identified an optimal wave-dissipating structure, they fabricated a laboratory-scale version of an architected reef made from a series of the cylindrical structures, which they 3D-printed from plastic. Each test cylinder measured about 1 foot wide and 4 feet tall. They assembled a number of cylinders, each spaced about a foot apart, to form a fence-like structure, which they then lowered into a wave tank at MIT. They then generated waves of various heights and measured them before and after passing through the architected reef.

"We saw the waves reduce substantially, as the reef destroyed their energy," Triantafyllou says.

The team has also looked into making the structures more porous, and friendly to fish. They found that, rather than making each structure from a solid slab of plastic, they could use a more affordable and sustainable type of cement.

"We've worked with biologists to test the cement we intend to use, and it's benign to fish, and ready to go," he adds.

They identified an ideal pattern of "voxels," or microstructures, that cement could be molded into, in order to fabricate the reefs while creating pockets in which fish could live. This voxel geometry resembles individual egg cartons, stacked end to end, and appears to not affect the structure's overall wave-dissipating power.

"These voxels still maintain a big drag while allowing fish to move inside," Ferrandis says.

The team is currently fabricating cement voxel structures and assembling them into a lab-scale architected reef, which they will test under various wave conditions. They envision that the voxel design could be modular, and scalable to any desired size, and easy to transport and install in various offshore locations. "Now we're simulating actual sea patterns, and testing how these models will perform when we eventually have to deploy them," says Anjali Sinha, a graduate student at MIT who recently joined the group.

Going forward, the team hopes to work with beach towns in Massachusetts to test the structures on a pilot scale.

"These test structures would not be small," Triantafyllou emphasizes. "They would be about a mile long, and about 5 meters tall, and would cost something like 6 million dollars per mile. So it's not cheap. But it could prevent billions of dollars in storm damage. And with climate change, protecting the coasts will become a big issue."

This work was funded, in part, by the U.S. Defense Advanced Research Projects Agency.
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Understanding cattle grazing personalities may foster sustainable rangelands | ScienceDaily
Not all cattle are the same when it comes to grazing. Some like to wander while others prefer to stay close to water and rest areas.


						
Recognizing those personality differences could help ranchers select herds that best meet grazing needs on rangelands, leading to better animal health and environmental conditions, according to a new paper from the University of California, Davis, published in the journal Applied Animal Behaviour Science.

"Cattle can actually be beneficial for the rangelands," said lead author Maggie Creamer, who recently earned her Ph.D. in animal behavior at UC Davis. "Vegetation in rangelands actually need these kinds of disturbances like grazing."

Ranchers can add elements to the rangeland such as water, mineral supplements and fencing to influence where cattle graze, but little research has been done on how those efforts affect individual cows. Considering personalities could save money.

"If you're spending all this money to add a management tool in order to change the distribution of your animals, that's a huge cost to ranchers," said Creamer. "Thinking about other tools, or selecting certain animals with these grazing traits, might be a better way to optimize the distribution on rangeland rather than spending a bunch of money for something that may ultimately not pan out for all your animals."

Effects of grazing

Livestock graze on an estimated 56 million acres in California, and healthy rangelands host native vegetation and animals, foster nutrient cycling and support carbon sequestration.




Uneven grazing can degrade water quality, soil health and habitats. Optimizing grazing -- including the even spread of cow pies -- can improve the ecosystem while also reducing fuel loads for wildfires.

To better understand individual grazing patterns, researchers went to the UC Sierra Foothill Research and Extension Center in Browns Valley and tracked 50 pregnant Angus and Hereford beef cows fitted with GPS collars.

The research

The cattle, which were tracked from June to August over two years, had access to 625 acres of grasslands and treed areas ranging in elevation from 600 to 2,028 feet. In the second year, a new watering site was added at a higher elevation.

Across the two years, the cows showed consistent and distinct grazing patterns even when water sources changed. Age and stage of pregnancy did not affect patterns, though cattle tended to clump near water and rest sites on hotter days.

The cows that ventured into higher elevations and farther from watering sites had more variability in their grazing patterns than those that stayed at lower elevations near water. That suggests it may be harder for non-wanderers to adjust to some landscapes.




"Thinking about the topography of your rangeland and your herd of cows can benefit both the animals and the sustainability of the land," said Creamer, who next month begins work as a postdoctoral scholar in North Carolina.

Gauging personalities

Keying in on personality type may sound difficult, but the researchers also found some clues as to how to pinpoint the wanderers and homebodies. Unlike cattle at feedlots, the breeding cow population, especially on rangelands in California and other western states, live largely "wild" lives and are rarely handled, save for vaccinations and weaning.

Research due to be published later this year found that paying attention to individual cow reactions during those events can help determine personalities. The cows that appeared more passive during those handling interactions tended to be nomadic.

"We found that you can maybe predict those hill climbers if you kind of look at how they act when the veterinarian or rancher handle them," said senior author Kristina Horback, an associate professor in the Department of Animal Science at UC Davis.

Informing practices

For ranchers, the findings could be invaluable, said Dan Macon, a livestock and natural resources Cooperative Extension advisor in Placer and Nevada counties for UC Agriculture and Natural Resources.

"Any time we can improve our understanding of cattle behavior, particularly at the individual level, it can improve how we handle livestock and manage the landscape," he said.

Macon said that during the recent drought, it was hard to get cattle into higher country, but if ranchers could have selected the nomads, it may have saved money in terms of ranch labor and other efforts.

"If you ask a rancher who has been attentive to their cattle over many years, they know the personalities," Macon said.

For Creamer and Horback, the research opens new doors into understanding herd behavior and dynamics, one that could be a cheaper alternative to high-tech solutions.

"Animal science tends to look overlook the mind of the animal when searching for solutions to challenges," Horback said. "It's always been a direct line to genetics for immunity or nutrition, but nothing about the mind of the animal. And that's such a loss. There's so much we can learn from behavior in the end."

The Russell L. Rustici Rangeland and Cattle Research Endowment supported the research.
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A combination of approved drugs enhances the delivery of anti-bacterial medications to treat tuberculosis | ScienceDaily

Deaths can occur even with treatment, sometimes because of drug resistance in TB bacteria and other times due to poor delivery of TB-targeting drugs to patients' infected lung tissue.

To address the latter challenge, a team led by researchers at Massachusetts General Hospital (MGH) in collaboration with scientists at the National Institute of Allergy and Infectious Disease (NIAID), the University of Notre Dame, and Hackensack Meridian School of Medicine, repurposed approved drugs that they originally tested to normalize blood vessels surrounding tumors to improve drug delivery to cancer cells.

In this latest research, which is published in the Proceedings of the National Academy of Sciences, these drugs effectively enhanced the delivery of anti-microbial medications to kill TB bacteria.

"Our team is interested in understanding and overcoming physiological barriers to drug delivery in pulmonary granulomas, the site of TB disease that manifests as abnormal lung masses. Even the most potent anti-bacterial drug will fail if it cannot reach the bacteria fueling the disease," says senior and co-corresponding author Rakesh K. Jain, PhD, director of the E.L. Steele Laboratories for Tumor Biology at MGH and the Andrew Werk Cook Professor of Radiation Oncology at Harvard Medical School.

Poorly functioning blood vessels and an overabundant extracellular matrix (a network of proteins and other molecules that surround and give structure to tissues in the body) both reduce blood flow and drug delivery throughout granulomas, where TB bacteria reside and hide, evading attack by the body's immune system.

"Our multidisciplinary team of engineers, cancer biologists, immunologists, microbiologists, and data analysts used a lab model of TB, which recapitulates human disease, to test what are called host-directed therapies -- or HDTs -- that 'normalize' the abnormal blood vessels and extracellular matrix in granulomas," says Jain. These HDTs are bevacizumab, which acts on blood vessels, and losartan, which targets the extracellular matrix.




Jain and his colleagues previously showed that bevacizumab could improve drug delivery to TB granulomas. Now they've shown that combining bevacizumab and losartan in rabbits with TB enhances TB drug delivery, promotes anti-bacterial host responses, and improves health outcomes. Surprisingly, the HDTs themselves (without anti-bacterial agents) were able to reduce bacteria numbers in TB granulomas.

To identify the mechanisms involved, the investigators analyzed granuloma and lung tissues and found that the HDTs promoted inflammatory responses against TB bacteria, both in immune and non-immune cells in the lung.

"Because bevacizumab and losartan are approved, safe, and affordable, our preclinical study lays the groundwork for direct clinical translation to test these HDTs in patients with TB for the drugs' ability to improve outcomes of anti-bacterial therapy," says Jain.

Study co-authors include Meenal Datta (co-corresponding author), Laura E. Via (co-first author), Ve?ronique Dartois (co-first author), Danielle M. Weiner, Matthew Zimmerman, Firat Kaya, April M. Walker, Joel D. Fleegle, Isaac D. Raplee, Colton McNinch, Maksym Zarodniuk1, Walid S. Kamoun, Changli Yue, Ashwin S. Kumar, Sonu Subudhi, Lei Xu, and Clifton E. Barry III (co-corresponding author).

This work was supported in part by grants from the Bill & Melinda Gates Foundation and the National Institutes of Health.
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Land under water: What causes extreme flooding? | ScienceDaily
If rivers overflow their banks, the consequences can be devastating -- just like the catastrophic floods in North Rhine-Westphalia and Rhineland-Palatinate of 2021 showed. In order to limit flood damage and optimise flood risk assessment, we need to better understand what factors can lead to extreme forms of flooding and to what extent. Using methods of explainable machine learning, researchers at the Helmholtz Centre for Environmental Research (UFZ) have shown that floods are more extreme when several factors are involved in their development. The research was published in Science Advances.


						
There are several factors that play an important role in the development of floods: air temperature, soil moisture, snow depth, and the daily precipitation in the days before a flood. In order to better understand how individual factors contribute to flooding, UFZ researchers examined more than 3,500 river basins worldwide and analysed flood events between 1981 and 2020 for each of them. The result: precipitation was the sole determining factor in only around 25% of the almost 125,000 flood events. Soil moisture was the decisive factor in just over 10% of cases, and snow melt and air temperature were the sole factors in only around 3% of cases. In contrast, 51.6% of cases were caused by at least two factors. At around 23%, the combination of precipitation and soil moisture occurs most frequently.

However, when analysing the data, the UFZ researchers discovered that three -- or even all four -- factors can be jointly responsible for a flood event. For example, temperature, soil moisture, and snow depth were decisive factors in around 5,000 floods whilst all four factors were decisive in around 1,000 flood events. And not only that: "We also showed that flood events become more extreme when more factors are involved," says Dr Jakob Zscheischler, Head of the UFZ Department "Compound Environmental Risks" and senior author of the article. In the case of one-year floods, 51.6% can be attributed to several factors; in the case of five- and ten-year floods, 70.1% and 71.3% respectively can be attributed to several factors. The more extreme a flood is, the more driving factors there are and the more likely they are to interact in the event generation. This correlation often also applies to individual river basins and is referred to as flood complexity.

According to the researchers, river basins in the northern regions of Europe and America as well as in the Alpine region have a low flood complexity. This is because snow melt is the dominant factor for most floods regardless of the flood magnitude. The same applies to the Amazon basin, where the high soil moisture resulting from the rainy season is often a major cause of floods of varying severity. In Germany, the Havel and the Zusam, a tributary of the Danube in Bavaria, are river basins that have a low flood complexity. Regions with river basins that have a high flood complexity primarily include eastern Brazil, the Andes, eastern Australia, the Rocky Mountains up to the US west coast, and the western and central European plains. In Germany, this includes the Moselle and the upper reaches of the Elbe. "River basins in these regions generally have several flooding mechanisms," says Jakob Zscheischler. For example, river basins in the European plains can be affected by flooding caused by the combination of heavy precipitation, active snow melt, and high soil moisture.

However, the complexity of flood processes in a river basin also depends on the climate and land surface conditions in the respective river basin. This is because every river basin has its own special features. Among other things, the researchers looked at the climate moisture index, the soil texture, the forest cover, the size of the river basin, and the river gradient. "In drier regions, the mechanisms that lead to flooding tend to be more heterogeneous. For moderate floods, just a few days of heavy rainfall is usually enough. For extreme floods, it needs to rain longer on already moist soils," says lead author Dr Shijie Jiang, who now works at the Max Planck Institute for Biogeochemistry in Jena.

The scientists used explainable machine learning for the analysis. "First, we use the potential flood drivers air temperature, soil moisture, and snow depth as well as the weekly precipitation -- each day is considered as an individual driving factor -- to predict the run-off magnitude and thus the size of the flood," explains Zscheischler. The researchers then quantified which variables and combinations of variables contributed to the run-off of a particular flood and to which extent. This approach is referred to as explainable machine learning because it uncovers the predictive relationship between flood drivers and run-off during a flood in the trained model. "With this new methodology, we can quantify how many driving factors and combinations thereof are relevant for the occurrence and intensity of floods," adds Jiang.

The findings of the UFZ researchers are expected to help predict future flood events. "Our study will help us better estimate particularly extreme floods," says Zscheischler. Until now, very extreme floods have been estimated by extrapolating from less extreme floods. However, this is too imprecise because the individual contributing factors could change their influence for different flood magnitudes.
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Sweet success: Sugarcane's complex genetic code cracked | ScienceDaily
Modern hybrid sugarcane is one of the most harvested crops on the planet, used to make products including sugar, molasses, bioethanol, and bio-based materials. It also has one of the most complex genetic blueprints.


						
Until now, sugarcane's complicated genetics made it the last major crop without a complete and highly accurate genome. Scientists have developed and combined multiple techniques to successfully map out sugarcane's genetic code. With that map, they were able to verify the specific location that provides resistance to the impactful brown rust disease that, unchecked, can devastate a sugar crop. Researchers can also use the genetic sequence to better understand the many genes involved in sugar production.

The research was conducted as part of the Community Science Program at the U.S. Department of Energy Joint Genome Institute (JGI), a DOE Office of Science user facility at Lawrence Berkeley National Laboratory (Berkeley Lab). The study is published today in the journal Nature, and the genome is available through the JGI's plant portal, Phytozome.

"This was the most complicated genome sequence we've yet completed," said Jeremy Schmutz, Plant Program lead at the JGI and faculty investigator at the HudsonAlpha Institute for Biotechnology. "It shows how far we've come. This is the kind of thing that 10 years ago people thought was impossible. We're able to accomplish goals now that we just didn't think were possible to do in plant genomics."

Sugarcane's genome is so complex both because it is large and because it contains more copies of chromosomes than a typical plant, a feature called polyploidy. Sugarcane has about 10 billion base pairs, the building blocks of DNA; for comparison, the human genome has about 3 billion. Many sections of sugarcane's DNA are identical both within and across different chromosomes. That makes it a challenge to correctly reassemble all the small segments of DNA while reconstructing the full genetic blueprint. Researchers solved the puzzle by combining multiple genetic sequencing techniques, including a newly developed method known as PacBio HiFi sequencing that can accurately determine the sequence of longer sections of DNA.

Having a complete "reference genome" makes it easier to study sugarcane, enabling researchers to compare its genes and pathways with those in other well-studied crops such as sorghum or other biofuel crops of interest, like switchgrass and miscanthus. By comparing this reference to other crops, it becomes easier to understand how each gene influences a trait of interest, such as which genes are highly expressed during sugar production, or which genes are important for disease resistance. This study found that the genes responsible for resistance to brown rust, a fungal pathogen that previously caused millions of dollars of damage to sugarcane crops, are found in only one location in the genome.

"When we sequenced the genome, we were able to fill a gap in the genetic sequence around brown rust disease," said Adam Healey, first author of the paper and a researcher at HudsonAlpha. "There are hundreds of thousands of genes in the sugarcane genome, but it's only two genes, working together, that protect the plant from this pathogen. Across plants, there are only a handful of instances that we know of where protection works in a similar way. Better understanding of how this disease resistance works in sugarcane could help protect other crops facing similar pathogens down the road."

Researchers studied a cultivar of sugarcane known as R570 that has been used for decades around the world as the model to understand sugarcane genetics. Like all modern sugarcane cultivars, R570 is a hybrid made by crossing the domesticated species of sugarcane (which excelled in sugar production) and a wild species (which carried the genes for disease resistance).




"Knowing R570's complete genetic picture will let researchers trace which genes descended from which parent, enabling breeders to more easily identify the genes that control the traits of interest for improved production," said Angelique D'Hont, last author of the paper and a sugarcane researcher at the French Agricultural Research Center for International Development (CIRAD).

Improving future varieties of sugarcane has potential applications in both agriculture and bioenergy. Enhancing how sugarcane produces sugar could increase the yield farmers get from their crops, providing more sugar from the same amount of growing space. Sugarcane is an important feedstock, or starting material, for producing biofuels, particularly ethanol, and other bioproducts. The residues that remain after the pressing of sugarcane, referred to as bagasse, are an important type of agricultural residue that can also be broken down and converted into biofuels and bioproducts.

"We are working to understand how specific genes in plants relate to the quality of the biomass we get downstream, which we can then turn into biofuels and bioproducts," said Blake Simmons, Chief Science and Technology Officer for the Joint BioEnergy Institute, a DOE Bioenergy Research Center led by Berkeley Lab. "With a better understanding of sugarcane genetics, we can better understand and control the plant genotypes needed to produce the sugars and bagasse-derived intermediates we need for sustainable sugarcane conversion technologies at a scale relevant to the bioeconomy."

This study involved collaborations with institutes from around the world, including France (CIRAD, UMR-AGAP, ERCANE); Australia (CSIRO Agriculture and Food, Queensland Alliance for Agriculture and Food Innovation/ARC Centre of Excellence for Plant Success in Nature and Agriculture -- University of Queensland, Sugar Research Australia); Czech Republic (Institute of Experimental Botany of the Czech Academy of Sciences); and the United States (Corteva Agriscience, Joint BioEnergy Institute). The genome was sequenced at the JGI with work completed at the JGI partner laboratories, the Arizona Genomics Institute and the HudsonAlpha Institute for Biotechnology.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124802.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A solar cell you can bend and soak in water | ScienceDaily
Researchers from the RIKEN Center for Emergent Matter Science and collaborators have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.


						
One of the potential uses of organic photovoltaics is to create wearable electronics -- devices that can be attached to clothing that can monitor medical devices, for example, without requiring battery changes. However, researchers have found it challenging to achieve waterproofing without the use of extra layers that end up decreasing the flexibility of the film.

Now, in work published in Nature Communications, a group of scientists have been able to do precisely that. They took on the challenge of overcoming a key limitation of previous devices, which is that it is difficult to make them waterproof without reducing the flexibility. Photovoltaic films are typically made of several layers. There is an active later, which captures energy of a certain wavelength from sunlight, and uses this energy to separate electrons and "electron holes" into a cathode and anode. The electrons and holes can then reconnect through a circuit, generating electricity. In previous devices, the layer transporting the electron holes was generally created sequentially by layering.

For the current work, however, the researchers deposited the anode layer, in this case a silver electrode, directly onto the active layers, creating better adhesion between the layers. They used a thermal annealing process, exposing the film to air at 85 degrees Celsius for 24 hours. According to Sixing Xiong, the first author of the paper, "It was challenging to form the layer, but we were happy to have accomplished it, and in the end were able to create a film that was just 3 micrometers thick, and we looked forward to seeing the results of tests."

What the group saw from the testing was very encouraging. First, they immersed the film completely in water for four hours and found that it still had 89 percent of its initial performance. They then subjected a film to stretching by 30 percent 300 times underwater, and found that even with that punishment, it retained 96 percent of its performance. As a final test, they ran it through a washing machine cycle, and it survived the ordeal, something that has never been achieved before.

According to Kenjiro Fukuda, one of the corresponding authors of the paper, "What we have created is a method that can be used more generally. Looking to the future, by improving the stability of devices in other areas, such as exposure to air, strong light, and mechanical stress, we plan to further develop our ultrathin organic solar cells so that they can be used for really practical wearable devices."

In addition to RKEN CEMS, members of the research group were from the University of Tokyo and the Huazhong University of Science and Technology in China.
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Rock-wallaby bite size 'packs a punch' | ScienceDaily
Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives.


						
Researchers from Flinders University made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

Study leader Dr Rex Mitchell also coined the idea of 'Little Wallaby Syndrome' after examining the skulls of dwarf rock-wallabies to discover they can more than compensate for their size.

"We already knew that smaller animals have a harder time eating the same foods as larger ones, simply because their jaws are smaller. For example, a chihuahua wouldn't be able to chew on a big bone as easily as a German Shepherd," says Dr Mitchell, from the Morphological Evo-Devo Lab at Flinders University.

"If I were a vegetable, I would not mess with a pygmy rock-wallaby. They totally have 'Little Wallaby Syndrome'."

The new study, published today in the Royal Society's Biology Letters, delves deeper into the marsupials' superpowers.

Coauthor of the new study, Flinders University Associate Professor in Evolutionary Biology Vera Weisbecker, says some tiny species of rock-wallaby, such as the nabarlek, are able to eat similar foods as relatives that are eight times larger.




"We therefore suspected that something happened in the evolution of their jaws to allow them to stick to these diets," she says.

To investigate, the researchers scanned the skulls of nearly 400 rock-wallaby skulls, including all 17 species to compare the features of their skulls.

The results confirmed the team's suspicions. Aside from typical differences in brain and eye size that are usually seen between bigger and smaller animals, there were also differences in the features of the skull used for feeding.

Another co-author Dr Mark Eldridge, from the Australian Museum, adds: "We found clear indicators that both dwarf rock-wallabies have adaptations to harder biting: they had shorter, rounder snouts and teeth positioned at the back of the jaw where they are more effective at harder bites."

But the researchers also found some surprising differences in the teeth between the dwarfs and larger species. They found that some of the teeth of the dwarfs were much larger, for their size, than any of the bigger species.

"This makes sense, because many animals that need to bite harder into their foods tend to have bigger teeth for their size," Dr Mitchell says.




As well, dwarf wallabies had another surprise for the researchers: The two dwarf species had different teeth that were the biggest. One species has the biggest molars, while the other has the largest premolars.

These potentially indicate different adaptations to vegetation types. Larger premolars are better at slicing through leaves and twigs of shrubs, while larger molars are better for grinding up grass and other plants that are closer to the ground.

The species with the largest molars, the nabarlek, is the only species of marsupials known to continuously grow new molars throughout its life.

The findings show that dwarf species of rock-wallabies have skulls that are better at biting than larger species.

Dr Mitchell says the findings are important because the functional effects of skull size on skull shape are often ignored because differences in size are not generally considered to be related to feeding adaptations.

But the research team has shown that some differences in the skulls are related to how hard a skull can bite, and that smaller animals need to have harder-biting skulls than larger animals if they want to eat the same kinds of foods.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124743.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries | ScienceDaily
Researchers at Trinity College Dublin have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.


						
The study, carried out in collaboration with archaeologists from the Atlantic Technological University and University of Edinburgh, was published today in journal Molecular Biology and Evolution. The authors identified several bacteria linked to gum disease and provided the first high-quality ancient genome of Streptococcus mutans, the major culprit behind tooth decay.

While S. mutans is very common in modern mouths, it is exceptionally rare in the ancient genomic record. One reason for this may be the acid-producing nature of the species. This acid decays the tooth, but also destroys DNA and stops plaque from fossilising. While most ancient oral microbiomes are retrieved from fossilised plaque, this study targeted the tooth directly.

Another reason for the scarcity of S. mutans in ancient mouths may be the lack of favorable habitats for this sugar-loving species. An uptick of dental cavities is seen in the archaeological record after the adoption of cereal agriculture thousands of years ago, but a far more dramatic increase has occurred only in the past few hundred years when sugary foods were introduced to the masses.

The sampled teeth were part of a larger skeletal assemblage excavated from Killuragh Cave, County Limerick, by the late Peter Woodman of University College Cork. While other teeth in the cave showed advanced dental decay, no cavities were visible on the sampled teeth. However, one tooth produced an unprecedented amount of S. mutans DNA, a sign of an extreme imbalance in the oral microbial community.

"We were very surprised to see such a large abundance of S. mutans in this 4,000-year-old tooth," said Dr Lara Cassidy, an assistant professor in Trinity's School of Genetics and Microbiology, and senior author of the study. "It is a remarkably rare find and suggests this man was at a high risk of developing cavities right before his death."

The researchers also found that other streptococcal species were virtually absent from the tooth. This indicates the natural balance of the oral biofilm had been upset -- mutans had outcompeted the other streptococci leading to the pre-disease state.




The team also found evidence to support the "disappearing microbiome" hypothesis, which proposes modern microbiomes are less diverse than those of our ancestors. This is cause for concern, as biodiversity loss can impact human health. The two Bronze Age teeth produced highly divergent strains of Tannerella forsythia, a bacteria implicated in gum disease.

"These strains from a single ancient mouth were more genetically different from one another than any pair of modern strains in our dataset, despite the modern samples deriving from Europe, Japan and the USA," explained Iseult Jackson, a PhD candidate at Trinity, and first author of the study. "This represents a major loss in diversity and one that we need to understand better."

Very few full genomes from oral bacteria have been recovered prior to the Medieval era. By characterising prehistoric diversity, the authors were able to reveal dramatic changes in the oral microenvironment that have happened since.

Dr Cassidy added: "Over the last 750 years, a single lineage of T. forsythia has become dominant worldwide. This is the tell-tale sign of natural selection, where one strain rises rapidly in frequency due to some genetic advantage it holds over the others. T. forsythia strains from the industrial era onwards contain many new genes that help the bacteria colonise the mouth and cause disease.

"S. mutans has also undergone recent lineage expansions and changes in gene content related to pathogenicity. These coincide with humanity's mass consumption of sugar, although we did find that modern S. mutans populations have remained more diverse, with deep splits in the S. mutans evolutionary tree pre-dating the Killuragh genome."

The scientists believe this is driven by differences in the evolutionary mechanisms that shape genome diversity in these species.

"S. mutans is very adept at swapping genetic material between strains," said Dr Cassidy. "This means an advantageous innovation can be spread across S. mutans lineages like a new piece of tech. This ability to easily share innovations may explain why this species retains many diverse lineages without one becoming dominant and replacing all the others."

In effect, both these disease-causing bacteria have changed dramatically from the Bronze Age to today, but it appears that very recent cultural transitions in the industrial era have had an inordinate impact.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124735.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists warn: The grey seal hunt is too large | ScienceDaily
Researchers at the University of Gothenburg warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.


						
After decades of hard hunting and environmental contamination by toxins such as PCBs, there were only 5,000 grey seals left in the entire Baltic Sea by the 1970s, falling from an initial size of more than 90,000 at the beginning of the century. Since then, the population has partially recovered, and today stands at around 55,000 animals for all countries combined.

Baltic grey seals are genetically isolated from the closest grey seal populations in the Atlantic. They are generally slightly smaller and, unlike solely land breeding seals found in the British Isles, can give birth to young on both drift ice and on land. The population is now facing new challenges in a world with a warming climate and a shortage of appropriately sized prey fish. Using a mathematical model, the researchers showed that increased seal hunting could cause the population to decline once more.

"It has taken three generations for the grey seal to recover. The seal population is now growing, but our research shows that, if the current hunting quota of 3,000 animals per year is met, the survival of the grey seal in the Baltic Sea will once again be threatened," says Daire Carroll, Associate researcher at the University of Gothenburg and lead author of the study published in the Journal of Animal Ecology.

At present, about 1,500 seals are killed each year in the Baltic Sea.

The hunting quota must be reduced

The researchers created a mathematical model for grey seal population growth and examined several different scenarios for the future. They tested the effect of different hunting pressures, different levels of food availability, and the consequences of less sea ice.




"We saw that killing 3,000 seals each year always led to a decrease in seal population size, even in the most optimistic scenarios for the climate and marine environment. Our conclusion is that the current hunting quota in the Baltic Sea is unsustainable. If the seal population is to continue to recover, the maximum number that can be hunted is 1,900 animals. But if there are other environmental changes that have a negative impact on population, that figure should also be reduced," says Daire Carroll.

The countries around the Baltic Sea have agreed that the grey seal population should be allowed to recover after coming close to extinction in the 20th century due to hunting and environmental contamination. Conflict with fisheries during this period led to a bounty on seals. A biproduct of this is that there are detailed statistics on how many seals were killed each year. Researchers at the University of Gothenburg were helped by their colleagues at the Swedish Museum of Natural History in Stockholm to produce data on the development of the grey seal in modern times. Thanks to the fact that seals are now used as an environmental indicator for the Baltic Sea, there is good data on the seals' numbers, fertility, and health.

Advantage of breeding on ice

"We created a model of how the seal population would have grown over the last 20 years if there had been no hunting. In this way, we can estimate the long-term effect of today's hunting quotas on the seal population. We have also simulated what a warmer climate would mean for the grey seal," says Daire Carroll.

Baltic grey seal pups have a greater chance of survival if they are born on sea ice instead of on land. On ice floes, mothers and pups can spread out over a larger area and the pups face fewer threats from other predators, humans, or infections that are easily spread in dense seal colonies on land.

As the seal population has grown, so has the conflict with the fishing industry, and in 2020, the protective hunt was supplemented with a licensed hunt in Finland and Sweden. In total, more than 3,000 animals could potentially be killed.

"The culling of individual seals that visit or destroy fishing gear has always been allowed and is not problematic for the survival of the population. It was a few hundred individuals per year and did not affect entire groups of seals. But the new licensed hunting, it is different, it risks hitting the survival of the grey seal hard," says Karin Harding, Professor of Ecology at the University of Gothenburg and co-author of the study, who has been researching seals since the late 1980s.
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Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks | ScienceDaily
This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.


						
New research from Queen Mary University of London led by Dr Dunja Aksentijevic in the Faculty of Medicine and Dentistry has revealed that that the genome of the naked mole-rat contains specific adaptations that allow them to survive in low-oxygen, and even no oxygen environments in their natural habitat. The findings also show the mammals' distinct cardiometabolic profile helps to avoid damage to their hearts caused by cardiovascular events.

Dr Aksentijevic led the team of scientists from London, Pretoria and Cambridge to sample heart tissue from the naked mole-rat and compared it to samples from other African mole-rat species (Cape, Cape dune, common, Natal, Mahali, highveld and Damaraland mole-rats), as well as evolutionarily divergent mammals (Hottentot golden mole and C57/BL6 mouse).

In this study, they found that the naked mole-rat has a unique expression of genes in heart cells controlling energy generation from sugars resulting in a metabolic profile that is distinct from any of the other mole-rats as well as the other species studied. These unique cardiac metabolic and genetic features of the naked mole-rat heart led to enhanced energy reserves even during blood occlusion and return of blood flow after in vitro simulated heart attack. Collectively, these adaptations result in the naked mole-rat 's tolerance to reduced oxygen and negligible damage to their heart tissue.

Dr Chris Faulkes, Reader (Associate Professor) in Evolutionary Ecology at Queen Mary and Lead Author, said: "Naked mole-rats live in a unique hypoxic and social environment, and we believe these factors have driven the evolution of special adaptations in their hearts that contribute to their exceptional longevity and health span,"

Dr Dunja Aksentijevic, Wellcome Trust Career Re-Entry Fellow, Reader (Associate Professor) in Cardiovascular Physiology and Metabolism at Queen Mary, said: "Unlike humans, who are prone to heart injury by hypoxia and anoxia caused by blood occlusion during heart attacks, NMR hearts have adapted to evade such damage. Thanks to our research, we are now able to understand the metabolic and genetic mechanisms underpinning this unique level of protection."
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New technique for predicting protein dynamics may prove big breakthrough for drug discovery | ScienceDaily
Understanding the structure of proteins is critical for demystifying their functions and developing drugs that target them. To that end, a team of researchers at Brown University has developed a way of using machine learning to rapidly predict multiple protein configurations to advance understanding of protein dynamics and functions.


						
A study describing the approach was published in Nature Communications on Wednesday, March 27.

The authors say the technique is accurate, fast, cost-effective and has the potential to revolutionize drug discovery by uncovering many more targets for new treatments.

In targeted cancer therapy, for example, treatments are designed to zero in on proteins that control how cancer cells grow, divide and spread. One of the challenges for structural biologists has been understanding cell proteins thoroughly enough to identify targets, said study author Gabriel Monteiro da Silva, a Ph.D. candidate in molecular biology, cell biology and biochemistry at Brown.

Monteiro da Silva uses computational methods to model protein dynamics and looks for ways to improve methods or find new methods that work best for different situations. For this study, he partnered with Brenda Rubenstein, an associate professor of chemistry and physics, and other Brown researchers to experiment with an existing A.I.-powered computational method called AlphaFold 2.

While Monteiro da Silva said that the accuracy of AlphaFold 2 has revolutionized protein structure prediction, the method has limitations: It allows scientists to model proteins only in a static state at a specific point in time.

"During most cellular processes, proteins will change shape dynamically," Monteiro da Silva said. "In order to match protein targets to drugs to treat cancer and other diseases, we need a more accurate understanding of these physiological changes. We need to go beyond 3D shapes to understanding 4D shapes, with the fourth dimension being time. That's what we did with this approach."

Monteiro da Silva used the analogy of a horse to explain protein models. The arrangement of the horse's muscles and limbs create different shapes depending on whether the horse is standing or galloping; protein molecules conform into different shapes due to the bonding arrangements of their constituent atoms. Imagine that the protein is a horse, Monteiro da Silva said. Previous methods were used to predict a model of a standing horse. It was accurate, but it didn't tell much about how the horse behaved or how it looked when it wasn't standing.




In this study, the researchers were able to manipulate the evolutionary signals from the protein to use AlphaFold 2 to rapidly predict multiple protein conformations, as well as how often those structures are populated. Using the horse analogy, the new method allows researchers to quickly predict multiple snapshots of a horse galloping, which means they can see how the muscular structure of the horse would change as it moved, and then compare those structural differences.

"If you understand the multiple snapshots that make up the dynamics of what's going on with the protein, then you can find multiple different ways of targeting the proteins with drugs and treating diseases," said Rubenstein, whose research focuses whose research focuses on electronic structure and biophysics.

Rubenstein explained that the protein on which the team focused in this study was one that had different drugs developed for it. Yet for many years, no one could understand why some of the drugs succeeded or failed, she said.

"It all came down to the fact that these specific proteins have multiple conformations, as well as to understanding how the drugs bind to the different conformations, instead of to the one static structure that these techniques previously predicted; knowing the set of conformations was incredibly important to understanding how these drugs actually functioned in the body," Rubenstein said.

Accelerating discovery time

The researchers noted that existing computational methods are cost- and time-intensive.




"They're expensive in terms of materials, in terms of infrastructure; they take a lot of time, and you can't really do these computations in a high throughput kind of way -- I'm sure I was one of the top users of GPUs in Brown's computer cluster," Monteiro da Silva said. "On a larger scale, this is a problem because there's a lot to explore in the protein world: how protein dynamics and structure are involved in poorly understood diseases, in drug resistance and in emerging pathogens."

The researchers described how Monteiro da Silva previously spent three years using physics to understand protein dynamics and conformations. Using their new A.I.-powered approach, the discovery time decreased to mere hours.

"So you can imagine what a difference that would make in a person's life: three years versus three hours," Rubenstein said. "And that's why it was very important that the method we developed should be high-throughput and highly efficient."

As for next steps, the research team is refining their machine learning approach, making it more accurate as well as generalizable, and more useful for a range of applications.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240327124705.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Heat, cold extremes hold untapped potential for solar and wind energy | ScienceDaily
Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy.


						
A Washington State University-led study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, also found that every region experienced power outages during these events in the past decade.

The findings, detailed in the journal Environmental Research Letters, suggest that using more renewable energy at these times could help offset increased power demand as more people and businesses turn on heaters or air conditioners.

"These extreme events are not going away anytime soon. In fact, every region in the U.S. experiences at least one such event nearly every year. We need to be prepared for their risks and ensure that people have reliable access to energy when they need it the most," said lead author Deepti Singh, a Washington State University climate scientist."Potentially, we could generate more power from renewable resources precisely when we have widespread extreme events that result in increased energy demand."

The study showed increased solar energy potential in all six U.S. regions during heat extremes, and in all but one region during cold ones, the area covered by the Texas-run grid. The researchers noted that atmospheric ridges or atmospheric high-pressure systems that cause intense heat, like the heat wave that hit the Pacific Northwest in 2021, are often characterized by cloudless, blue skies. Clear skies allow more of the sun's radiation to reach the Earth, which could be converted into power by solar panels.

Conditions for wind power were more variable, but at least three regions had increased potential to capture this type of energy during these hot and cold events: the Northeast during widespread cold, and both the Texas grid and a major Midwestern grid during heat waves.

For this analysis, Singh and her colleagues used long-term historical climate data along with power outage data from the U.S. Energy Information Administration. The researchers specifically looked at large heat and cold waves as opposed to localized events because they can impose greater stress across the entire power grid.




Previous research has shown that climate change is changing the characteristics of temperature extremes. Adding to that evidence, this analysis showed that large heat waves are increasing in frequency, particularly across the Western U.S. and Texas grids, rising by 123% and 132% respectively. In the West, they are also increasing in intensity, duration and extent, meaning that they are hotter, last longer and affect a larger area.

On the other hand, cold extremes are declining in frequency yet have remained mostly the same in terms of intensity, duration and extent. A notable example is the costly February 2021 cold wave that blanketed nearly the entire country. The event caused an estimated $24 billion in damage, including multiple days of power outages in Texas, and resulted in 226 deaths, according to a National Oceanic and Atmospheric Administration report.

Whether there were outages or not, all regions experience increased energy demand during such temperature extremes, and this strains their power grids, showing a need for alternate solutions.

Expanding solar and wind energy has the potential to improve the resilience of energy systems during extreme events to minimize service disruptions and associated adverse impacts, which are often felt the hardest among vulnerable, overburdened communities, said Singh. In addition to increasing climate resilience of the country's energy infrastructure, she also pointed out these renewable energy sources have multiple benefits.

"At the very least, solar and wind power do one other major thing: reduce air pollution that is associated with burning fossil fuels and is really bad for our health and the health of our ecosystems," she said. "Solar and wind are also conducive to having a more distributed energy system. They can be installed closer to communities where they're used, which can help advance energy equity and access."

This study identifies only the potential of solar and wind energy to help shore up power grids, the authors noted. More research and development would be needed to increase the resilience of energy grids to climate variability and extremes.

"There is complexity here because we have to think about vulnerabilities in transmission and distribution infrastructure as well as the environmental impact of expanding solar and wind systems, but hopefully these benefits can give us additional reasons to accelerate our transition towards renewable energy," said Singh. "There are also technological improvements that could help ensure that we can leverage renewable energy when it's needed. The capacity is there."

This study received support from the National Science Foundation and WSU.
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Looking to the past to prevent future extinction | ScienceDaily
During the Late Pleistocene, California -- at least at its lower elevations -- was teeming with vegetation. While much of North America was covered in Ice Age glaciers, here, mastodons lumbered across verdant meadows, stopping to feed on brush, warily eyeing the forest's edge for saber-tooth cats on the prowl for their calves.


						
Humans also flourished along the coastline, which extended hundreds of feet below where it is today.

But by 11,000 years ago, mastodons were extinct. Today, scientists are still debating the reasons for their demise: did human hunting do them in? Climate change? A cataclysmic event? Diminishing genetic diversity? Or some combination of factors?

Explaining what caused the extinctions of large animal species like the mastodon is often fraught due to the difficulty of piecing together an accurate picture of the past based on fragmentary evidence about the human and environmental pressures that may have contributed to their disappearance.

Now, San Diego State University researchers report in the journal Quaternary Research that they have created a computational model to help predict the likelihood of large animal extinctions. Their model accounts for the complexity of human-animal interactions, life history traits and environmental change and tests variations of these anthropogenic and environmental pressures.

The "megafauna hunting pressure model" could ultimately inform conservation management strategies and policy during a time when animal extinctions are skyrocketing, according to co-authors Miriam Kopels -- now a Ph.D. student at the University of Nevada, Las Vegas -- and Isaac Ullah, associate professor of anthropology.

"We have carefully crafted the model with understandings from anthropology and archaeology about human behavior and how humans interact with nature," said Ullah. "We're taking that knowledge and information and encapsulating it so that it can be applied to other cases."

Herds of giant buffalo




In developing their model, Kopels and Ullah turned to the case of Syncerus antiquus -- also called the Giant African buffalo -- a large grazing ungulate whose horns could reach nearly 10 feet from tip to tip. The species coexisted with humans for several hundred thousand years in Africa before going extinct between 12,000 and 10,000 years ago. There is no consensus in the scientific community about which factors contributed most to its extinction, according to the researchers.

"Some people have said these animals just died because of the climate changes associated with the end of the Ice Age, and other people are saying no, humans did it, and this debate has sort of raged with no clear winner, because both of those arguments are reasonable, both of them can be supported with the empirical evidence that exists," said Ullah.

In their case study, Kopels and Ullah considered how human behavior, the animal's behavior and demographics, and environmental factors interacted to form a social-ecological system which adapts to changes over time. They based some of their inputs on known life history characteristics of the Cape buffalo (Syncerus caffer) -- a related species which is still living today -- and adjusted them based on differences in the animals' sizes, for example.

They ran computer simulations to see how populations of Syncerus antiquus would fare under 24 scenarios involving different human hunting pressures and preferences and environmental conditions, including the patchiness of their grassland habitat and length of the growing season.

"If the animal was more like this and if people were doing hunting strategies more like that, and the climate was a little bit like this, what would happen? And we can tweak the variables as we do it, and actually understand the percentage of times that this hunting strategy in this climate, this environment, with this species is going to lead to an extinction event," said Ullah.

After running the simulations 40 times for each scenario, the researchers calculated the probability that a Syncerus antiquus population would go extinct.




Kopels and Ullah found that when male buffalo were aggressive -- leading hunters to target females instead -- localized extinction was much more likely. When the climate and food source were unreliable, extinction occurred more rapidly.

"Those particular animals are really important for the population dynamics," said Ullah. "If you reduce the number of breeding females by just a small amount, you disrupt the entire breeding cycle for these slow reproductive, large bodied animals, and just over a few decades that can have a really major impact."

The simulations show that extinction will not occur in every scenario where hunting pressure is high or environmental conditions are unfavorable, the researchers conclude in their paper -- whether looking at the paleoanthropological record or to the future. But certain combinations of these conditions will feedback on each other to enhance the likelihood of extinction, helping to explain why some species have gone extinct but not others.

"If you just change some parameters, you can create a version of the model that takes into account the reproductive biology of any animal," said Ullah.

Preventing future extinctions

Ullah is in the process of applying the model to heritage cattle in the American Southwest in order to develop an understanding of how to plan for sustainability under changing climatic conditions.

In the face of the current mass extinction crisis, he thinks it could also be applied to wildlife species at risk of extinction today, from black rhinos to desert tortoises, helping to identify tipping points where the species are most vulnerable, thus allowing conservationists to develop more effective strategies to protect them.

"We hope that conservation professionals will utilize this tool to simulate how predation, environmental constraints, and animal life history all interact to increase -- or decrease -- the odds of an extinction event," said Kopels.
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New enzymatic cocktail can kill tuberculosis-causing mycobacteria | ScienceDaily
With resistance to chemical antibiotics on the rise, the world needs entirely new forms of antibiotics. A new study published in Microbiology Spectrum, a journal of the American Society for Microbiology, shows that an enzymatic cocktail can kill a variety of mycobacterial species of bacteria, including those that cause tuberculosis. The research was carried out by scientists at Colorado State University and Endolytix Technologies.


						
"We have a mycobacterial drug that works for Nontuberculous Mycobacteria and M. tuberculosis that is biological, not phage therapy, and not small molecule antibiotics," said Jason Holder, Ph.D., a study coauthor and Founder and Chief Science Officer at Endolytix Technology. "Mycobacterial infections are particularly hard to treat due to poor efficacy with standard of care drugs that are used in multidrug regimens resulting in significant toxicities and treatments lasting 6 months to years. This is often followed up by reemergence of the bacterial infection after a year of testing negative."

In the new proof of principle study, the researchers took a biological approach instead of a chemical one to develop a cocktail of enzymes that attack the cell envelope of mycobacteria. The cocktail of enzymes contains highly specific biochemical catalysts that target and degrade the mycobacteria cell envelope that is essential for mycobacterial viability. To increase efficacy, the researchers delivered the enzymatic drug inside of host macrophages where mycobacteria grow. In laboratory experiments, the drug was effective against M. tuberculosis and Nontuberculous Mycobacteria (NTMs), both lethal pulmonary lung diseases (PD). TB kills roughly 1.5 million people per year.

"We characterized the mechanism of bactericide as through shredding of the bacterial cells into fragments," Holder said. "We've shown we can design and develop biological antibiotics and deliver them to the sites of infection through liposomal encapsulation. By combining drug delivery science with enzymes that lyse bacteria, we hope to open up treatment options in diseases such as NTM pulmonary disease, tuberculosis pulmonary disease and others."

According to study coauthor Richard Slayden, Ph.D., a professor in the Department of Microbiology, Immunology and Pathology at Colorado State University, the new therapy complements current standard-of-care drugs and does not have many of the drug-drug interactions that are problematic with many anti-mycobacterial drugs in use. "Endolytix enzymes work powerfully with standard-of-care antibiotics to kill bacteria with lower drug concentrations," Holder said. "This has the potential to reduce the significant toxicities associated with multi-drug regimens that are the standard for mycobacterial infections and hopefully lead to more rapid cures."
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What if the heavy rain would have fallen 50 kilometers away? | ScienceDaily
Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience. In a recent study, a team of researchers led by Bruno Merz and Sergiy Vorogushyn from the GFZ German Research Centre for Geosciences proposes a new strategy to motivate society to discuss appropriate risk management strategies: They are developing a series of hypothetical extreme flooding scenarios in Germany by shifting previously observed precipitation events by a few tens of kilometres in space and then calculating their effects using a flood model. 


						
Such scenarios are not improbable, as the actual precipitation could have fallen several dozen kilometres away. This results in events that are more than twice as severe as the most devastating flood in Germany since 1950. It also shows that regions spared in the past cannot feel safe, as they could also have been hit hard by destruction. The results were published in the journal Environmental Research Letters.

Background: Not well prepared for extraordinary events

Flooding affects more people globally than any other natural hazard. The July 2021 floods in Western Europe alone caused more than 220 fatalities and damage totalling almost EUR 50 billion. Despite tremendous impacts of exceptional floods in recent decades and their predicted, more frequent occurrence in the future, society is often unwilling to discuss and prepare for such events.

Surveys have shown that people find it difficult to empathise with events that they have not experienced themselves: They are then not good at predicting the negative effects of severe flooding. And they tend to judge the likelihood of an event by how easily they can imagine it. In addition, people and organisations generally find it difficult to think about threatening prospects and feel uncomfortable planning for situations that would harm themselves.

As a result, society is often surprised and little prepared when events occur that are more serious than what they have previously experienced -- with catastrophic consequences1. "The lack of preparedness to think about and prepare for exceptional flooding is worrying, as exceptional events are expected to occur more frequently in a warmer world. Hence, there is a need to develop exceptional scenarios which can also be understood by non-experts," says Bruno Merz, Head of the Hydrology Section at the GFZ German Research Centre for Geosciences in Potsdam and Professor of Hydrology at the University of Potsdam.

New approach: virtual spatial displacement of past extreme events

The severity of an event is often described in terms of return periods, such as the 100-year or 1000-year flood. This expresses the fact that an event of this severity only occurs on average every 100 or 1000 years. The probability of this occurring in a given year is therefore 1:100 or 1:1000. However, this concept is not easily accessible to laypeople.




Instead, the research team led by Bruno Merz and Sergiy Vorogushyn, senior scientist in the GFZ Hydrology Section, proposes using alternative spatial scenarios. These so-called counterfactual scenarios are alternative possibilities for past events, i.e. scenarios that did not occur but could have happened. To develop them, the researchers shift the precipitation fields of past floods and simulate the consequences that would have resulted if the paths of the low-pressure areas that caused them had taken a different route.

"We assume that it is easy for even laypeople to understand that a low-pressure system that caused heavy rain in a certain region could have developed slightly differently. As a result, a region that was spared at the time could have been hit and an affected region could have been hit much harder -- so they were just lucky at the time," explains Merz.

For their study, the researchers selected the ten most damaging floods in Germany since 1950 and shifted the rainfall at that time to three distances -- 20, 50 and 100 kilometres -- and eight directions. Such shifts are well justified in view of the mechanisms involved: The paths of precipitation-forming low-pressure systems are dominated by non-linear interactions on scales of [?]1,000 kilometres or more. Therefore, the precipitation fields of individual events can also develop differently if the overall meteorological situation is slightly different. These 24 counterfactual precipitation events for each of the ten largest disasters were fed into a flood model in order to quantify the severity of the flood for the corresponding regions in Germany.

Results using the example of the Christmas flood of 1993 

It turned out that the shift in precipitation can lead to much more severe flooding than the actual event. The Christmas floods of 1993 serve as an example:

Widespread and partially extreme precipitation in December 1993 led to flooding along the Middle and Lower Rhine at Christmas 1993, leading to several fatalities and inundations in three federal states. In Cologne alone, more than 13,500 households were affected. A counterfactual flood results here from a shift in the precipitation field by 50 kilometres towards the north-east. If the rain would have fallen there, many of the flood-hit locations would have been affected harder. And, in addition, many locations that have been spared from havoc would have been hit by river water levels surpassing flood defences.




Areas in the Weser river basin, that was only mildly affected in 1993, for example, would have experienced floods greater than the 100-year flood. Overall, the counterfactual scenarios generate peak discharges at more than 70 per cent of the 516 river gauges across Germany considered in this study that exceed the record floods currently recorded there.

Outlook: Utilising counterfactual scenarios for risk management

"Given that risk management tends to focus on the largest observed floods, the ease with which our approach generates many new flood-of-records is disturbing," summarises Merz.

"Our new approach is able to generate plausible exceptional scenarios that could be used to communicate flood risk to lay people and support flood risk management. Although damages cannot completely be prevented when exceptional floods occur, risk management can limit disastrous impacts," adds Sergiy Vorogushyn.

For example, forecasting, early warning and evacuation schemes can prevent fatalities. Spatial planning and infrastructure management can ensure that sensitive infrastructure such as care homes for the elderly and critical infrastructure such as power stations are either not located in hazardous zones or are protected against inundation.

In addition, infrastructure management can design backup and redundancy measures for continuous operation during inundation and develop measures that enable a rapid return to minimum service levels if a failure cannot be prevented.
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Biologists uncover new species of tiger beetle: Eunota houstoniana | ScienceDaily
Rice University evolutionary biologist Scott Egan and his research team have unearthed a new species of tiger beetle, deemed Eunota houstoniana, honoring the Houston region where it predominantly resides.


						
The team employed cutting-edge genetic sequencing technology alongside traditional measurements of their physical appearance and geographic range data to redefine species boundaries within the Eunota circumpicta species complex. This approach, known as integrative taxonomy, allowed them to identify distinct biological entities previously overlooked.

The study is published online in  Nature Scientific Reports.

"It is amazing that within the city limits of Houston, we still don't know all the species of insects or plants we share our region with," Egan said. "I'm always interested in learning more about the biodiversity of the Gulf Coast."

The Eunota houstoniana was once considered synonymous with the more common Eunota circumpicta, but the team's research revealed significant differences, emphasizing the need for a refined process to species delineation.

Eunota houstoniana exhibits distinct genetic and physical characteristics. It is slightly smaller in size, its metallic coloring is more subdued, and it has unique behavior and habitat preferences.

Moreover, the new species gravitates towards saline soils often found near salt domes and oil extraction sites along the Gulf Coast. Its habitat ranges from coastal regions to inland areas, showcasing its adaptability and ecological significance.




The discovery of Eunota houstoniana underscores the urgency of biodiversity conservation. Its habitats are increasingly jeopardized by urbanization and agricultural or industrial activities, and although newly discovered, Eunota houstoniana is likely a threatened species, according to Egan.

"Because of all the growth around Houston, some of these populations have likely gone extinct while others have been hiding right out our back door," Egan said.

Egan's research team for Eunota houstoniana includes lead author Dan Duran, department of environmental science at Rowan University; Robert Laroche, ecology and evolutionary biology Ph.D. student at Rice; Ethan Bull, undergraduate student at Rice; David Herrmann from Dallas; Will Godwin from Sam Houston State University; and Steve Roman, collection of arthropods at Florida State University.

In a related project, Egan and Laroche recently described another new species from the same genus, the Eunota luecophasma, or the white ghost tiger beetle from West Texas, further highlighting the diversity and importance of these creatures in our region.

"Hopefully, our integrative approach to species delimitation becomes the standard for the field of biology, where, unfortunately, many organisms have not had the same level of attention that the charismatic tiger beetles have had," Laroche said.

Eunota houstoniana marks the 17th new species described by Egan and his collaborators during his 11 years at Rice. His work at Rice since 2013 has been instrumental in uncovering and describing previously unknown insect species in the state.

In Texas, there are around 62 known species of tiger beetles, but that is likely an underestimate of the diversity that exists, according to Egan. By identifying and documenting such species, researchers like those in Egan's laboratory provide essential groundwork for conservation efforts.
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Implantable batteries can run on the body's own oxygen | ScienceDaily
From pacemakers to neurostimulators, implantable medical devices rely on batteries to keep the heart on beat and dampen pain. But batteries eventually run low and require invasive surgeries to replace. To address these challenges, researchers in China devised an implantable battery that runs on oxygen in the body. The study, published March 27 in the journal Chem, shows in rats that the proof-of-concept design can deliver stable power and is compatible with the biological system.


						
"When you think about it, oxygen is the source of our life," says corresponding author Xizheng Liu, who specializes in energy materials and devices at Tianjin University of Technology. "If we can leverage the continuous supply of oxygen in the body, battery life won't be limited by the finite materials within conventional batteries."

To build a safe and efficient battery, the researchers made its electrodes out of a sodium-based alloy and nanoporous gold, a material with pores thousands of times smaller than a hair's width. Gold has been known for its compatibility with living systems, and sodium is an essential and ubiquitous element in the human body. The electrodes undergo chemical reactions with oxygen in the body to produce electricity. To protect the battery, the researchers encased it within a porous polymer film that is soft and flexible.

The researchers then implanted the battery under the skin on the backs of rats and measured its electricity output. Two weeks later, they found that the battery can produce stable voltages between 1.3 V and 1.4 V, with a maximum power density of 2.6 mW/cm2. Although the output is insufficient to power medical devices, the design shows that harnessing oxygen in the body for energy is possible.

The team also evaluated inflammatory reactions, metabolic changes, and tissue regeneration around the battery. The rats showed no apparent inflammation. Byproducts from the battery's chemical reactions, including sodium ions, hydroxide ions, and low levels of hydrogen peroxide, were easily metabolized by the body and did not affect the kidneys and liver. The rats healed well after implantation, with the hair on their back completely regrown after four weeks. To the researchers' surprise, blood vessels also regenerated around the battery.

"We were puzzled by the unstable electricity output right after implantation," says Liu. "It turned out we had to give the wound time to heal, for blood vessels to regenerate around the battery and supply oxygen, before the battery could provide stable electricity. This is a surprising and interesting finding because it means that the battery can help monitor wound healing."

Next, the team plans to up the battery's energy delivery by exploring more efficient materials for the electrodes and optimizing the battery structure and design. Liu also noted that the battery is easy to scale up in production and choosing cost-effective materials can further lower the price. The team's battery may also find other purposes beyond powering medical devices.

"Because tumor cells are sensitive to oxygen levels, implanting this oxygen-consuming battery around it may help starve cancers. It's also possible to convert the battery energy to heat to kill cancer cells," says Liu. "From a new energy source to potential biotherapies, the prospects for this battery are exciting."
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Sap beetles vs wind: What pollinates screw pines? | ScienceDaily
Researchers Toru Miyamoto, Ko Mochizuki, and Atsushi Kawakita of the University of Tokyo have discovered the first species pollinated by sap beetles in the genus Pandanus, a group of palm-like plants native to the tropics and subtropics of Africa and Eurasia. The discovery overturned the long-held belief that these plants were pollinated by wind. The researchers also found that fragrant screw pines' male and female flowers produced heat at night stably, making them the first such species in the family Pandanaceae. The findings were published in the Botanical Journal of the Linnean Society.


						
The genus Pandanus, a member of the family Pandanaceae, boasts around 450 species spread around the paleotropical region. The species of this genus have male inflorescences, clusters of flowers on branches, that are pendent and nectarless, which has made scientists assume they are pollinated by wind. However, some of their other properties, such as floral scent and the fact that female inflorescences mature while bracts (specialized leaves) are still present, suggest otherwise. To clarify the pollination mechanisms, the researchers decided to investigate a species native to subtropical Japan called Pandanus odorifer, commonly known as fragrant screw pines.

The researchers took a multistep approach. They conducted fieldwork during three flowering seasons between 2020 and 2022 on five islands of the Ryukyu Archipelago. They observed visitors at various flowering stages. Although many small insects visited the flowers, Amystrops sap beetles were the most numerous. So, the team examined the amount of pollen attached to the beetles' bodies to ascertain whether the amount was enough for pollination. The team also needed to verify whether the beetles were visiting the flowers when they were receptive to pollination. Measuring the receptivity of stigmas, a necessary element for pollination, overlapped with the highest number of beetles found visiting the flowers. These findings together suggest that Amystrops sap beetles are pollinators of fragrant screw pines. However, the team did not stop there. There had been reports of genus Pandanus in the past that claimed their inflorescences were warm. However, thermogenesis had not been formally investigated before.

"We were very surprised," Miyamoto recalls, "when we found that the floral organs of the P. odorifer actually generated heat. Although it was relatively easy to predict that beetles would be found in the inflorescences, we did not expect to discover floral thermogenesis, both in male and female reproductive organs."

Although Pandanus species are one of the iconic species in the paleotropical region, surprisingly little is known about them. So, in addition to the current findings, many more surprising facts must be out there, waiting to be discovered. Thus, Miyamoto lays out the next steps for further research.

"Pollination research in the family Pandanaceae is a hot topic, and there are high hopes for developments in the future. As such, we would like to elucidate the pollination ecology of the family Pandanaceae in regions where its species are diverse, particularly in Madagascar and South-East Asia."
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Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present | ScienceDaily
In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations?Now, a new comparative study in the Journal of Dairy Science, published by the American Dairy Science Association and Elsevier, has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the past and milk today share more similarities than differences and are still crucial building blocks of human nutrition.


						
On New Year's Day in 1908, explorer Ernest Shackleton's British Antarctic Expedition aboard the ship Nimrod set sail from Lyttelton, New Zealand, on a quest to be the first to set foot on the South Pole. While the wharf was packed with well-wishers, the ship was packed with dairy: 1,000 pounds of dried whole milk powder, 192 pounds of butter, and two cases of cheese. Shackleton and his crew would make it farther south than anyone before them -- within 100 nautical miles of the Pole -- and leave behind their base camp.

A century later, one remaining container of Defiance brand whole milk powder was discovered during the Antarctic Heritage Trust restoration project, having been frozen at Shackelton's base camp for the past 100 years.

Lead investigator Skelte G. Anema, DPhil, principal research scientist with Fonterra Research and Development Centre in Palmerston North, New Zealand, explained the discovery's significance: "The Shackleton dried milk is possibly the best-preserved sample manufactured during the pioneering years of commercial milk powder production, and its discovery gives us a once-in-a-lifetime chance to understand the similarities and differences between a roller-dried milk powder manufactured over 100 years ago with modern spray-dried counterparts."

Dr. Anema noted, "Before we had vacuum-assisted evaporation, milk powders in the early twentieth century were manufactured by a roller-drying process involving boiling-hot milk being poured between two steam-heated revolving cylinders so that the water evaporated, leaving a thin sheet of dried milk that would have been milled and sieved."

We know these early milk powders weren't as sophisticated as they are today, but what other differences existed?

With the help of the Antarctic Heritage Trust, Dr. Anema and an interdisciplinary team of scientists with the Fonterra Research and Development Centre were able to study a few hundred grams of Defiance milk. They set out to compare it with two modern-day commercial, noninstantized spray-dried whole milk powder samples from Fonterra. Their analysis involved comparing the major component composition, major and trace mineral composition, protein composition, fatty acid composition, phospholipid composition microstructural properties, color analysis, and volatile component analysis of the different whole milk powder samples.




The results proved surprising and contrary to claims of changes in milk over time.

Dr. Anema elaborated, "Despite more than a century between the samples, the composition of bulk components and detailed protein, fat, and minor components have not changed drastically in the intervening years."

The fatty acid composition, phospholipid composition, and protein composition, including casein and whey protein genetic variations, were, in general, remarkably similar.

The major mineral components were also alike between samples, except for high levels of lead, tin, iron, and other trace minerals found in the Shackleton whole milk powder -- likely from the tin-plated can it was stored in and the equipment and water supply of the day.

Dr. Anema clarified, "These issues have been essentially eliminated from modern milk powders through the use of stainless steel and quality water services."

Another notable difference was the presence of oxidation-related volatile aroma compounds in the Shackleton samples.




Dr. Anema said, "Perhaps from less-than-ideal collection and storage of the raw milk before drying, but it's much more likely that -- even in frozen conditions -- being stored in an open tin for a century is going to result in continued oxidation."

Despite the remarkable similarities, the team was eager to point out that the modern spray-dried whole milk powders were substantially superior in terms of the powder quality -- particularly regarding appearance and their ability to be easily dissolved in water.

Overall, this Antarctic time capsule provides a rare and important glimpse into the evolution of dairy food production and highlights the improvements the dairy sector has made as well as its enduring influence.

Dr. Anema noted, "The Shackleton samples are a testament to the importance of dairy products -- which are rich in protein and energy as well as flexible enough to be powdered for easy transport, preparation, and consumption."

Whether at the turn of the twentieth century or today, these results underscore the fact that dairy products serve as an essential foundation for human nutrition -- fueling our discoveries past and present.
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Old immune systems revitalized in mouse study, improving vaccine response | ScienceDaily
Planes, trains, boats, automobiles and even feet. During the past decades and centuries, global travel and human migration have made all of us more worldly -- from our broadening awareness of the world beyond our birthplaces, to our more sophisticated palates, to our immune systems that are increasingly challenged by unfamiliar bacteria and viruses.


						
In the elderly, these newly imported pathogens can gain the upper hand frighteningly quickly. Unfortunately, however, vaccination in this age group isn't as effective as it is in younger people.

Now a study conducted in mice by Stanford Medicine and the National Institute of Health's Rocky Mountain Laboratories provides tantalizing evidence that it may one day be possible to rev up an elderly immune system with a one-time treatment that modulates the composition of a type of immune cell.

The treatment significantly improved the ability of geriatric animals' immune systems to tackle a new virus head on, as well as to respond vigorously to vaccination -- enabling them to fight off a new threat months later.

"This is a real paradigm shift -- researchers and clinicians should think in a new way about the immune system and aging," said postdoctoral scholar Jason Ross, MD, PhD. "The idea that it's possible to tune the entire immune system of millions of cells simply by affecting the function of such a rare population is surprising and exciting."

Ross and Lara Myers, PhD, a research fellow at Rocky Mountain Laboratories, are the lead authors of the study, which will be published March 27 in Nature. Irving Weissman, MD, professor of pathology and of developmental biology, and Kim Hasenkrug, PhD, the chief of Rocky Mountain Laboratories' Retroviral Immunology Section, are the senior authors of the research.

A shift in the immune system

The targeted cells are a subset of what's known as hematopoietic stem cells, or HSCs. HSCs are the granddaddies of the immune system, giving rise to all the other types of blood and immune cells including B and T cells, which are collectively known as lymphocytes. As we age, our HSCs begin to favor the production of other immune cells called myeloid cells over lymphocytes. This shift hampers our ability to fully react to new viral or bacterial threats and makes our response to vaccination much less robust than that of younger people.




"Older people just don't make many new B and T cell lymphocytes," said Weissman, who is the Virginia and D.K. Ludwig Professor in Clinical Investigation in Cancer Research. "During the start of the COVID-19 pandemic it quickly became clear that older people were dying in larger numbers than younger people. This trend continued even after vaccinations became available. If we can revitalize the aging human immune system like we did in mice, it could be lifesaving when the next global pathogen arises."

Weissman was the first to isolate HSCs in mice and humans in the late 1980s. In the years since, he and his colleagues have investigated the molecular minutiae of these cells, painstakingly tracing the complicated relationships among the scores of cell types that arise in their wake.

Some of these descendants make up what's known as the adaptive immune system: highly specialized B and T lymphocytes that each recognize just one particular three-dimensional structure -- perhaps a pointy bit here or a telltale knobby clump there -- that betrays an invading virus or bacteria. Like trained assassins once they spot their mark, B lymphocytes churn out antibodies that latch onto the telltale structures and target infected or foreign cells for destruction, while various subtypes of T lymphocytes either demolish infected cells or raise a hue and cry to summon other immune cells to finish off the enemy.

The specificity of the B and T lymphocytes allows the immune system to have memory; once you've been exposed to a specific invader, the body reacts swiftly and decisively if that same pathogen is seen again. This is the basic concept behind vaccination -- trigger an initial response to a harmless mimic of a dangerous bacteria or virus. In response, the lymphocytes that recognize the invader not only give rise to cells that eliminate the infection but also generate long-lived memory B and T cells that, in some cases, can last a lifetime. Thus, the system is primed when the threat becomes real.

Another key part of our immune system is called innate immunity, and it's much less discriminating. In the blood, it's run by a class of cells called myeloid cells. Like school janitors, these cells scour the body, gobbling up any unfamiliar cells or bits of detritus. They also trigger inflammatory responses, which recruit other cells and chemicals to infected sites. Inflammation helps the body protect itself against invaders, but it can be a major problem when triggered inappropriately or overenthusiastically, and aging has been linked to chronic inflammation in humans.

An evolutionary disadvantage

Ross and Weissman knew from previous research that during aging, the number of HSCs that make balanced proportions of lymphocytes and myeloid cells decline, while those that are myeloid-biased increase their numbers. This favors the production of myeloid cells. Early in human history, when people rarely left their birthplace and lived shorter lives, this gradual change probably had no consequences (it may even have been favorable) because people were likely to encounter all their surrounding pathogens by young adulthood and be protected by their memory lymphocytes. But now it's distinctly disadvantageous.




The researchers wondered if they could tilt the balance back toward a younger immune system by depleting myeloid-leaning HSCs and allowing the more balanced HSCs to replace them. Their hunch was correct. Mice between 18 and 24 months old (doddering in the mouse world) that were treated with an antibody targeting the myeloid-leaning HSCs for destruction had more of the balanced HSCs -- and more new, naive B and T lymphocytes -- than their untreated peers even several weeks later.

"These new, naive lymphocytes provide better immune coverage for novel infections like those humans increasingly encounter as our world becomes more global," Weissman said. "Without this renewal, these new infectious agents would not be recognized by the existing pool of memory lymphocytes."

The treatment also reduced some negative outcomes like inflammation that can arise when an elderly immune system grapples with a new pathogen.

"Not only did we see a shift toward cells involved in adaptive immunity, but we also observed a dampening in the levels of inflammatory proteins in the treated animals," Ross said. "We were surprised that a single course of treatment had such a long-lasting effect. The difference between the treated and untreated animals remained dramatic even two months later."

When the treated animals were vaccinated eight weeks later against a virus they hadn't encountered before, their immune systems responded more vigorously than untreated animals', and they were significantly better able to resist infection by that virus. (In contrast, young mice used as controls passed all the challenges with flying colors.)

"Every feature of an aging immune system -- functional markers on the cells, the prevalence of inflammatory proteins, the response to vaccination and the ability to resist a lethal infection -- was impacted by this single course of treatment targeting just one cell type," Ross said.

Finally, the researchers showed that mouse and human myeloid-biased HSCs are similar enough that it may one day be possible to use a similar technique to revitalize aging human immune systems, perhaps making a person less vulnerable to novel infections and improving their response to vaccination.

"We believe that this study represents the first steps in applying this strategy in humans," Ross said.

The study also has interesting implications for stem cell biology and the way HSCs rely on biological niches, or specific neighborhoods of cells, for their longevity and function throughout our lives.

"Most people in immunology have believed that you lose these kinds of tissue-specific stem cells as you grow older," Weissman said. "But that is completely wrong. The problems arise when you start to favor one type of HSC over another. And we've shown in mice that this can be reversed. This finding changes how we think about stem cells during every stage of aging."

The study was funded by the National Institutes of Health (grants R35CA220434, R01DK115600 and R01AI143889), the Virginia and D.K. Ludwig Fund for Cancer Research, the RSNA Resident/Fellow Research Grant, a Stanford Cancer Institute Fellowship grant, and the Ellie Guardino Research Fund.
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Evolution of the most powerful ocean current on Earth | ScienceDaily
The Antarctic Circumpolar Current plays an important part in global overturning circulation, the exchange of heat and CO2 between the ocean and atmosphere, and the stability of Antarctica's ice sheets. An international research team led by the Alfred Wegener Institute and the Lamont-Doherty Earth Observatory have now used sediments taken from the South Pacific to reconstruct the flow speed in the last 5.3 million years. Their data show that during glacial periods, the current slowed; during interglacials, it accelerated. Consequently, if the current global warming intensifies in the future, it could mean that the Southern Ocean stores less CO2 and that more heat reaches Antarctica. The study was just released in the journal Nature.
What moves 100 times as much water as all the Earth's rivers combined, measures 2,000 kilometres across at its widest point, and extends all the way down to the deep sea? The Antarctic Circumpolar Current (ACC). In the past, this ocean current system, the most powerful on Earth, was subject to substantial natural fluctuation, as recent analyses of sediment cores have revealed. Colder phases in the Pliocene and subsequent Pleistocene, during which the ACC slowed, correlate to advances of the West Antarctic Ice Sheet. In warmer phases the ACC accelerated, accompanied by the retreat of the ice sheet. "This loss of ice can be attributed to increased heat transport to the south," says Dr Frank Lamy, a researcher in the Marine Geology Division of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI) and first author of the Nature study. "A stronger ACC means more warm deep water reaches the ice-shelf edge of Antarctica."
"The ACC has a major influence on heat distribution and CO2 storage in the ocean. Until recently, it remained unclear how the ACC responds to climate fluctuations, and whether changes in the ACC offset or amplify the effects of warming," says Lamy. "Therefore, to improve forecasts of our future climate and the stability of the Antarctic Ice Sheet using computer simulations, we need paleo-data that can tell us something about the intensity of the ACC in past warm phases in Earth's history."
To gather that data, in 2019 an international expedition led by Lamy and geochemist Prof Gisela Winckler from the Lamont-Doherty Earth Observatory, Columbia University (USA) ventured to the central South Pacific on board the drilling ship JOIDES Resolution. There, in the subantarctic zone, the research team extracted two extensive drill cores, gathered at a depth of 3600 metres. "The drill sites are in the vicinity of Point Nemo, the point on the Earth that is farthest from any landmass or island, where the ACC flows without any influences from continental landmasses," explains Prof Helge Arz, a marine geologist at the Leibniz Institute for Baltic Sea Research in Warnemunde and one of the study's main authors. "Using the sediment deposits in this region, we can reconstruct its mean flow speed in the past."
The 145- and 213-metre-deep drill cores in the South Pacific were part of the International Ocean Discovery Program (IODP), the goal of which is to unlock Earth's history on the basis of geochemical traces left behind in marine sediments and rock formations under the seafloor. They were preceded by extensive reconnaissance work done on various expeditions with the research vessel Polarstern. The sediment cores date back 5.3 million years and encompass three entire epochs: 
    	the Pliocene, during which it was up to three degrees warmer than today and the atmospheric CO2 concentration, at more than 400 ppm, was similar to today's;
    	the Pleistocene, which began 2.6 million years ago and was characterised by alternating ice ages (glacials) and warm periods (interglacials);
    	and the Holocene, a warm period that began roughly 12,000 years ago, following the last ice age, and continues up to the present.

Drawing on the layers in the cores, which correspond to different epochs, the experts analysed the size distribution of the sediment particles, which are deposited differently on the seafloor, depending on the water's flow speed. This allowed them to trace the evolution of the ACC since the early Pliocene, when a prolonged cooling of the climate began. Sediment cores from previous Polarstern cruises to the South Pacific offered additional clues on the dynamics of the ACC.
Their findings show that, up to three million years ago in the Pliocene, the ACC first accelerated as the Earth gradually cooled. This was due to a growing temperature gradient between the Equator and Antarctica, which produced powerful westerly winds - the main motor of the ACC. Despite the prolonged cooling, it then began to slow. "The switch came at a time when the climate and the circulation in the atmosphere and the ocean experienced major changes," says Frank Lamy. "2.7 million years ago, at the end of the Pliocene, broad expanses of the Northern Hemisphere were covered in ice and the Antarctic ice sheets expanded. This was due to changes in ocean currents, set off by tectonic processes, together with a long-term cooling of the ocean and decreasing atmospheric CO2 levels."
With regard to the last 800,000 years, in which the atmospheric CO2 levels varied from 170 to 300 ppm, the researchers were able to identify a close connection between ACC strength and glacial cycles: during warm periods, in which the atmospheric CO2 levels rose, the flow speed increased by up to 80 percent compared to the present; during ice ages, it decreased by up to 50 percent. At the same time, during transitions between interglacials and glacials there was a shift in the ACC's position and therefore in the upwelling of nutrient-rich deep water in the Southern Ocean, as geochemical sediment analyses revealed. They show that the silicate shells of diatoms - the most important phytoplankton in the Southern Ocean - were deposited on the seafloor farther north in ice ages than in warm periods.
"A weaker ACC and lower atmospheric CO2 levels during the ice ages of the Pleistocene indicate less pronounced upwelling and more stratification in the Southern Ocean, that is, more CO2 storage," says Gisela Winckler. Due to anthropogenic climate change, the study concludes, the ACC could grow stronger in the future. This could impact the CO2 balance of the Southern Ocean and lead to accelerated melting of Antarctic ice.
Background: the Antarctic Circumpolar Current

As a circular current flowing clockwise around Antarctica, the Antarctic Circumpolar Current (ACC) connects the Atlantic, Pacific and Indian Oceans. As such, it has a pivotal role in global ocean circulation and, through the Atlantic conveyor belt, ultimately influences the climate in Europe. Driven by the powerful westerly winds of the subantarctic zone, and by temperature and salinity differences between the subtropics and the Southern Ocean, the ACC forms a barrier for the warm surface water of the subtropics on its way to the Antarctic. At the same time, comparatively warm deep water from the Atlantic and Pacific flows into it. Large ocean gyres that are formed in the ACC and wander south, together with the upwelling of deep water, transport heat to the ice shelves on the continental margin, especially in the Pacific sector of the Antarctic. Moreover, the upwelling produced by the ACC brings nutrients to the surface, which drives algal growth while amplifying biological carbon export to the deep sea in the process - but also the transport of CO2, which is released into the atmosphere.
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UK rabbit owners can recognize pain in their pets, study finds | ScienceDaily
Rabbits are popular family pets, with around 1.5 million* in the UK and it is important that owners can recognise when their animal is in pain, and know when to seek help to protect their rabbit's welfare. New research by the University of Bristol Veterinary School has found the majority of rabbit owners could list signs of pain and could mostly identify pain-free rabbits and those in severe pain, but many lacked knowledge of the subtler sign of pain.


						
The study, published in BMC Veterinary Research today [27 March], provides the first insight into how rabbit owners identify pain and their general ability to apply this knowledge to detect pain accurately.

Rabbits are prey species and have evolved to hide signs of illness and pain. Recent research has developed pain scales for use by veterinary professionals -- including the Bristol Rabbit Pain Scale (BRPS) -- but to date research hasn't investigated rabbit owners' ability to recognise pain in their animals.

The study explored how owners identify pain in their pet rabbits and their ability to correctly spot different levels of pain, and to find out areas in which owners would benefit from education.

Owners were recruited via a variety of routes including Facebook and completed a two-part online survey. Part one collected data on demographics, owners' knowledge of pain signs and beliefs about pain in rabbits. Part two asked respondents to pain score eight videos, recorded during routine veterinary treatment, of rabbits in different levels of pain for comparison to pain scores made by three experts.

The researchers used a simplified version of the BRPS which involved a single 0 to 3 scale. The research team explored the number of pain signs each respondent could list, the total score given to the videos, and their difference from the experts' scores.

A total of 500 people completed part one of the survey and 345 completed part two. Respondents were mostly able to identify five signs of pain (such as anorexia, and changes in posture and movement), but many were less aware that decreases in grooming behaviour and changes to eye and ear position can also be signs of pain. Women, people who worked with rabbits, and those with experience of their rabbit having an operation recognised pain more accurately.

Overall, 98.6 per cent of respondents thought correctly that rabbits felt pain as much or more than dogs and cats. In part two, respondents more frequently agreed with the experts when identifying rabbits in no pain (88.8 per cent) and severe pain (65.2 per cent), but there was lower agreement when recognising mild (28.4 per cent) and moderate pain (43.2 per cent). Respondents overall rated pain lower than experts with an average total pain score of 11.9 compared to 18 given by the expert.

Dr Nicola Rooney, Senior Lecturer in Wildlife and Conservation at Bristol Veterinary School and corresponding author, said: "Most rabbit owners were able to list numerous pain signs and were generally able to recognise pain-free rabbits and those in severe pain. Owners' ability to differentiate between mild and moderate pain is more limited and they could benefit from training in the subtler signs of pain. Veterinary professionals should also be aware of areas where owners' knowledge can be improved."

Charlotte Forder, lead author, who conducted the study for her final BSc Veterinary Nursing and Bioveterinary Science research dissertation, added: "Our study highlighted a gap in the communication between owners and veterinary professionals. Speaking to, and advising, owners when animals are having procedures is important, so the animal has the best outcome. It is also a great opportunity for the veterinary community to educate owners about signs of pain in rabbits."
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The behavior of ant queens is shaped by their social environment | ScienceDaily
The queens in colonies of social insects, such as ants, bees, and wasps, are considered the veritable embodiment of specialization in the animal kingdom. The common perception is that the queen's only task is to lay eggs -- and that this attribute is an inherent trait, not influenced by external factors. In contrast, recent research undertaken at Johannes Gutenberg University Mainz (JGU) has demonstrated that in certain ant colonies the social environment can play a crucial role in shaping the behavioral specialization of the queens. "With regard to the ant species we studied, it is social factors that control whether queens become specialized or not. Our findings challenge the widely accepted notion of social insect queens as inherently specialized egg-laying machines," stated Dr. Romain Libbrecht.


						
The research was conducted by the Reproduction, Nutrition, and Behavior in Insect Societies group at JGU under the supervision of Dr. Romain Libbrecht, an evolutionary biologist. The corresponding paper has recently been published in Functional Ecology. Dr. Romain Libbrecht currently works at the Centre National de la Recherche Scientifique (CNRS) in the Insect Biology Research Institute of the University of Tours.

Concept of insect societies as superorganisms consisting of specialized individuals

It is generally assumed that social insect colonies consist of queens that monopolize reproduction and sterile workers responsible for all non-reproduction-related tasks, such as the care of the brood, i.e., eggs and larvae. Libbrecht's team now questioned this basic assumption. They focused on ant species where the queens found new colonies alone and without the help of workers. "Interestingly, these founding queens are not yet specialized in terms of their behavior at this stage of their lives," Libbrecht pointed out. "They themselves assume all tasks in the nest, such as brood care, to ensure successful production of the first generation of workers."

In their experiments, Libbrecht's group studied the black garden ant Lasius niger that is native to Germany. They found the social environment to be a core factor in determining the behavioral specialization of founding queens. "The introduction of workers in the nests of founding queens suppressed the natural predisposition of the queens to look after their brood themselves. And, conversely, when we isolated queens specialized in egg-laying from their workers, they rapidly reverted to the brood care behavior observed in the case of founding queens, even after many years of specialization."

Revision of the accepted view of the division of labor in insect societies

Libbrecht emphasized that the behavior observed during the study challenges the traditional view of social insect queens as being intrinsically specialized in egg production. Instead, the findings demonstrate that the presence of workers not only triggers the egg-laying specialization of queens but also actively maintains it in established colonies. The discovery of such social control of queen specialization may reshape our understanding of the functioning of insect societies and their division of labor.

Romain Libbrecht was head of the Reproduction, Nutrition, and Behavior in Insect Societies group at the Institute of Organismic and Molecular Evolution (IOME) at Johannes Gutenberg University Mainz from 2016 to 2022. Since 2023, he has been a researcher at the Insect Biology Research Institute at the CNRS of the University of Tours. He is particularly interested in examining how organisms adjust their reproduction, physiology, and behavior in response to environmental conditions.
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New testing approach improves detection of rare but emerging Powassan virus spread by deer ticks | ScienceDaily
Researchers at the New England Regional Center of Vector-Borne Diseases at the University of Massachusetts Amherst have come up with a new, more accurate method for detecting in ticks the emerging Powassan virus, which can cause life-threatening neuroinvasive disease, including encephalitis and meningitis.


						
This robust, real-time approach reduces the incidence of false positive test results, the NEWVEC researchers found. The team describes the study in a special issue of the journal Viruses, titled "Tick-borne Viruses: Transmission and Surveillance."

"Powassan has been a growing concern in New England for the past several years and false positives can confound efforts to surveil," says vector-borne disease expert Stephen Rich, professor of microbiology at UMass Amherst and principal investigator and executive director of NEWVEC. "The development of sensitive detection methods for diagnostics and surveillance is critical."

Named after the town in Ontario, Canada, where it was first identified in 1958 in a 5-year-old boy who died from encephalitis, Powassan virus is a flavivirus related to West Nile and other mosquito-borne viruses.

Though still rare, Powassan virus is drastically increasing in incidence in the U.S., predominantly in the Northeast and Great Lakes region. More than 10% of the record 290 U.S. cases reported in 2022 (compared to only one case per year from 2004 to 2006) resulted in death, and half of the survivors suffered long-term neurological damage. The virus is transmitted to humans primarily by Ixodes scapularis, the same blood-sucking deer ticks that transmit Lyme disease, babesiosis and other tick-borne illnesses.

The team at NEWVEC -- which brings together academic communities, public health practitioners and residents and visitors across the Northeast in an effort to reduce diseases spread by ticks and mosquitoes -- developed a triplex real-time PCR test for the simultaneous and quantitative detection of the Powassan virus and Powassan virus lineage II (deer tick virus) in Ixodes scapularis, or deer ticks. (The prototype Powassan virus is found mostly inIxodes cookei and Ixodes marxi ticks that feed almost exclusively on woodchucks in their burrows and rarely bite humans or human pets.)

The NEWVEC team conducted a tick survey in coastal and offshore Massachusetts, focusing on 13 sites from the highly endemic regions of tick-borne diseases in Cape Cod and Martha's Vineyard. They tested the ticks for Powassan virus, comparing their new triplex PCR method to the standard, commercially available Luminex xMap technology.




"The good news is that ours works as well as the other one. So, in other words, everything that the other one could detect, we could detect," Rich explains. "The great news is that we also overcame the problem of false negatives, which is what happens when a sample is not of sufficient quality that any test would ever be able to detect the virus in it."

The new triplex method accomplishes a reduction in false negatives by using a "clever" quality control. Both tests seek to detect the presence of Powassan virus RNA. "But we also had a paired search for the RNA from the tick, which is present in every tick regardless of whether it has the virus or not," Rich says. "And what that tells us is, if we can amplify tick RNA, then we have some hope of being able to detect the virus RNA. If we don't detect the tick DNA, then we have no hope of being able to detect the virus RNA.

"And before we developed that method, people would be left to wonder -- if they were inquisitive -- whether a negative result meant that the virus wasn't there or that the sample wasn't testable. So, we've ruled out that latter possibility. And now we know with some assurance that when a tick tests negative, it's a true negative. It's not that the sample just isn't good enough."

In the areas surveyed, "We found pockets of high incidence of this virus," Rich says.

Powassan virus was detected at four of six sites in Cape Code and two of seven sites in Martha's Vineyard. Of 819 ticks collected, 33 (4.03%) tested positive for Powassan virus and 752 tested as Powassan negative, using the new triplex method. Thirty-four ticks (4.15%) failed the quality control tick RNA test. That showed that the standard Luminex method underestimated the overall prevalence of Powassan virus because those 34 ticks were found Powassan negative. And only 30 ticks tested positive using the Luminex method, demonstrating that the triplex technique has a higher sensitivity to detect the virus RNA.

Infection rates reached as high as 10.43% at one site in Truro on Cape Cod, and were completely absent at seven other sites. All the ticks that tested positive for the Powassan virus also were positive for the lineage II deer tick virus.

The researchers say they hope this improved triplex PCR test will be useful in transmission studies and as a tool to monitor and prevent Powassan virus infections in Massachusetts and other areas where the virus has been reported.

"Powassan virus is only a threat to people through the bite of tick," Rich says. "That's why these highly accurate and sensitive tests of the tick are so valuable in assessing where and when risk of exposure is highest."
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Curbside collection improves organic waste composting, reduces methane emissions | ScienceDaily
Most organic household waste ends up in landfills where it generates methane, a powerful greenhouse gas. Composting food and garden waste instead of sending it to landfills can significantly reduce methane emissions and help mitigate global warming. A new study from the University of Illinois Urbana-Champaign explores the effects of curbside compost collection programs in New South Wales, Australia.


						
"Governments around the world are interested in composting organic waste and reducing their methane emissions, and they are looking for ways to make waste collection more convenient for households. As municipal composting services were being rolled out in Australia, we wanted to measure how these policies affected household waste disposal behavior," said Becca Taylor, assistant professor in the Department of Agricultural and Consumer Economics, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Between 2009 and 2015, 24 local government councils in New South Wales, Australia's most populous state, adopted curbside services to collect food and garden waste for recycling into compost. Households received a red bin for general waste, a yellow bin for recycling, and a green bin for organic waste. Information campaigns educated people on the types of waste allowed in the bins, and some councils provided small kitchen caddies to make waste sorting easier.

Taylor and coauthor Lihini de Silva, Monash Business School, Australia, analyzed household waste data from annual New South Wales government waste and resource recovery reports from 2008 to 2015.

"We had access to data for all three curbside waste streams: landfill, recycling, and the newly added compost, so we could see spillover and linkages between them. We found the programs were very successful in getting organic waste out of the landfill. On average households redirected 4.2 kilograms of waste to composting, which represents 25% of the waste that previously went to landfills," Taylor stated.

In some areas, people could put both food scraps and garden waste in the green bins, while other areas only allowed for garden waste. When the researchers compared the two types, they did not find large differences in quantities, which suggests most of the compost came from garden waste.

"People were willing to compost garden waste if they were given the bins to do so. However, there is still room for improvement in getting food waste from landfill to compost, and additional interventions might be needed in addition to providing the bins," Taylor said.




Based on the Australian data, Taylor and de Silva estimated that moving a ton of organic waste from landfill to compost would result in 6% to 26% reductions in methane emissions. They noted these results could vary for other locations because calculations are based on the specific compost and landfill technologies that are used.

"We also wanted to see if composting affected other recycling or waste amounts. It could go either way -- people could be reminded to recycle other waste as well, or the additional time and effort could result in less general recycling. Another concern was whether giving people an extra bin would increase the total amount of waste," Taylor said. "However, we did not find significant effects on recycling rates, so it's not crowding out other recycling, but also not encouraging it. We also found no effects on the total amount of waste."

Methane traps heat in the atmosphere around 30 times more effectively than carbon dioxide. It remains in the atmosphere for a much shorter amount of time, so reductions in methane emissions have a more immediate impact on reducing global warming. Landfills are the third largest source of human-related methane emissions, after fossil fuels and livestock. Composting organic waste instead of sending it to landfills provides an important and low-cost way to reduce methane emissions, the researchers explained.

"These compost collection programs facilitate methane emission reductions without reducing the amount of waste. This underscores that recycling is important, but generating less waste in the first place would result in even greater emission reductions. Both measures are important elements of sustainable practices," Taylor concluded.
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Researchers find energy development and tree encroachment impact Wyoming pronghorn | ScienceDaily
While Wyoming is home to some of North America's most abundant populations of pronghorn that have largely been stable in recent years, a new analysis shows that many herds are experiencing long-term declines in fawn production.


						
Those declines are primarily a result of oil and gas development and encroachment of trees, according to researchers from the University of Wyoming, the University of Florida, the University of Nebraska-Lincoln, the University of Arkansas and the Northern Plains Agricultural Research Laboratory. Their findings have been published in the journal Global Ecology and Conservation.

The study included data collected by the Wyoming Game and Fish Department for 40 pronghorn herds covering much of Wyoming -- home to about half of North America's population of the iconic animal -- over a 35-year period from 1984-2019. In addition to analyzing the Game and Fish Department's extensive information from annual pronghorn population surveys, the researchers looked at region-specific data regarding oil and gas development, roads, fire, invasive plants, tree encroachment and precipitation patterns.

"Long-term declines in (pronghorn) productivity were associated with increases in oil and gas development and woody encroachment," wrote the research team, led by former University of Nebraska researcher Victoria Donovan, now with the University of Florida, and Professor Jeff Beck, of UW's Department of Ecosystem Science and Management. They found that "both tree cover and oil and gas development have increased substantially across most herd units in Wyoming over the last 40 years."

"Other drivers of global change viewed as threats to pronghorn -- including nonnative annual grass invasions, wildfire, roads and increased winter precipitation -- were not prominent drivers of long-term declines in pronghorn productivity," the scientists concluded.

While oil and gas development already is widely recognized as impacting Wyoming's rangelands and the species on those lands, the researchers noted that tree encroachment is not generally viewed as a threat to the state's sagebrush ecosystems. That's likely because average tree cover ranged from less than 1 percent to 18 percent across the 40 pronghorn herd unit areas.

But even low levels of invading trees have been shown to have drastic impacts on sagebrush-dependent wildlife, the scientists wrote. For Wyoming's pronghorn, the increase in trees could be providing cover for predators; driving loss of forage associated with sagebrush and grassland cover; and causing pronghorn to avoid those areas.

The researchers suggest that efforts to prevent and manage tree growth amid sagebrush ecosystems could be important for Wyoming pronghorn to maintain their numbers. This could include manual removal of trees and controlled burning.

"Our results contribute to the overwhelming evidence that early management of invading trees within sagebrush habitat will help protect iconic rangeland species like pronghorn," they wrote. "Preventative management and management applied in the early phases of encroachment is, thus, the most impactful and cost-effective approach."
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Researchers show that introduced tardigrade proteins can slow metabolism in human cells | ScienceDaily
University of Wyoming researchers have gained further insight into how tardigrades survive extreme conditions and shown that proteins from the microscopic creatures expressed in human cells can slow down molecular processes.


						
This makes the tardigrade proteins potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

The new study, published in the journal Protein Science, examines the mechanisms used by tardigrades to enter and exit from suspended animation when faced by environmental stress. Led by Senior Research Scientist Silvia Sanchez-Martinez in the lab of UW Department of Molecular Biology Assistant Professor Thomas Boothby, the research provides additional evidence that tardigrade proteins eventually could be used to make life-saving treatments available to people where refrigeration is not possible -- and enhance storage of cell-based therapies, such as stem cells.

Measuring less than half a millimeter long, tardigrades -- also known as water bears -- can survive being completely dried out; being frozen to just above absolute zero (about minus 458 degrees Fahrenheit, when all molecular motion stops); heated to more than 300 degrees Fahrenheit; irradiated several thousand times beyond what a human could withstand; and even survive the vacuum of outer space.

They survive by entering a state of suspended animation called biostasis, using proteins that form gels inside of cells and slow down life processes, according to the new UW-led research. Co-authors of the study are from institutions including the University of Bristol in the United Kingdom, Washington University in St. Louis, the University of California-Merced, the University of Bologna in Italy and the University of Amsterdam in the Netherlands.

Sanchez-Martinez, who came from the Howard Hughes Medical Institute to join Boothby's UW lab, was the lead author of the paper.

"Amazingly, when we introduce these proteins into human cells, they gel and slow down metabolism, just like in tardigrades," Sanchez-Martinez says. "Furthermore, just like tardigrades, when you put human cells that have these proteins into biostasis, they become more resistant to stresses, conferring some of the tardigrades' abilities to the human cells."

Importantly, the research shows that the whole process is reversible: "When the stress is relieved, the tardigrade gels dissolve, and the human cells return to their normal metabolism," Boothby says.




"Our findings provide an avenue for pursuing technologies centered on the induction of biostasis in cells and even whole organisms to slow aging and enhance storage and stability," the researchers concluded.

Previous research by Boothby's team showed that natural and engineered versions of tardigrade proteins can be used to stabilize an important pharmaceutical used to treat people with hemophilia and other conditions without the need for refrigeration.

Tardigrades' ability to survive being dried out has puzzled scientists, as the creatures do so in a manner that appears to differ from a number of other organisms with the ability to enter suspended animation.
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In paleontology, correct names are keys to accurate study | ScienceDaily
When the skeletal remains of a giant ground sloth were first unearthed in 1796, the discovery marked one of the earliest paleontological finds in American history.


						
The animal, named Megalonyx by Thomas Jefferson in 1799, was the first genus of fossil named from the United States. Thought to have roamed North America during one of the last ice ages, the extinct giant ground sloth was an herbivorous mammal resembling a large bear -- at full size, it likely reached nearly 10 feet tall (3 meters) and weighed about as much as a small elephant.

The report made by Jefferson, an avid fossil collector who was known to keep bones at the White House, was among the earliest papers in the scientific field that would eventually become paleontology, and may have played a role in the development of certain zoological naming conventions.

Though Jefferson named only the genus Megalonyx, public misinterpretation of the spelling of the scientific name began with the second published paper on this giant ground sloth. Later on, confusion about the true author and timing of the report caused paleontologists to debate over what the specimen's true name should be.

In an effort to settle the dispute, Loren Babcock, a professor of earth sciences at The Ohio State University, reviewed the nomenclatural history of the animal and argues that misinterpretation or spelling errors of the original harm the scientific process and disregard the importance of early paleontological work.

In an article published recently in the journal ZooKeys, Babcock asserts that since Jefferson fulfilled all the necessary requirements for establishing the formal zoological name of the giant ground sloth, he should be recognized as the true author of the genus. And because Jefferson's original moniker was spelled as Megalonyx, any other subsequent spellings of the name, like some that utilize the -onix suffix, are incorrect. Additionally, the report notes that the original spelling of the animal's species-group name, Megalonyx jeffersonii, is only correct when written with an -ii ending.

"At the time, there were no standards for publication of new names in zoology," said Babcock. "There was a binomial system of nomenclature, a genus and species name that would be attached to things, but there were no rules other than that."

Today, when a new species is discovered, scientists give it a name with two parts: The first name describes the animal's genus, or group, and the second is its species name. Until the mid-1800s, it was common practice to label animals with only a genus name, which is how Jefferson's original paper described Megalonyx. Although his observations were published more than a quarter century before paleontology was considered a formal science, it does meet modern naming requirements -- meaning his authorship of it is valid, said Babcock.




"We have rules in science just like we do in other aspects of our culture," said Babcock. "They ensure that the correct procedures are followed and we can give credit where it is due."

Resolving some of these long-standing issues is important, Babcock said, and it's worth setting the record straight. "I want to set the original usage in stone because Jefferson had done it correctly from the start," said Babcock. "It's pretty black and white. There's not much room for ambiguity when you go back and read the original manuscripts."

In the long run, having strict naming conventions also helps scientists accurately document the history of life on Earth, because what paleontologists choose to call a specimen can have profound implications for how it's studied and how those findings are communicated.

Megalonyx jeffersonii, for instance, was initially mistaken as a carnivore when its "giant claw" was compared to that of a large African lion. Jefferson soon corrected this, but his initial observations of the giant ground sloth's remains contributed to the way that Megalonyx would later be reconstructed and influenced some of the earliest developments of the discipline, and earned him the title of father of American paleontology, said Babcock.

Decades later, the first relatively complete skeleton of Megalonyx jeffersonii was found in 1890 in Holmes County, Ohio. "This skeleton has had a major impact on the history of science," Babcock said. "It's really influenced so much of the perception of paleontology and paleontological art over time."

Asone of the earliest free-standing prehistoric specimens to be mounted and displayed in an American museum, it's been used as a unique learning tool for past and future paleontologists alike. It was also a model that was later applied for dinosaur skeleton reconstructions, said Babcock. This popularity has led many other versions of Megalonyx jeffersonii to appear across digital media and pop culture throughout the past century, most notably in the "Ice Age" films as Sid the ground sloth.




Today, the reconstructed skeleton of Megalonyx jeffersonii resides in Ohio State's Orton Geological Museum, where it has been on display since April 13, 1896. And for decades, it's been known by many as simply "Jeff" for short.

Although few truly know all the details of its backstory, Babcock, who is the current director of the Orton Museum, remains confident that the legacy of Thomas Jefferson's Megalonyx jeffersonii will stand tall for centuries to come.

"Understanding the history of paleontology casts light not just on the evolution of organisms, but on the evolution of science and how we interpret that evolutionary history," he said. "So names are something that I think historians will always pay attention to."
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Severe hurricanes boost influx of juveniles and gene flow in a coral reef sponge | ScienceDaily

Many sponges can survive severe damage and undergo frequent fragmentation, which is considered a mechanism for asexual reproduction. While fragmentation is a commonly utilized reproductive strategy in rope sponges, they also can reproduce sexually by producing larvae. How and whether they recolonize following extreme weather events is critical for the restoration and resilience of coral reef ecosystems.

Hurricanes Irma and Maria -- both in 2017 -- were two rapid succession storms that provided researchers from Florida Atlantic University's Harriet L. Wilkes Honors College and Harbor Branch Oceanographic Institute, and collaborators from the University of the Virgin Islands, the University of Mississippi and the University of Alabama, with a unique opportunity to address a priority concern -- the resilience of coral reef sponge populations after severe hurricanes.

The researchers are the first to evaluate substrate recolonization by sponges in the U.S. Virgin Islands after these two catastrophic storms using genetic analyses to understand how much clonality verses sexual recruitment occurs on coral reefs post-storms. To date, studies of storm impacts have largely focused on scleractinian or stony corals.

Results of the study, published in the journal Molecular Ecology, reveal that populations of clonal marine species with low pelagic dispersion, such as A. cauliformis, may benefit from increased frequency and magnitude of hurricanes to maintain genetic diversity and combat inbreeding, enhancing the resilience of Caribbean sponge communities to extreme storm events.

The A. cauliformis population before the hurricanes was highly clonal but shifted to greater sexual reproduction for recolonization after the hurricanes, with 85 percent of sexual reproduction mainly due to local larval recruitment. Major storm events favored sponge larval recruitment but did not increase the genetic diversity.

"Branching coral populations exposed to intermediate or low storm frequencies are known to have primarily sexual populations, whereas sites with the highest storm frequencies have mostly clonal populations," said Andia Chaves Fonnegra, Ph.D., principal investigator and an assistant professor of biology in FAU's Harriet L. Wilkes Honors College and Harbor Branch. "In contrast, our findings showed greater recruitment of sexually derived sponge larvae than clones arising from fragmentation/regeneration after these extreme events, maintaining genetic diversity. Because A. cauliformis sponges reproduce both asexually via fragmentation and sexually, interactions between these mechanisms may maximize their dispersal efficiency and their likelihood of successfully recolonizing habitats."

Larval recruits (genets) and fragments (ramets) were detected at all St. Thomas sampling locations post-hurricane, indicating a potential for rapid population recovery for this species that was not affected by site physiography.




At all sites combined, 65.8 percent of the pre-hurricane adult sponges were genets compared to 85.1 percent of the post-hurricane juveniles. This suggests that recolonization of A. cauliformis after the hurricanes was largely due to sexual reproduction, with gene flow across distances up to 60 kilometers, between St. Croix and Buck Island in St. Thomas, detected among the study sites.

For the study, scuba divers collected small samples of the thin purple morphotype sponges 14 and 22 months after the two Category 5 hurricanes in St. Thomas. Researchers then extracted genomic DNA from the sponge samples using a genotyping method based on sequencing uniform fragments called 2b-RAD. This emerging method is used for mapping, population genetics, genetic mapping and estimating alleles. Genetic diversity was estimated for the pre-hurricane (adults) and post-hurricane (adults and juveniles) populations as expected (He) and observed (Ho) heterozygosities with inbreeding coefficient (FIS) and compared.

"Over short time scales, intermittent disturbances such as hurricanes can alter the structure and function of the coral reef benthic community and impact recovery time," said Chaves Fonnegra. "However, as we have demonstrated in our study, storm events don't affect all reef species equally and can promote diversity by creating open substrate for larval attachment and recruitment."

Given predictions of more frequent intense hurricanes as climate continues to change, it is likely that major disturbances such as the unprecedented landfall of the two Category 5 hurricanes in St. Thomas will continue to influence the population structure of coral reef species and their ecological interactions.

Study co-authors are Iris Segura-Garcia, Ph.D., first author and a former postdoctoral fellow in the Chaves Fonnegra Lab; Julie B. Olsen, Ph.D., a professor of biological sciences, University of Alabama; Deborah J. Gochfeld, Ph.D., principal scientist, Department of Biomolecular Studies, the University of Mississippi; and Marilyn E. Brandt, Ph.D., research associate professor, University of the Virgin Islands.

This research was funded by Chaves Fonnegra start-up funds and a National Science Foundation RAPID grant (OCE-1807807, Gochfeld, OCE-1808233, Olson and OCE1810616, Brandt).
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Silicon spikes take out 96% of virus particles | ScienceDaily
An international research team led by RMIT University has designed and manufactured a virus-killing surface that could help control disease spread in hospitals, labs and other high-risk environments.


						
The surface made of silicon is covered in tiny nanospikes that skewer viruses on contact.

Lab tests with the hPIV-3 virus -- which causes bronchitis, pneumonia and croup -- showed 96% of the viruses were either ripped apart or damaged to the point where they could no longer replicate to cause infection.

These impressive results, featured on the cover of top nanoscience journal ACS Nano, show the material's promise for helping control the transmission of potentially dangerous biological material in laboratories and healthcare environments.

Spike the viruses to kill them 

Corresponding author Dr Natalie Borg, from RMIT's School of Health and Biomedical Sciences, said this seemingly unsophisticated concept of skewering the virus required considerable technical expertise.

"Our virus-killing surface looks like a flat black mirror to the naked eye but actually has tiny spikes designed specifically to kill viruses," she said.




"This material can be incorporated into commonly touched devices and surfaces to prevent viral spread and reduce the use of disinfectants."

The nano spiked surfaces were manufactured at the Melbourne Centre for Nanofabrication, starting with a smooth silicon wafer, which is bombarded with ions to strategically remove material.

The result is a surface full of needles that are 2 nanometers thick -- 30,000 times thinner than a human hair -- and 290 nanometers high.

Specialists in antimicrobial surfaces 

The team led by RMIT Distinguished Professor Elena Ivanova has years of experience studying mechanical methods for controlling pathogenic microorganisms inspired by the world of nature: the wings of insects such as dragonflies or cicadas have a nanoscale spiked structure that can pierce bacteria and fungi.

In this case, however, viruses are an order of magnitude smaller than bacteria so the needles must be correspondingly smaller if they are to have any effect on them.




The process by which viruses lose their infectious ability when they contact the nanostructured surface was analysed in theoretical and practical terms by the research team.

Researchers at Spain's Universitat Rovira i Virgili (URV), Dr Vladimir Baulin and Dr Vassil Tzanov, computer simulated the interactions between the viruses and the needles.

RMIT researchers carried out a practical experimental analysis, exposing the virus to the nanostructured surface and observing the results at RMIT's Microscopy and Microanalysis Facility.

The findings show the spike design to be extremely effective at damaging the virus' external structure and piercing its membranes, incapacitating 96% of viruses that came into contact with the surface within six hours.

Study first author, Samson Mah, who completed the work under an RMIT-CSIRO Masters by Research Scholarship and has now progressed to working on his PhD research with the team, said he was inspired by the practical potential of the research.

"Implementing this cutting-edge technology in high-risk environments like laboratories or healthcare facilities, where exposure to hazardous biological materials is a concern, could significantly bolster containment measures against infectious diseases," he said.

"By doing so, we aim to create safer environments for researchers, healthcare professionals, and patients alike."

The project was a truly interdisciplinary and multi-institutional collaboration carried out over two years, involving researchers from RMIT, URV (Spain), CSIRO, Swinburne University, Monash University and the Kaiteki Institute (Japan).

This study was supported by the ARC Research Hub for Australian Steel Manufacturing and by the ARC Industrial Transformational Training Centre in Surface Engineering for Advanced Materials.
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Discovery of amino acid unveils how light makes plants open | ScienceDaily
Scientists from Nagoya University have discovered a novel regulatory mechanism that controls the opening of stomata in plants, which is crucial for harnessing solar energy through photosynthesis. The team uncovered the role of phosphorylation at the 881st threonine residue (Thr881) of the plasma membrane proton pump in response to red and blue light in this process. This research opens up possibilities for manipulating plant physiology in specific ways, benefiting agriculture and the environment. The researchers reported their findings in Nature Communications.


						
"This phosphorylation event, previously unknown, activates the proton pump, facilitating stomatal opening and enhancing photosynthetic activity," lead researcher Toshinori Kinoshita said. "The findings shed light on the intricate signaling pathways underlying plant responses to light and hold promise for future applications in plant engineering."

Stomata are microscopic pores on the surface of plant leaves. They play a crucial role in gas exchange by regulating the uptake of carbon dioxide essential for photosynthesis. Understanding the molecular mechanisms that govern stomatal opening in response to environmental signals, such as light, is fundamental to plant physiology and cultivation. Recent advances in understanding stomatal opening have increased the growth and yields of important crop plants.

A key part of this process is phosphorylation of amino acids, especially Thr. Phosphorylation is adding or removing a phosphate group from an amino acid using an enzyme. It acts like an on/off switch, altering the structure and function of the protein depending on whether the phosphate is present.

Researchers from the Institute for Transformative Biomolecules (WPI-ITbM) and the Graduate School of Science at Nagoya University collaborated to investigate the role of an amino acid, Thr881. They employed extensive phosphoproteomic analysis on protoplasts derived from cells of thale cress (Arabidopsis thaliana).

The phosphorylation of Thr881 was observed in response to both red and blue light conditions. The dual activation mechanism, which relies on both photosynthesis and the blue light receptor phototropin, emphasizes the complex interaction between light signaling and physiological responses in plants.

Further investigations using Arabidopsis thaliana mutants confirmed the essential role of Thr881 phosphorylation in stomatal opening. When they made plants expressing a mutant proton pump lacking Thr881 phosphorylation, they found reduced stomatal aperture and transpiration rates, underscoring the significance of this regulatory mechanism.




They concluded that Thr-881 of the membrane protein AHA1, together with Thr-948, was phosphorylated in response to blue light. Phosphorylation of both Thr-881 and Thr-948 is crucial for activation of the enzyme H+ -ATPase, which allows stomatal opening.

"Through this research, we have been able to identify a crucial amino acid responsible for the activation of the plasma membrane proton pump," Kinoshita said. "By modifying the amino acid, we can potentially control stomatal opening."

The researchers also observed Thr881 phosphorylation in leaves and shoots, indicating that it plays a broader role in plant physiology beyond regulating stomata.

"The plasma membrane proton pump functions in all plant cells, playing a vital role not only in the opening of the stomatal gland but also in the uptake of nutrients in the roots, the transport of photosynthetic products, and pollen tube elongation," Kinoshita said. "This suggests that the manipulation of Thr881 could contribute to promoting plant growth, increasing carbon dioxide absorption, and reducing the use of fertilizers such as nitrogen and phosphorus."
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Mathematical innovations enable advances in seismic activity detection | ScienceDaily
Amidst the unique landscape of geothermal development in the Tohoku region, subtle seismic activities beneath the Earth's surface present a fascinating challenge for researchers. While earthquake warnings may intermittently alert us to seismic events, there exist numerous smaller quakes that have long intrigued resource engineers striving to detect and understand them.


						
Mathematical innovations from Tohoku University researchers are advancing detection of more types -- and fainter forms -- of seismic waves, paving the way for more effective earthquake monitoring and risk assessment.

The results of their study were published in IEEE Transactions on Geoscience and Remote Sensing on January 15, 2024.

Collection of seismic data relies on the number and positioning of sensors called seismometers. Especially where only limited deployment of seismic sensors is possible, such as in challenging environments like the planet Mars or when conducting long-term monitoring of captured and stored carbon, optimizing data extraction from each and every sensor becomes crucial. One promising method for doing so is polarization analysis, which involves studying 3-D particle motion and has garnered attention for its ability to leverage three-component data, offering more information than one-component data. This approach enables the detection and identification of various polarized seismic waveforms, including S-waves, P-waves and others.

Polarization analysis using a spectral matrix (SPM) in particular is a technique used to analyze the way particles move in three dimensions over time and at different frequencies, in other words, in the time-frequency domain. However, in scenarios where the desired signal is weak compared to background noise -- known as low signal-to-noise ratio (SNR) events, which are typical in underground reservoirs -- SPM analysis faces limitations. Due to mathematical constraints, it can only characterize linear particle motion (meaning the fast-moving, easy-to-detect P-waves), making the analysis of other waveforms (such as the secondary arriving S-waves) challenging.

"We overcame the technical challenges of conventional SPM analysis and expanded it for broader polarization realization by introducing time-delay components," said Yusuke Mukuhira, an assistant professor at the Institute of Fluid Science of Tohoku University and lead author of the study.

Compared to existing techniques, his team's incorporation of time-delay components enhanced the accuracy of SPM analysis, enabling the characterization of various polarized waves, including S-waves, and the detection of low-SNR events with smaller amplitudes.




A key innovation in the study is the introduction of a new weighting function based on the phase information of the first eigenvector -- a special vector that, when multiplied by the matrix, results in a scaled version of the original vector. The purpose of the weighting function is to assign different levels of importance to different parts of signals according to their significance, thereby reducing false alarms. Synthetic waveform tests showed that this addition significantly improved the evaluation of seismic wave polarization, a crucial factor in distinguishing signal from noise.

"Technically, we have developed a signal processing technique that improves particle motion analysis in the time and frequency domain," Mukuhira said.

The research team validated their methodology using real-world data recorded at the Groningen gas field in the Netherlands. The results showcased superior seismic motion detection performance, bringing to light two low-SNR events that had previously gone unnoticed by conventional methods.

These findings hold the potential for applications across various fields, including seismology and geophysics, particularly in monitoring underground conditions with limited observation points. The implications extend to earthquake monitoring, planetary exploration and resource development.
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Scientists on the hunt for evidence of quantum gravity's existence at the South Pole | ScienceDaily
University of Copenhagen team contributes to an Antarctic large-scale experiment striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.


						
Several thousand sensors distributed over a square kilometer near the South Pole are tasked with answering one of the large outstanding questions in physics: does quantum gravity exist? The sensors monitor neutrinos -- particles with no electrical charge and almost without mass -- arriving at the Earth from outer space. A team from the Niels Bohr Institute (NBI), University of Copenhagen, have contributed to developing the method which exploits neutrino data to reveal if quantum gravity exists.

"If as we believe, quantum gravity does indeed exist, this will contribute to unite the current two worlds in physics. Today, classical physics describes the phenomena in our normal surroundings such as gravity, while the atomic world can only be described using quantum mechanics. The unification of quantum theory and gravitation remains one of the most outstanding challenges in fundamental physics. It would be very satisfying if we could contribute to that end," says Tom Stuttard, Assistant Professor at NBI.

Tom Stuttard is co-author of a scientific article recently published by the journal Nature Physics. The article presents results from a large study by the NBI team and American colleagues. More than 300,000 neutrinos have been studied. However, these are not neutrinos of the most interesting type originating from sources in deep space. The neutrinos in this study were created in the Earth's atmosphere, as high-energy particles from space collided with Nitrogen or other molecules.

"Looking at neutrinos originating from the Earth's atmosphere has the practical advantage that they are by far more common than their siblings from outer space. We needed data from many neutrinos to validate our methodology. This has been accomplished now. Thus, we are ready to enter the next phase in which we will study neutrinos from deep space," says Tom Stuttard.

Travelling undisturbed through the Earth

The IceCube Neutrino Observatory is situated next to the Amundsen-Scott South Pole Station in Antarctica. In contrast to most other astronomy and astrophysics facilities, IceCube works the best for observing space at the opposite side of the Earth, meaning the Northern hemisphere. This is because while the neutrino is perfectly capable of penetrating our planet -- and even its hot, dense core -- other particles will be stopped, and the signal is thus much cleaner for neutrinos coming from the Northern hemisphere.




The IceCube facility is operated by the University of Wisconsin-Madison, USA. More than 300 scientists from countries around the world are engaged in the IceCube collaboration. University of Copenhagen is one of more than 50 universities having an IceCube center for neutrino studies.

Since the neutrino has no electrical charge and is nearly massless, it is undisturbed by electromagnetic and strong nuclear forces, allowing it to travel billions of lightyears through the Universe in its original state.

The key question is whether the properties of the neutrino are in fact completely unchanged as it travels over large distances or if tiny changes are notable after all.

"If the neutrino undergoes the subtle changes that we suspect, this would be the first strong evidence of quantum gravity," says Tom Stuttard.

The neutrino comes in three flavors

To understand which changes in neutrino properties the team is looking for, some background information is called for. While we refer to it as a particle, what we observe as a neutrino is really three particles produced together, known in quantum mechanics as superposition. The neutrino can have three fundamental configurations -- flavors as they are termed by the physicists -- which are electron, muon, and tau. Which of these configurations we observe changes as the neutrino travels, a truly strange phenomenon known as neutrino oscillations. This quantum behavior is maintained over thousands of kilometers or more, which is referred to as quantum coherence.




"In most experiments, the coherence is soon broken. But this is not believed to be caused by quantum gravity. It is just very difficult to create perfect conditions in a lab. You want perfect vacuum, but somehow a few molecules manage to sneak in etc. In contrast, neutrinos are special in that they are simply not affected by matter around them, so we know that if coherence is broken it will not be due to shortcomings in the human-made experimental setup," Tom Stuttard explains.

Many colleagues were sceptical

Asked whether the results of the study published in Nature Physics were as expected, the researcher replies:

"We find ourselves in a rare category of science projects, namely experiments for which no established theoretical framework exists. Thus, we just did not know what to expect. However, we knew that we could search for some of the general properties we might expect a quantum theory of gravity to have."

"Whilst we did have hopes of seeing changes related to quantum gravity, the fact that we didn't see them does not exclude at all that they are real. When an atmospheric neutrino is detected at the Antarctic facility, it will typically have travelled through the Earth. Meaning approximately 12,700 km -- a very short distance compared to neutrinos originating in the distant Universe. Apparently, a much longer distance is needed for quantum gravity to make an impact, if it exists," says Tom Stuttard, noting that the top goal of the study was to establish the methodology:

"For years, many physicists doubted whether experiments could ever hope to test quantum gravity. Our analysis shows that it is indeed possible, and with future measurements with astrophysical neutrinos, as well as more precise detectors being built in the coming decade, we hope to finally answer this fundamental question."
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New roadmap to prevent pandemics centers on protecting biodiversity | ScienceDaily
An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.


						
Pandemics begin when disease-harboring animals, such as bats, come in close proximity with people, livestock or other animals and pass on new pathogens. Viruses such as SARS-CoV-2, SARS-CoV-1, Nipah, Hendra and possibly Ebola have all fatally spilled over from bats to humans, sometimes through an intermediate host.

"The world is focused on how can we detect and then contain a novel pathogen once it is circulating in humans, rather than how can we prevent that pathogen from entering the human population in the first place," said Raina Plowright, professor in the Department of Public and Ecosystem Health at Cornell University, and first author of the paper, "Ecological Countermeasures to Prevent Pathogen Spillover and Subsequent Pandemics," published in Nature Communications.

The pandemic-prevention strategy is based on insights from a pair of 2022 papers that serve as a case study applicable to all animals that potentially carry zoonotic diseases. Those papers -- about how bats can spread fatal Hendra virus to horses and people -- explained that when bats lose their natural habitats and winter food sources, their large populations splinter and they migrate in small groups to agricultural and urban areas. They also become stressed, partly due to inadequate food sources, and they shed more virus in their urine. The virus falls to the ground where grazing horses become infected; horses in turn can then infect people. But when natural habitats can provide adequate food, especially in fallow winter months, the bats return to these habitats, aggregate in large numbers, and stop shedding virus.

The roadmap uses this and other case studies to explain the mechanisms linking environmental change and spillover of pathogens from animals to humans, and identifies ecological interventions to disrupt these links and policy frameworks to implement them.

Ecological interventions begin by protecting the places where animals eat. "We need to make sure there's always an abundant supply of food available at all times of year, especially when animals are in stressful life history stages like reproduction and migration," Plowright said.

Next, it's important to protect where animals may roost or aggregate, as tens of thousands of bats can roost in canopies and caves, so when these areas are disturbed, these populations can splinter, move and shed more virus. Also, cave dwelling bats may not have other caves to move to, in which case they stay put, become more stressed and likely shed more virus. Protecting lands that act as buffers between people and wildlife is also key.




"There are trillions of microbes in nature, but we rarely actually get sick, because there are many, many barriers between us and new pathogens," Plowright said.

Lastly, for communities who come in contact with animals, it's important to ensure people have the protection that they need to avoid pathogen exposure, Plowright said.

The study's authors emphasize the need for an international agency or panel that can assess and synthesize data on pandemic prevention, preparedness and response and collect metrics on intactness of landscapes, ecological integrity and biodiversity.

The paper was funded by the Cornell Center for Pandemic Prevention, Preparedness and Response, the National Science Foundation, the Defense Advanced Research Projects Agency, the National Institutes of Health, the Montpellier Advanced Knowledge Institute on Transitions and the National Environment Research Council.
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New maps help decision-makers factor albedo into tree-planting decisions | ScienceDaily
As efforts to restore tree cover accelerate to help avoid runaway climate change, a new study highlights how restoring tree cover can, in some locations, heat up the Earth rather than cool it by affecting how much sunlight the surface reflects (i.e. "the albedo").


						
This new study by researchers at Clark University in the United States alongside scientists from The Nature Conservancy (TNC) and ETH-Zurich, published today in the journal Nature Communications, provides a global analysis of where restoration of tree cover is most effective at cooling the global climate system, considering not just the cooling from carbon storage but also the warming from decreased albedo.

The researchers provide a tool practitioners and land managers can use to determine just how much of a problem albedo is for any reforestation or afforestation project on the globe. The authors use these new maps to show that previously published 'carbon-only' estimates of the global climate mitigation potential of restoring trees worldwide provided significant overestimation, being anywhere from 20 to 81% too high.

Because comprehensive maps of the consequences of albedo change were not previously available, these carbon-only estimates tend to identify too many options in landscapes -- particularly semi-arid settings and snowy, boreal regions -- where changes in albedo would significantly offset, or even negate, the carbon-removing benefits provided by these trees.

"The balance of carbon storage versus albedo change that comes from restoring tree cover varies from place to place, but until now we didn't have the tools to tell the good climate solutions from the bad," says lead author Natalia Hasler, a research scientist at the George Perkins Marsh Institute at Clark University in Worcester, Massachusetts. "Our study aims to change that, providing the maps needed to empower smarter decisions while also ensuring that limited finance is directed at those locations where restoring tree cover can make the most positive difference as a natural climate solution."

On the positive, the study also identifies locations within every biome on Earth where the climate mitigation benefits of tree-planting can be achieved. Better still, it also finds that most of the thousands of on-the-ground projects underway globally to restore tree cover are concentrated in these zones of greatest opportunity. Even in these locations, however, albedo changes are likely to offset the net climate benefit by at least 20 percent in around two-thirds of cases.

Elaborating further on the team's findings, senior co-author Susan Cook-Patton -- senior forest restoration scientist at TNC -- explained: "We've addressed a significant research gap and gained a much more complete picture of how restoring tree cover can impact our global climate -- both positively and also sometimes negatively. However, it's important to remember that there are many other sound reasons to restore tree cover, even in locations where the climate benefits aren't stellar: clean water, resilient food production, wildlife habitat, the list goes on... We're simply calling on governments and land managers to more carefully integrate albedo in their environmental decision-making and are open-sourcing this robust new set of tools to help them do so."
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Climate change will see Australia's soil emit CO2 and add to global warming | ScienceDaily
New Curtin University research has shown the warming climate will turn Australia's soil into a net emitter of carbon dioxide (CO2), unless action is taken.


						
Soil helps to keep the planet cool by absorbing carbon, however as the climate gets warmer its ability to retain carbon decreases -- and in some instances can start to release some carbon back into the air.

A global research team -- led by Professor Raphael Viscarra Rossel from Curtin's School of Molecular and Life Sciences -- predicted the changes in the amount of carbon in Australia's soil between now and the year 2100.

To do so, the team ran simulations using three different paths for society: an eco-focused 'sustainable' scenario, a 'middle-of-the-road' scenario and another which predicted a continued reliance on 'fossil-fuelled development'.

It found Australian soil will be a net emitter and could account for 8.3 per cent of Australia's total current emissions under the 'sustainable' scenario and more than 14 per cent by 2045 under the 'middle-of-the-road' and 'fossil-fuelled' scenarios.

By 2100, soil emissions under both scenarios are predicted to account for an even higher proportion of total emissions, but the predictions are more uncertain.

While some areas with arable farmland could continue to store carbon, the study found it would not be enough to offset the amounts of carbon lost from the soil in areas which are more sensitive to warmer weather, such as coastal regions and Australia's vast rangelands.




Australian soil holds an estimated 28 gigatons of carbon, 70 per cent of which is stored in these rangelands.

"Unless farming methods are further improved so farmland soils can continue to store carbon, any gains and benefit will likely decrease by 2045 and worsen in time, if the Earth continues to warm at its current rate," Professor Viscarra Rossel said.

"This means Australia's soil could release even more carbon into the air instead of storing it, which will in turn make climate change worse.

"If emissions continue at the current rate, the Earth's temperature is expected to reach 2 degrees above pre-industrial temperatures sometime this century, which is predicted to have dire consequences and

potentially catastrophic impacts for the planet."

Professor Viscarra Rossel said more sustainable pathways and improved management and conservation of soils were essential for Australia to meet its emissions reduction goals.

"Ensuring Australia's rangeland soils can maintain their carbon stocks is imperative: capturing and storing additional carbon will require interdisciplinary science, innovation, cultural awareness and effective policies" Professor Viscarra Rossel said.

"It will be challenging, given the rangelands' drier and more variable climate, its relatively sparse vegetation and other factors such as bushfires -- however, only a slight change over such large areas will make a positive difference.

"Innovative grazing management, cultural burning and regenerating biodiverse, endemic native plant communities, for example, could see rangelands soils absorb and store more water and carbon, reduce erosion and lead to more stable ecosystems -- and ultimately, fewer emissions."
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Two coral snakes recorded battling for prey in a scientific first | ScienceDaily
Two red-tailed coral snakes have been observed competing over a caecilian in the first documented wild case of kleptoparasitism within the family Elapidae.


						
Kleptoparasitism, or food theft, is a well-documented behaviour in many animal species but is seldom reported among snakes in natural habitats.

The observation, detailed in a recent study published in the open-access journal Herpetozoa by Henrik Bringsoe and Niels Poul Dreyer, showcases the two Micrurus mipartitus snakes engaging in a tug-of-war over the limbless amphibian.

Elapid snakes are venomous and among the deadliest serpents in the world. There are more than 400 species comprising a very diverse group of snakes such as mambas, cobras, kraits, taipans, tiger snakes, death adders, sea snakes and coral snakes.

The battle occurred in the dense rainforests of Valle del Cauca, western Colombia. Surprisingly, in the tussle, one snake also bit the body of the other. However, the researchers suggest this was likely accidental.

After 17 minutes of observation, the losing coral snake released its bite-hold on the caecilian. The winner then moved away from the losing snake which did not follow.

The study suggests that while such behaviours may be more common in captivity due to controlled environments, their occurrence in nature has been largely underreported, likely due to the elusive nature of these reptiles and the challenges of observing them in their natural habitats.

"Snakes in captivity do that often when only one prey is offered in a terrarium with two or more snakes. But it is rather surprising that it has not been observed more frequently in the wild," says lead author Henrik Bringsoe.

This case sheds light on the coral snake interactions with prey species. Caecilians, such as the one in this study, have shown remarkable adaptations such as toxin resistance and increased mucus production.
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Crackdown on illicit drugs detects rise in 'designer' drug substitutes | ScienceDaily
As authorities crack down on illicit drugs, University of South Australia experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.


						
In a new study as part of the Australian Criminal Intelligence Commission's National Wastewater Drug Monitoring Program, researchers identified 20 different novel psychoactive substances (NPS) in wastewater treatment plants across Australia (between Feb 22-23) with pentylone detected at every collection site. Other NPS, eutylone and phenibut were also commonly detected.

Pentylone, (street name 'bath salts'), is a highly potent and unpredictable synthetic cathinone, producing similar effects to stimulants such as methamphetamine or MDMA. This group of drugs produces stronger effects that wear off faster, leading to more frequent use.

Users of novel psychoactive substances are at risk due to limited information about the toxicity and unpredictable effects of these compounds.

In 2022 Australia had 1693 drug-induced deaths (64% males and 36% females).

UniSA researcher, Dr Emma Jaunay says any changes to drug levels in wastewater can provide an early warning for NPS circulating in the illicit drug market.

"Novel psychoactive substances are drugs that have been designed to mimic established illicit drugs, such as cannabis, cocaine, MDMA and LSD," Dr Jaunay says.




"These types of drugs are unregulated and untested, and by nature their chemical composition is constantly changing to stay ahead of the law. When they first appear, they're commonly called 'legal highs' because they are not yet classed as controlled or prohibited substances.

"In this study, we tested wastewater from across Australia to determine what type of NPS were being used across the year. Of the 59 different NPS we looked for, 20 were found in wastewater across the study - some occasionally, while others were at every site for multiple collections.

"The most common group of NPS detected were synthetic cathinones, also known as 'bath salts', which mimic the effect of stimulant drugs like MDMA.

"Specifically, we detected an increase of pentylone across Australia, with frequencies rising from 25% in April in 2022 to 100% across all states and territories by December that same year.

"Interestingly, we found pentylone displaced eutylone, which highlights the constantly evolving nature of NPS, and how quickly drug preferences change."

This study is unique in that the sample intentionally avoided special events and holiday periods to determine more typical trends across the year.

"Changes to drug levels present in wastewater can provide early signals about drug use and raise awareness of new drugs with harm potential," Dr Jaunay says.

"Routine monitoring provides valuable insights about illicit drugs and their 'legal' counterparts before overdoses and fatalities occur."
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Treatment for blindness-causing retinal detachment using viscous seaweed | ScienceDaily
It's taboo to consume seaweed soup before exams in Korea since it can lead to failing the exam. The belief is rooted in the idea that the slippery nature of seaweed may cause people to slip and falter during the test. The slick surface of seaweeds such as seaweed and kelp is attributed to alginate, a mucilaginous substance. Notably, an intriguing study exploring the use of alginate for the treatment of retinal detachment has been recently published.


						
A collaborative effort between Professor Hyung Joon Cha from the Department of Chemical Engineering and the School of Convergence Science and Technology and Dr. Geunho Choi from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH), and Professor Woo Jin Jeong, Professor Woo Chan Park, and Professor Seoung Hyun An from the Dong-A University Hospital's Department of Ophthalmology has resulted in the creation of an artificial vitreous body for treating retinal detachment. This solution is based on a natural carbohydrate derived from algae. The research findings were recently published in Biomaterials, an international journal of biomaterials published by Elsevier.

The vitreous body is a gel-like substance that occupies the space between the lens and retina, contributing to the eye's structural integrity. Retinal detachment occurs when the retina separates from the inner wall of the eye and moves into the vitreous cavity, leading to detachment and potentially resulting in blindness in severe cases. While a common approach involves removing the vitreous body and substituting it with medical intraocular fillers like expandable gas or silicone oil, these fillers have been associated with various side effects.

To address these concerns, the research team employed a modified form of alginate, a natural carbohydrate sourced from algae. Alginate, also known as alginic acid, is widely utilized in various industries, including food and medicine, for its ability to create viscous products. In this research, the team crafted a medical composite hydrogel based on alginate, offering a potential alternative for vitreous replacement.

The hydrogel, possessing high biocompatibility and optical properties akin to authentic vitreous body, enables patients to preserve their vision post-surgery. Its distinctive viscoelasticity effectively regulates fluid dynamics within the eye, contributing to retinal stabilization and the elimination of air bubbles.

To validate the hydrogel's stability and effectiveness, the team conducted experiments using animal models, specifically rabbit eyes, which closely resemble human eyes in structure, size, and physiological response. Implanting the hydrogel into rabbit eyes demonstrated its success in preventing the recurrence of retinal detachment, maintaining stability, and functioning well over an extended period without any adverse effects.

Professor Hyung Joon Cha of the POSTECH who led the study remarked, "There is a correlation between retinal detachment and severe myopia and the prevalence of retinal detachment is increasing, particularly in young people. The incidence of retinal detachment cases in Korea rose by 50% in 2022 compared to 2017." He expressed the team's commitment by saying, "Our team will enhance and progress the technology to make the hydrogel suitable for practical use in real-world eye care through ongoing research."

Professor Woo Jin Jeong from the Dong-A University Hospital stated, "The worldwide market for intraocular fillers is expanding at a rate of 3% per year." He added, "We anticipate that the hydrogel we've created will prove beneficial in upcoming vitreoretinal surgeries."

The research was sponsored by the Korea Medical Device Development Fund and the Mid-Career Research Program of the National Research Foundation of Korea.
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Research lights up process for turning CO2 into sustainable fuel | ScienceDaily

An international team of researchers from the University of Nottingham's School of Chemistry, University of Birmingham, University of Queensland and University of Ulm have designed a material, made up of copper anchored on nanocrystalline carbon nitride. The copper atoms are nested within the nanocrystalline structure, which allows electrons to move from carbon nitride to CO2, an essential step in the production of methanol from CO2 under the influence of solar irradiation. The research has been published in the Sustainable Energy & Fuels Journal of the Royal Society of Chemistry.

In photocatalysis, light is shone on a semiconductor material that excites electrons, enabling them to travel through the material to react with CO2 and water, leading to a variety of useful products, including methanol, which is a green fuel. Despite recent progress, this process suffers from a lack of efficiency and selectivity.

Carbon dioxide is the greatest contributor to global warming. Although, it is possible to convert CO2 to useful products, traditional thermal methods rely on hydrogen sourced from fossil fuels. It is important to develop alternative methods based on photo- and electrocatalysis, taking advantage of the sustainable solar energy and abundance of omnipresent water.

Dr Madasamy Thangamuthu, a research fellow in the School of Chemistry, University of Nottingham, who co-led the research team, said: "There is a large variety of different materials used in photocatalysis. It is important that the photocatalyst absorbs light and separates charge carriers with high efficiency. In our approach, we control the material at the nanoscale. We developed a new form of carbon nitride with crystalline nanoscale domains that allow efficient interaction with light as well as sufficient charge separation."

The researchers devised a process of heating carbon nitride to the required degree of crystallinity, maximising the functional properties of this material for photocatalysis. Using magnetron sputtering, they deposited atomic copper in a solventless process, allowing intimate contact between the semiconductor and metal atoms.

Tara LeMercier, a PhD student who carried out the experimental work at the University of Nottingham, School of Chemistry, said: "We measured the current generated by light and used it as a criterion to judge the quality of the catalyst. Even without copper, the new form of carbon nitride is 44 times more active than traditional carbon nitride. However, to our surprise, the addition of only 1 mg of copper per 1 g of carbon nitride quadrupled this efficiency. Most importantly the selectivity changed from methane, another greenhouse gas, to methanol, a valuable green fuel."

Professor Andrei Khlobystov, School of Chemistry, University of Nottingham, said: "Carbon dioxide valorisation holds the key for achieving the net-zero ambition of the UK. It is vitally important to ensure the sustainability of our catalyst materials for this important reaction. A big advantage of the new catalyst is that it consists of sustainable elements -- carbon, nitrogen and copper -- all highly abundant on our planet."




This invention represents a significant step towards a deep understanding of photocatalytic materials in CO2conversion. It opens a pathway for creating highly selective and tuneable catalysts where the desired product could be dialled up by controlling the catalyst at the nanoscale.

This work is funded by the EPSRC Programme Grant 'Metal atoms on surfaces and interfaces (MASI) for sustainable future' which is set to develop catalyst materials for the conversion of three key molecules -- carbon dioxide, hydrogen and ammonia -- crucially important for economy and environment. MASI catalysts are made in an atom-efficient way to ensure sustainable use of chemical elements without depleting supplies of rare elements and making most of the earth's abundant elements, such as carbon and base metals.

The University of Nottingham is dedicated to championing green and sustainable technologies. The Zero Carbon Cluster has been set in the East Midlands to accelerate the development and deployment of innovation in green industries and advanced manufacturing.
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Novel electrochemical sensor detects dangerous bacteria | ScienceDaily
Researchers at Goethe University Frankfurt and Kiel University have developed a novel sensor for the detection of bacteria. It is based on a chip with an innovative surface coating. This ensures that only very specific microorganisms adhere to the sensor -- such as certain pathogens. The larger the number of organisms, the stronger the electric signal generated by the chip. In this way, the sensor is able not only to detect dangerous bacteria with a high level of sensitivity but also to determine their concentration.


						
Each year, bacterial infections claim several million lives worldwide. That is why detecting harmful microorganisms is crucial -- not only in the diagnosis of diseases but also, for example, in food production. However, the methods available so far are often time-consuming, require expensive equipment or can only be used by specialists. Moreover, they are often unable to distinguish between active bacteria and their decay products.

By contrast, the newly developed method detects only intact bacteria. It makes use of the fact that microorganisms only ever attack certain body cells, which they recognize from the latter's specific sugar molecule structure. This matrix, known as the glycocalyx, differs depending on the type of cell. It serves, so to speak, as an identifier for the body cells. This means that to capture a specific bacterium, we need only to know the recognizable structure in the glycocalyx of its preferred host cell and then use this as "bait."

This is precisely what the researchers have done. "In our study, we wanted to detect a specific strain of the gut bacterium Escherichia coli -- or E. coli for short," explains Professor Andreas Terfort from the Institute of Inorganic and Analytical Chemistry at Goethe University Frankfurt. "We knew which cells the pathogen usually infects. We used this to coat our chip with an artificial glycocalyx that mimics the surface of these host cells. In this way, only bacteria from the targeted E. coli strain adhere to the sensor."

E. coli has many short arms, known as pili, which the bacterium uses to recognize its host's glycocalyx and cling onto it. "The bacteria use their pili to bind to the sensor in several places, which allows them to hang on particularly well," says Terfort. In addition, the chemical structure of the artificial glycocalyx is such that microbes without the right arms slide off it -- like an egg off a well-greased frying pan. This ensures that indeed only the pathogenic E. coli bacteria are retained.

But how were the scientists able to corroborate that bacteria really were attached to the artificial glycocalyx? "We bonded the sugar molecules to a conductive polymer," explains Sebastian Balser, a doctoral researcher under Professor Terfort and the first author of the paper. "By applying an electrical voltage via these 'wires', we are able to read how many bacteria had bonded to the sensor."

The study documents how effective this is: The researchers mixed pathogens from the targeted E. coli strain among harmless E. coli bacteria in various concentrations. "Our sensor was able to detect the harmful microorganisms even in very small quantities," explains Terfort. "What's more, the higher the concentration of the targeted bacteria, the stronger the emitted signals."

The paper is initial proof that the method works. In the next step, the involved working groups want to investigate whether it also stands the test in practice. Using it in regions where there are no hospitals with sophisticated lab diagnostics is conceivable, for example.
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Research identifies characteristics of cities that would support young people's mental health | ScienceDaily
As cities around the world continue to draw young people for work, education, and social opportunities, a new study identifies characteristics that would support young urban dwellers' mental health. The findings, based on survey responses from a global panel that included adolescents and young adults, provide a set of priorities that city planners can adopt to build urban environments that are safe, equitable, and inclusive.


						
To determine city characteristics that could bolster youth mental health, researchers administered an initial survey to a panel of more than 400, including young people and a multidisciplinary group of researchers, practitioners, and advocates. Through two subsequent surveys, participants prioritized six characteristics that would support young city dwellers' mental health: opportunities to build life skills; age-friendly environments that accept young people's feelings and values; free and safe public spaces where young people can connect; employment and job security; interventions that address the social determinants of health; and urban design with youth input and priorities in mind.

The paper was published online February 21 in Nature.

The study's lead author is Pamela Collins, MD, MPH, chair of the Johns Hopkins Bloomberg School of Public Health's Department of Mental Health. The study was conducted while Collins was on the faculty at the University of Washington. The paper was written by an international, interdisciplinary team, including citiesRISE, a global nonprofit that works to transform mental health policy and practice in cities, especially for young people.

Cities have long been a draw for young people. Research by UNICEF projects that cities will be home to 70 percent of the world's children by 2050. Although urban environments influence a broad range of health outcomes, both positive and negative, their impacts manifest unequally. Mental disorders are the leading causes of disability among 10- to 24-year-olds globally. Exposure to urban inequality, violence, lack of green space, and fear of displacement disproportionately affects marginalized groups, increasing risk for poor mental health among urban youth.

"Right now, we are living with the largest population of adolescents in the world's history, so this is an incredibly important group of people for global attention," says Collins. "Investing in young people is an investment in their present well-being and future potential, and it's an investment in the next generation -- the children they will bear."

Data collection for the study began in April 2020 at the start of the COVID-19 pandemic. To capture its possible impacts, researchers added an open-ended survey question asking panelists how the pandemic influenced their perceptions of youth mental health in cities. The panelists reported that the pandemic either shed new light on the inequality and uneven distribution of resources experienced by marginalized communities in urban areas, or confirmed their preconceptions of how social vulnerability exacerbates health outcomes.




For their study, the researchers recruited a panel of more than 400 individuals from 53 countries, including 327 young people ages 14 to 25, from a cross-section of fields, including education, advocacy, adolescent health, mental health and substance use, urban planning and development, data and technology, housing, and criminal justice. The researchers administered three sequential surveys to panelists beginning in April 2020 that asked panelists to identify elements of urban life that would support mental health for young people.

The top 37 characteristics were then grouped into six domains: intrapersonal, interpersonal, community, organizational, policy, and environment. Within these domains, panelists ranked characteristics based on immediacy of impact on youth mental health, ability to help youth thrive, and ease or feasibility of implementation.

Taken together, the characteristics identified in the study provide a comprehensive set of priorities that policymakers and urban planners can use as a guide to improve young city dwellers' mental health. Among them: Youth-focused mental health and educational services could support young people's emotional development and self-efficacy. Investment in spaces that facilitate social connection may help alleviate young people's experiences of isolation and support their need for healthy, trusting relationships. Creating employment opportunities and job security could undo the economic losses that young people and their families experienced during the pandemic and help cities retain residents after a COVID-era exodus from urban centers.

The findings suggest that creating a mental health-friendly city for young people requires investments across multiple interconnected sectors like transportation, housing, employment, health, and urban planning, with a central focus on social and economic equity. They also require urban planning policy approaches that commit to systemic and sustained collaboration, without magnifying existing privileges through initiatives like gentrification and developing green spaces at the expense of marginalized communities in need of affordable housing.

The authors say this framework underscores that responses by cities should include young people in the planning and design of interventions that directly impact their mental health and well-being.
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GPT-4 for identifying cell types in single cells matches and sometimes outperforms expert methods | ScienceDaily
GPT-4 can accurately interpret types of cells important for the analysis of single-cell RNA sequencing -- a sequencing process fundamental to interpreting cell types -- with high consistency to that of time-consuming manual annotation by human experts of gene information, according to a study at Columbia University Mailman School of Public Health. The findings are published in the journal Nature Methods.


						
GPT-4 is a large language model designed for speech understanding and generation. Upon assessment across numerous tissue and cell types, GPT-4 has demonstrated the ability to produce cell type annotations that closely align with manual annotations of human experts and surpass existing automatic algorithms. This feature has the potential to significantly lessen the amount of effort and expertise needed for annotating cell types, a process that can take months. Moreover, the researchers have developed GPTCelltype, an R software package, to facilitate the automated annotation of cell types using GPT-4.

"The process of annotating cell types for single cells is often time-consuming, requiring human experts to compare genes across cell clusters," said Wenpin Hou, PhD, assistant professor of Biostatistics at Columbia Mailman School. "Although automated cell type annotation methods have been developed, manual methods to interpret scientific data remain widely used, and such a process can take weeks to months. We hypothesized that GPT-4 can accurately annotate cell types, transitioning the process from manual to a semi- or even fully automated procedure and be cost-efficient and seamless."

The researchers assessed GPT-4's performance across ten datasets covering five species, hundreds of tissue and cell types, and including both normal and cancer samples. GPT-4 was queried using GPTCelltype, the software tool developed by the researchers. For competing purposes, they also evaluated other GPT versions and manual methods as a reference tool.

As a first step, the researchers first explored the various factors that may affect the annotation accuracy of GPT-4. They found that GPT-4 performs best when using the top 10 different genes and exhibits similar accuracy across various prompt strategies, including a basic prompt strategy, a chain-of-thought-inspired prompt strategy that includes reasoning steps, and a repeated prompt strategy. GPT-4 matched manual analyses in over 75 percent of cell types in most studies and tissues demonstrating its competency in generating expert-comparable cell type annotations. In addition, the low agreement between GPT-4 and manual annotations in some cell types does not necessarily imply that GPT-4's annotation is incorrect. In an example of stromal or connective tissue cells, GPT-4 provides more accurate cell type annotations. GPT-4 was also notably faster.

Hou and her colleague also assessed GPT-4's robustness in complex real data scenarios and found that GPT-4 can distinguish between pure and mixed cell types with 93 percent accuracy, and differentiated between known and unknown cell types with 99 percent accuracy. They also evaluated the performance of reproducing GPT-4's methods using prior simulation studies. GPT-4 generated identical notations for the same marker genes in 85 percent of cases. "All of these results demonstrate GPT-4's robustness in various scenarios," observed Hou.

While GPT-4 surpasses existing methods, there are limitations to consider, according to Hou, including the challenges for verifying GPT-4's quality and reliability because it discloses little about its training proceedings.

"Since our study focuses on the standard version of GPT-4, fine-tuning GPT-4 could further improve cell type annotation performance," said Hou.

Zhicheng Ji of Duke University School of Medicine is a co-author.

The study was supported by the National Institutes of Health, grant U54AG075936 and R35GM150887.
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Seeing the forest for the trees: Species diversity is directly correlated with productivity in eastern U.S. forests | ScienceDaily
When scientists and policymakers make tough calls on which areas to prioritize for conservation, biodiversity is often their top consideration. Environments with more diversity support a greater number of species and provide more ecosystem services, making them the obvious choice.


						
There's just one problem. There are several ways to measure diversity, and each reveals a slightly different, and sometimes conflicting, view of how life interacts in a forest or other ecosystem.

In a new study published in the Proceedings of the National Academy of Sciences, researchers analyzed 20-years' worth of data, which shows that the simplest measure of diversity -- namely, adding up all the species for a given area -- is the best way to measure the productivity of a forest.

"There aren't many studies that look at the differences between measurements of diversity," said lead author Yunpeng Liu, a postdoctoral associate at the Florida Museum of Natural History. Those that have, Liu said, typically used data from small, geographically isolated forest plots.

Liu specializes in forest productivity, and when he learned the U.S. Forest Service maintains decades' worth of tree data, he knew exactly what he wanted to do with it.

Liu and his colleagues compared how three measures of biodiversity are related to productivity, or the amount of growth, in forests across the eastern United States. They did so by analyzing nearly two million tree measurements from 23,145 forest plots. Data were collected between 2000 and 2020 from non-plantation forests, meaning the trees grew there naturally.

The team found that a greater number of tree species, called species richness, consistently resulted in a more productive forest. This isn't all that suprising, given that the interaction between multiple species creates robust ecosystem services, such as carbon storage, wildlife habitat and resources like wood that can be harvested and regrown.




The researchers assumed that other measures of diversity would also show a strong, positive relationship with productivity. Instead, they found that the measure of relatedness (phylogenetic diversity) and of various structural and chemical differences (functional diversity) were both negatively correlated with productivity.

Phylogenetic diversity shows how closely related the species in a given environment are to each other. Healthy environments typically contain multiple species that have only a distant relationship with each other, which allows them to collectively withstand change. If a virus or fungus were to sweep through and wipe out birch trees, the overall health of the forest would benefit from having various oaks, ashes, pines, walnuts and sycamores that remained unaffected.

Similarly, functional diversity is a measure of how much variety exists in the sizes, shapes and biological processes of organisms. The more differences there are in features such as tree size, wood density and rooting depth indicates how well a forest creates and makes use of all possible resources.

"These aren't mutually exclusive measurements," said co-author Douglas Soltis, a distinguished professor with the Florida Museum of Natural History. "They're all ways that we might be able to make better conservation decisions."

Forests with higher phylogenetic and functional diversity are more resilient, but whether they're more productive is unclear.

"We aren't yet sure," said co-author Robert Guralnick, curator of biodiversity informatics at the Florida Museum of Natural History.




It's possible there isn't enough information about traits to make an accurate assessment. This is particularly true of the shape and depth of roots, which are difficult to measure.

"It may also be that there are aspects of how trees of the same or different species structure their interactions with each other, especially as tree communities become more diverse, that we don't yet understand," Guralnick said.

A better understanding of diversity is indispensable for the proper management of forests and has far-reaching implications. It's estimated that plant productivity has balanced out up to 30% of carbon emissions caused by human activity over the last several decades. Forests play a significant role in this process but are also among the most threatened ecosystems on Earth.

For now, the number of species in a forest is the best proxy for its health and productivity. It also provides an easy guide for people working to restore degraded ecosystems, allowing them to focus their efforts on planting more species.

"It's reassuring for other investigators and policymakers to know that species richness is reliable," Soltis said, emphasizing the comparative speed and ease with which researchers can collect and analyze this type of data compared to other measures of diversity. "This is especially important when making conservation decisions with short notice and limited data."

J. Aaron Hogan and Jeremy Lichstein of the University of Florida, Pamela Soltis of the Florida Museum of Natural History and Samual Scheiner of the National Science Foundation are also authors on the study.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240325172416.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Pairing crypto mining with green hydrogen offers clean energy boost | ScienceDaily
Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new Cornell University study.


						
"Since current cryptocurrency operations now contribute heavily to worldwide carbon emissions, it becomes vital to explore opportunities for harnessing the widespread enthusiasm for cryptocurrency as we move toward a sustainable and a climate-friendly future," said Fengqi You, professor of energy systems engineering at Cornell.

You and doctoral student Apoorv Lal are authors of "Climate Sustainability Through a Dynamic Duo: Green Hydrogen and Crypto Driving Energy Transition and Decarbonization," which published March 25 in the Proceedings of the National Academy of Sciences.

Their research shows how linking the use of energy-intensive cryptocurrency mining with green hydrogen technology -- the "dynamic duo," they call it -- can boost renewable energy sectors.

"Building a green hydrogen infrastructure to help produce cryptocurrency can accelerate renewable energy and create a more sustainable energy landscape," Lal said.

Using clean energy sources to power blockchain mining operations and fuel the production of green hydrogen can lead to growing wind and solar capacity -- and expand sustainable energy production across the country, the researchers said.

In its current structure, mining blockchain-based cryptocurrency in the U.S. can use as much carbon-based energy as the entire country of Argentina, according to a 2022 White House Office of Science and Technology report. Nearly all domestic crypto-mining electricity is driven by computer power-hungry consensus mechanisms, known as "proof of work," which is used to verify crypto-assets.




Preliminary estimates by the U.S. Energy Information Administration suggest that 2023 annual electricity consumption for cryptocurrency mining likely represents from 0.6% to 2.3% of all U.S. electricity consumption.

"Acknowledging the substantial energy demands of cryptocurrency mining, our research proposes an innovative technology solution," You said. "By leveraging cryptocurrencies as virtual energy carriers in tandem with using green hydrogen, we can transform what was once an environmental challenge into a dynamic force for climate mitigation and sustainability."

In their research, You and Lal examined individual U.S. states to assess potential energy strengths in each region.

Supporting cryptocurrency can hasten the building of extra energy infrastructure and potentially create 78.4 megawatt hours of solar power for each Bitcoin mined in New Mexico, for example, and potentially 265.8 megawatt hours of wind power for each Bitcoin mined in Wyoming, according to the paper.

"While cryptocurrency currently has a high dollar value (Bitcoin traded for more than $73,000 on March 13,) you cannot hold it in your hand," You said. "It's virtual. Think of cryptocurrency and energy in the same way -- much like a gift-card concept. Cryptocurrency also can hold an energy value and that becomes an additional function."

To advance a sustainable future for blockchain-based cryptocurrency, the researchers said, stronger federal policies for climate goals and renewable energy need to advance.

"Coupled with green hydrogen, this approach to cryptocurrency not only mitigates its own environmental impact, but pioneers a sustainable path for renewable energy transition," You said. "It's a novel strategy."

You is a senior faculty fellow at the Cornell Atkinson Center for Sustainability. Funding for this work was provided by the National Science Foundation.
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With a new experimental technique, engineers probe the mechanisms of landslides and earthquakes | ScienceDaily
Granular materials, those made up of individual pieces, whether grains of sand or coffee beans or pebbles, are the most abundant form of solid matter on Earth. The way these materials move and react to external forces can determine when landslides or earthquakes happen, as well as more mundane events such as how cereal gets clogged coming out of the box. Yet, analyzing the way these flow events take place and what determines their outcomes has been a real challenge, and most research has been confined to two-dimensional experiments that don't reveal the full picture of how these materials behave.


						
Now, researchers at MIT have developed a method that allows for detailed 3D experiments that can reveal exactly how forces are transmitted through granular materials, and how the shapes of the grains can dramatically change the outcomes. The new work may lead to better ways of understanding how landslides are triggered, as well as how to control the flow of granular materials in industrial processes. The findings are described in the journal PNAS in a paper by MIT professor of civil and environmental engineering Ruben Juanes and Wei Li SM '14, PhD '19, who is now on the faculty at Stony Brook University.

From soil and sand to flour and sugar, granular materials are ubiquitous. "It's an everyday item, it's part of our infrastructure," says Li. "When we do space exploration, our space vehicles land on granular material. And the failure of granular media can be catastrophic, such as landslides."

"One major finding of this study is that we provide a microscopic explanation of why a pack of angular particles is stronger than a pack of spheres," Li says.

Juanes adds, "It is always important, at a fundamental level to understand the overall response of the material. And I can see that moving forward, this can provide a new way to make predictions of when a material will fail."

Scientific understanding of these materials really began a few decades ago, Juanes explains, with the invention of a way to model their behavior using two-dimensional discs representing how forces are transmitted through a collection of particles. While this provided important new insights, it also faced severe limitations.

In previous work, Li developed a way of making three-dimensional particles through a squeeze-molding technique that produces plastic particles that are free of residual stresses and can be made in virtually any irregular shape. Now, in this latest research, he and Juanes have applied this method to reveal the internal stresses in a granular material as loads are applied, in a fully three-dimensional system that much more accurately represents real-world granular materials.




These particles are photoelastic, Juanes explains, which means that when under stress, they modify any light passing through them according to the amount of stress. "So, if you shine polarized light through it and you stress the material, you can see where that stress change is taking place visually, in the form of a different color and different brightness in the material."

Such materials have been used for a long time, Juanes says, but "one of the key things that had never been accomplished was the ability to image the stresses of these materials when they are immersed in a fluid, where the fluid can flow through the material itself."

Being able to do so is important, he stresses, because "porous media of interest -- biological porous media, industrial porous media, and geological porous media -- they often contain fluid in their pore spaces, and that fluid will be hydraulically transported through those pore openings. And the two phenomena are coupled: how the stress is transmitted and what the pore fluid pressure is."

The problem was, when using a collection of two-dimensional discs for an experiment, the discs would pack in such a way as to block the fluid completely. Only with a three-dimensional mass of grains would there always be pathways for the fluid to flow through, so that the stresses could be monitored while fluid was moving.

Using this method, they were able to show that "when you compress a granular material, that force is transmitted in the form of what we would call chains, or filaments, that this new technique is able to visualize and depict in three dimensions," Juanes says.

To get that 3D view, they use a combination of the photoelasticity to illuminate the force chains, along with a method called computed tomography, similar to that used in medical CT scans, to reconstruct a full 3D image from a series of 2,400 flat images taken as the object rotates through 360 degrees.




Because the grains are immersed in a fluid that has exactly the same refractive index as the polyurethane grains themselves, the beads are invisible when light shines through their container if they are not under stress. Then, stress is applied, and when polarized light is shone through, that reveals the stresses as light and color, Juanes says. "What's really remarkable and exciting is that we're not imaging the porous medium. We're imaging the forces that are transmitted through the porous medium. This opens up, I think, a new way to interrogate stress changes in granular materials." He adds that "this has really been a dream of mine for many years," and he says it was realized thanks to Li's work on the project.

Using the method, they were able to demonstrate exactly how it is that irregular, angular grains produce a stronger, more stable material than spherical ones. While this was known empirically, the new technique makes it possible to demonstrate exactly why that is, based on the way the forces are distributed, and will make it possible in future work to study a wide variety of grain types to determine exactly what characteristics are most important in producing stable structures, such as the ballast of railroad beds or the riprap on breakwaters.

Because there has been no way to observe the 3D force chains in such materials, Juanes says, "right now it is very difficult to make predictions as to when a landslide will occur precisely, because we don't know about the architecture of the force chains for different materials."

It will take time to develop the method to be able to make such predictions, Li says, but that ultimately could be a significant contribution of this new technique. And many other applications of the method are also possible, even in areas as seemingly unrelated as how fish eggs respond as the fish carrying them moves through the water, or in helping to design new kinds of robotic grippers that can easily adapt to picking up objects of any shape.

The work was supported by the U.S. National Science Foundation.
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Uncovering the mystery of Dorset's Cerne Giant | ScienceDaily
For centuries, the Cerne Giant, a figure carved into a hillside in Dorset depicting a nude man carrying a club and stretching some 180 feet high, has fascinated locals and visitors to the area. The history of the giant, however, and in particular, its age, has long been a mystery. A new paper in Speculum: A Journal of Medieval Studies proposes that the Cerne Giant can in fact be dated to the early Middle Ages, and, as a result, its cultural context and significance more clearly understood.


						
"The Cerne Giant in its Early Medieval Context," by authors Thomas Morcom and Helen Gittos, acknowledges that previous attempts to date the giant placed its creation either sometime in prehistory or in the early modern period. Using a technique called optically stimulated luminescence, researchers for the National Trust theorize that the hillside monument was actually constructed in the period between 700 and 1100 A.D, and potentially used as a mustering site for West Saxon armies.

This dating breakthrough also sheds new light on various historical interpretations of the Cerne Giant's identity. Many scholars had posited that the giant was modeled on the myth of Hercules, and although, as the authors write, "[a]t first glance, an early medieval date seems odd for a figure which looks like the classical god Hercules," there was in fact a swell of interest in the Greek hero during the ninth century, lending credence to this hypothesis.

Another popular theory regarding the inspiration for the giant was its basis on a Saint Eadwold. The authors propose that the residents of a Benedictine monastery, built in Cerne in the late tenth century, actively propagated this idea, redirecting interest in the giant away from Greek affiliations and towards Christian ones.

One final persona bestowed upon the giant was that of a pagan god called Helith. The authors of the Speculum paper write that this identification was a mistaken one, the result of a misreading, in the thirteenth century, of an account of the giant written in Latin.

The new findings concerning the Cerne Giant's age and history make greater sense of this string of theories regarding its identity. Ultimately, as the authors write, this complicated biography is all "part of the history of the giant and what continues to attract so many people to him."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240325135719.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Confusing assistance requirements contribute to food insecurity among college students | ScienceDaily
Food insecurity among college students is associated with negative physical and mental health and lower academic performance and graduation rates. A recent research study in the Journal of Nutrition Education and Behavior, published by Elsevier, investigates why over half of college students eligible for the Supplemental Nutrition Assistance Program (SNAP) -- the nation's largest food assistance program -- do not apply.


						
Lead study author Suzanna M. Martinez, PhD, MS, Department of Epidemiology and Biostatistics, University of California San Francisco, explained, "In California, SNAP is known as CalFresh and despite policies and communication to improve college students' access to CalFresh, participation remains low, with approximately 78% of those eligible not receiving benefits."

While CalFresh benefits are paid by the federal government, county agencies are responsible for implementing policies, determining eligibility, processing applications, and distributing funds. This study conducted focus groups and interviews with county staff to determine how agency workers interpret the complex criteria for students to meet SNAP eligibility. Questions focused on how students' applications differed from community applicants, steps taken when processing student applications, student-specific training, and suggested improvements to the process.

Five central themes were identified in interviews: (1) a need for more consistency in policy dissemination and program administration, (2) student exemptions and the application process are perceived as challenges for students, (3) facilitators of successfully processing student SNAP applications, (4) tracking policy changes is burdensome, and (5) eliminate the student rules.

Study findings illustrate that SNAP rules are challenging for students as well as those involved in the implementation of the rules. Also, eligibility requirements written over 50 years ago, based on the assumption that college students are primarily from middle-class families, are outdated. The research supports simplifying the student SNAP process to increase participation for eligible students, especially for historically minoritized racial and ethnic groups and low-income students for whom equitable access to SNAP benefits is critical.

Dr. Martinez added, "The timing of this study resulted in a natural experiment since COVID-19-related SNAP modifications streamlined the student application process and reduced administrative burden. These modifications alleviated some challenges discussed by county workers, confirming existing opinions to eliminate the student rules."
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Common household chemicals pose new threat to brain health, study finds | ScienceDaily
A team of researchers from the Case Western Reserve University School of Medicine has provided fresh insight into the dangers some common household chemicals pose to brain health. They suggest that chemicals found in a wide range of items, from furniture to hair products, may be linked to neurological conditions like multiple sclerosis and autism spectrum disorders.


						
Neurological problems impact millions of people, but only a fraction of cases can be attributed to genetics alone, indicating that unknown environmental factors are important contributors.

The new study published today in the journal Nature Neuroscience, discovered that some common home chemicals specifically affect the brain's oligodendrocytes, a specialized cell type that generates the protective insulation around nerve cells.

"Loss of oligodendrocytes underlies multiple sclerosis and other neurological diseases," said the study's principal investigator, Paul Tesar, the Dr. Donald and Ruth Weber Goodman Professor of Innovative Therapeutics and director of the Institute for Glial Sciences at the School of Medicine. "We now show that specific chemicals in consumer products can directly harm oligodendrocytes, representing a previously unrecognized risk factor for neurological disease."

On the premise that not enough thorough research has been done on the impact of chemicals on brain health, the researchers analyzed over 1,800 chemicals that may be exposed to humans. They identified chemicals that selectively damaged oligodendrocytes belong to two classes: organophosphate flame retardants and quaternary ammonium compounds. Since quaternary ammonium compounds are present in many personal-care products and disinfectants, which are being used more frequently since the COVID-19 pandemic began, humans are regularly exposed to these chemicals. And many electronics and furniture include organophosphate flame retardants.

The researchers used cellular and organoid systems in the laboratory to show that quaternary ammonium compounds cause oligodendrocytes to die, while organophosphate flame retardants prevented the maturation of oligodendrocytes.

They demonstrated how the same chemicals damage oligodendrocytes in the developing brains of mice. The researchers also linked exposure to one of the chemicals to poor neurological outcomes in children nationally.




"We found that oligodendrocytes -- but not other brain cells -- are surprisingly vulnerable to quaternary ammonium compounds and organophosphate flame retardants," said Erin Cohn, lead author and graduate student in the School of Medicine's Medical Scientist Training Program. "Understanding human exposure to these chemicals may help explain a missing link in how some neurological diseases arise."

The association between human exposure to these chemicals and effects on brain health requires further investigation, the experts warned. Future research must track the chemical levels in the brains of adults and children to determine the amount and length of exposure needed to cause or worsen disease.

"Our findings suggest that more comprehensive scrutiny of the impacts of these common household chemicals on brain health is necessary," Tesar said. "We hope our work will contribute to informed decisions regarding regulatory measures or behavioral interventions to minimize chemical exposure and protect human health."

Additional contributing researchers from Case Western Reserve School of Medicine and from the U.S. Environmental Protection Agency included Benjamin Clayton, Mayur Madhavan, Kristin Lee, Sara Yacoub, Yuriy Fedorov, Marissa Scavuzzo, Katie Paul Friedman and Timothy Shafer.

The research was supported by grants from the National Institutes of Health, National Multiple Sclerosis Society, Howard Hughes Medical Institute and New York Stem Cell Foundation, and philanthropic support by sTF5 Care and the Long, Walter, Peterson, Goodman and Geller families.
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Bees use antennae to decode hive mates' dances in the dark | ScienceDaily
Scientists have discovered how honeybees can decipher dances by their hive mates that relay directions to food.


						
The findings reveal how, in the complete darkness of the hive, each bee uses its antennae to help interpret the information communicated through the dances.

It has been known for decades that honeybees do so-called waggle dances, in which their movements and orientation on the honeycomb signal the direction and distance to food outside the hive. However, until now, it was unclear how the bees gathered around a waggle dancer make sense of the information.

Gaining greater insights into how bees communicate could help scientists to better understand the effects of issues such as habitat loss and pesticide use on the insects' ability to find food, researchers say.

A team from the University of Edinburgh made the discovery by studying a colony of honeybees at an apiary at the University and using computational models to mimic their brain processes.

Researchers from the University's School of Informatics filmed the insects in slow motion and high resolution under infrared light. This enabled them to track the position of the antennae of the surrounding bees in fine detail during each waggle dance -- which are otherwise a blur to the naked human eye.

The researchers observed that bees alter the position of their antennae, which are touched repeatedly by the dancer as it waggles by, based on the angle of their body relative to the dancer.




The team realised that the bees could decode dances from any angle, or even from constantly changing positions, by combining signals picked up by their antennae with their own sense of gravity. However, this requires the bee to accurately add together the two angles detected from its two sensory systems.

Using a computer model that replicates known brain circuits in the bee, the researchers showed that fewer than one hundred neurons are needed to integrate this information and recover the angle and the distance to the food being signalled in a waggle dance.

The findings are published in the journal Current Biology. The study was supported by the European Research Council, the Janet Foreman Fund and the Eva Crane Trust.

PhD student Anna Hadjitofi, of the University of Edinburgh's School of Informatics, said: "This is particularly exciting because it unveils a remarkably elegant neural mechanism employed by bees to decipher complex information with minimal resources."

Professor Barbara Webb, also of the University's School of Informatics, added: "Understanding how the small brains of insects carry out such sophisticated calculations can help us design more compact and energy efficient computers."
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        Scientists warn: The grey seal hunt is too large
        Researchers warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.

      

      
        Heat, cold extremes hold untapped potential for solar and wind energy
        Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy. A study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, al...

      

      
        What if the heavy rain would have fallen 50 kilometers away?
        Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience.

      

      
        Curbside collection improves organic waste composting, reduces methane emissions
        Most organic household waste ends up in landfills where it generates methane, a powerful greenhouse gas. Composting food and garden waste instead of sending it to landfills can significantly reduce methane emissions and help mitigate global warming. A new study explores the effects of curbside compost collection programs.

      

      
        Optimizing electronic health records: Study reveals improvements in departmental productivity
        Researchers identify transformative effects of electronic health record (EHR) optimization on departmental productivity.

      

      
        Using 'time travel' to think about technology from the perspective of future generations
        Researchers have conducted a series of participatory deliberation workshops in which the participants were asked to consider issues of future society and manufacturing, in general, and as they relate to hydrothermally produced porous glass. In workshops where the perspective of 'imaginary future generations' was adopted, participants' perceptions of the technology's feasibility and future potentiality changed significantly.

      

      
        New roadmap to prevent pandemics centers on protecting biodiversity
        An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.

      

      
        Crackdown on illicit drugs detects rise in 'designer' drug substitutes
        As authorities crack down on illicit drugs, experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.

      

      
        Research identifies characteristics of cities that would support young people's mental health
        As cities around the world continue to draw young people for work, education, and social opportunities, a new study identifies characteristics that would support young urban dwellers' mental health. The findings, based on survey responses from a global panel that included adolescents and young adults, provide a set of priorities that city planners can adopt to build urban environments that are safe, equitable, and inclusive.

      

      
        Pairing crypto mining with green hydrogen offers clean energy boost
        Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new study.

      

      
        2 in 3 parents say their adolescent or teen worries about how sick days may impact grades
        Many parents recognize increasing mental health concerns among children, reflected by the 1 in 5 who say they're open to allowing a child to take a mental health day.

      

      
        Confusing assistance requirements contribute to food insecurity among college students
        Food insecurity among college students is associated with negative physical and mental health and lower academic performance and graduation rates. A recent research study investigates why over half of college students eligible for the Supplemental Nutrition Assistance Program (SNAP) -- the largest food assistance program in the US -- do not apply.

      

      
        Teacher effectiveness for students with and without disabilities
        Research has often focused on how teachers and educators can best instruct and accommodate students with disabilities. However, are the methods used to teach students with disabilities effective and inclusive for all students?

      

      
        Less obesity in 3- and 4-year-olds after the pandemic, Swedish study finds
        The prevalence of overweight and obesity in the group of 3- and 4-year-olds in Sweden has decreased after the pandemic. The increase during the pandemic thus appears to have been temporary, according to a new study.

      

      
        Small changes can yield big savings in agricultural water use
        While Hollywood and Silicon Valley love the limelight, California is an agricultural powerhouse, too. Agricultural products sold in the Golden State totaled $59 billion in 2022. But rising temperatures, declining precipitation and decades of over pumping may require drastic changes to farming. Legislation to address the problem could even see fields taken out of cultivation.

      

      
        Droughts in Europe could be avoided with faster emissions cuts
        Models suggest summer rainfall in southern Europe could decline by up to 48% by the year 2100 if emissions of greenhouse gases continue to rise rapidly.

      

      
        All countries' agri-environmental policies at a glance
        There can be no analysis without data. In this spirit, researchers have published a database containing over 6,000 agri-environmental policies, thus enabling their peers as well as policymakers and businesses to seek answers to all manner of different questions. The researchers have used two examples to demonstrate how this can be done: how a country's economic development is linked to its adoption of agri-environmental policies and how such policies impact soil erosion.

      

      
        Most new doctors face some form of sexual harassment, even after #MeToo
        More than half of all new doctors face some form of sexual harassment in their first year on the job, including nearly three-quarters of all new female doctors and a third of males, a new study finds. That's actually down somewhat from the percentage of new doctors who experienced the same five or six years before.

      

      
        Alaska Native tribes take lead on shellfish toxin testing where state falls short
        A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.

      

      
        A new way to quantify climate change impacts: 'Outdoor days'
        'Outdoor days,' a new measure, describes climate change impacts by noting the number of days per year that outdoor temperatures are comfortable enough for normal outdoor activities.
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Scientists warn: The grey seal hunt is too large | ScienceDaily
Researchers at the University of Gothenburg warn that today's hunting quotas of about 3,000 animals pose a risk to the long-term survival of the grey seal in the Baltic Sea. The conclusions of this new study are based on statistics from 20th century seal hunting and predictions of future climate change.


						
After decades of hard hunting and environmental contamination by toxins such as PCBs, there were only 5,000 grey seals left in the entire Baltic Sea by the 1970s, falling from an initial size of more than 90,000 at the beginning of the century. Since then, the population has partially recovered, and today stands at around 55,000 animals for all countries combined.

Baltic grey seals are genetically isolated from the closest grey seal populations in the Atlantic. They are generally slightly smaller and, unlike solely land breeding seals found in the British Isles, can give birth to young on both drift ice and on land. The population is now facing new challenges in a world with a warming climate and a shortage of appropriately sized prey fish. Using a mathematical model, the researchers showed that increased seal hunting could cause the population to decline once more.

"It has taken three generations for the grey seal to recover. The seal population is now growing, but our research shows that, if the current hunting quota of 3,000 animals per year is met, the survival of the grey seal in the Baltic Sea will once again be threatened," says Daire Carroll, Associate researcher at the University of Gothenburg and lead author of the study published in the Journal of Animal Ecology.

At present, about 1,500 seals are killed each year in the Baltic Sea.

The hunting quota must be reduced

The researchers created a mathematical model for grey seal population growth and examined several different scenarios for the future. They tested the effect of different hunting pressures, different levels of food availability, and the consequences of less sea ice.




"We saw that killing 3,000 seals each year always led to a decrease in seal population size, even in the most optimistic scenarios for the climate and marine environment. Our conclusion is that the current hunting quota in the Baltic Sea is unsustainable. If the seal population is to continue to recover, the maximum number that can be hunted is 1,900 animals. But if there are other environmental changes that have a negative impact on population, that figure should also be reduced," says Daire Carroll.

The countries around the Baltic Sea have agreed that the grey seal population should be allowed to recover after coming close to extinction in the 20th century due to hunting and environmental contamination. Conflict with fisheries during this period led to a bounty on seals. A biproduct of this is that there are detailed statistics on how many seals were killed each year. Researchers at the University of Gothenburg were helped by their colleagues at the Swedish Museum of Natural History in Stockholm to produce data on the development of the grey seal in modern times. Thanks to the fact that seals are now used as an environmental indicator for the Baltic Sea, there is good data on the seals' numbers, fertility, and health.

Advantage of breeding on ice

"We created a model of how the seal population would have grown over the last 20 years if there had been no hunting. In this way, we can estimate the long-term effect of today's hunting quotas on the seal population. We have also simulated what a warmer climate would mean for the grey seal," says Daire Carroll.

Baltic grey seal pups have a greater chance of survival if they are born on sea ice instead of on land. On ice floes, mothers and pups can spread out over a larger area and the pups face fewer threats from other predators, humans, or infections that are easily spread in dense seal colonies on land.

As the seal population has grown, so has the conflict with the fishing industry, and in 2020, the protective hunt was supplemented with a licensed hunt in Finland and Sweden. In total, more than 3,000 animals could potentially be killed.

"The culling of individual seals that visit or destroy fishing gear has always been allowed and is not problematic for the survival of the population. It was a few hundred individuals per year and did not affect entire groups of seals. But the new licensed hunting, it is different, it risks hitting the survival of the grey seal hard," says Karin Harding, Professor of Ecology at the University of Gothenburg and co-author of the study, who has been researching seals since the late 1980s.
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Heat, cold extremes hold untapped potential for solar and wind energy | ScienceDaily
Conditions that usually accompany the kind of intense hot and cold weather that strains power grids may also provide greater opportunities to capture solar and wind energy.


						
A Washington State University-led study found that widespread, extreme temperature events are often accompanied by greater solar radiation and higher wind speeds that could be captured by solar panels and wind turbines. The research, which looked at extensive heat and cold waves across the six interconnected energy grid regions of the U.S. from 1980-2021, also found that every region experienced power outages during these events in the past decade.

The findings, detailed in the journal Environmental Research Letters, suggest that using more renewable energy at these times could help offset increased power demand as more people and businesses turn on heaters or air conditioners.

"These extreme events are not going away anytime soon. In fact, every region in the U.S. experiences at least one such event nearly every year. We need to be prepared for their risks and ensure that people have reliable access to energy when they need it the most," said lead author Deepti Singh, a Washington State University climate scientist."Potentially, we could generate more power from renewable resources precisely when we have widespread extreme events that result in increased energy demand."

The study showed increased solar energy potential in all six U.S. regions during heat extremes, and in all but one region during cold ones, the area covered by the Texas-run grid. The researchers noted that atmospheric ridges or atmospheric high-pressure systems that cause intense heat, like the heat wave that hit the Pacific Northwest in 2021, are often characterized by cloudless, blue skies. Clear skies allow more of the sun's radiation to reach the Earth, which could be converted into power by solar panels.

Conditions for wind power were more variable, but at least three regions had increased potential to capture this type of energy during these hot and cold events: the Northeast during widespread cold, and both the Texas grid and a major Midwestern grid during heat waves.

For this analysis, Singh and her colleagues used long-term historical climate data along with power outage data from the U.S. Energy Information Administration. The researchers specifically looked at large heat and cold waves as opposed to localized events because they can impose greater stress across the entire power grid.




Previous research has shown that climate change is changing the characteristics of temperature extremes. Adding to that evidence, this analysis showed that large heat waves are increasing in frequency, particularly across the Western U.S. and Texas grids, rising by 123% and 132% respectively. In the West, they are also increasing in intensity, duration and extent, meaning that they are hotter, last longer and affect a larger area.

On the other hand, cold extremes are declining in frequency yet have remained mostly the same in terms of intensity, duration and extent. A notable example is the costly February 2021 cold wave that blanketed nearly the entire country. The event caused an estimated $24 billion in damage, including multiple days of power outages in Texas, and resulted in 226 deaths, according to a National Oceanic and Atmospheric Administration report.

Whether there were outages or not, all regions experience increased energy demand during such temperature extremes, and this strains their power grids, showing a need for alternate solutions.

Expanding solar and wind energy has the potential to improve the resilience of energy systems during extreme events to minimize service disruptions and associated adverse impacts, which are often felt the hardest among vulnerable, overburdened communities, said Singh. In addition to increasing climate resilience of the country's energy infrastructure, she also pointed out these renewable energy sources have multiple benefits.

"At the very least, solar and wind power do one other major thing: reduce air pollution that is associated with burning fossil fuels and is really bad for our health and the health of our ecosystems," she said. "Solar and wind are also conducive to having a more distributed energy system. They can be installed closer to communities where they're used, which can help advance energy equity and access."

This study identifies only the potential of solar and wind energy to help shore up power grids, the authors noted. More research and development would be needed to increase the resilience of energy grids to climate variability and extremes.

"There is complexity here because we have to think about vulnerabilities in transmission and distribution infrastructure as well as the environmental impact of expanding solar and wind systems, but hopefully these benefits can give us additional reasons to accelerate our transition towards renewable energy," said Singh. "There are also technological improvements that could help ensure that we can leverage renewable energy when it's needed. The capacity is there."

This study received support from the National Science Foundation and WSU.
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What if the heavy rain would have fallen 50 kilometers away? | ScienceDaily
Floods affect more people worldwide than any other natural hazard, causing enormous damage that is expected to increase in a warming world. However, people and decision-makers in vulnerable regions are often unwilling to prepare for exceptionally severe events because they are difficult to imagine and beyond their experience. In a recent study, a team of researchers led by Bruno Merz and Sergiy Vorogushyn from the GFZ German Research Centre for Geosciences proposes a new strategy to motivate society to discuss appropriate risk management strategies: They are developing a series of hypothetical extreme flooding scenarios in Germany by shifting previously observed precipitation events by a few tens of kilometres in space and then calculating their effects using a flood model. 


						
Such scenarios are not improbable, as the actual precipitation could have fallen several dozen kilometres away. This results in events that are more than twice as severe as the most devastating flood in Germany since 1950. It also shows that regions spared in the past cannot feel safe, as they could also have been hit hard by destruction. The results were published in the journal Environmental Research Letters.

Background: Not well prepared for extraordinary events

Flooding affects more people globally than any other natural hazard. The July 2021 floods in Western Europe alone caused more than 220 fatalities and damage totalling almost EUR 50 billion. Despite tremendous impacts of exceptional floods in recent decades and their predicted, more frequent occurrence in the future, society is often unwilling to discuss and prepare for such events.

Surveys have shown that people find it difficult to empathise with events that they have not experienced themselves: They are then not good at predicting the negative effects of severe flooding. And they tend to judge the likelihood of an event by how easily they can imagine it. In addition, people and organisations generally find it difficult to think about threatening prospects and feel uncomfortable planning for situations that would harm themselves.

As a result, society is often surprised and little prepared when events occur that are more serious than what they have previously experienced -- with catastrophic consequences1. "The lack of preparedness to think about and prepare for exceptional flooding is worrying, as exceptional events are expected to occur more frequently in a warmer world. Hence, there is a need to develop exceptional scenarios which can also be understood by non-experts," says Bruno Merz, Head of the Hydrology Section at the GFZ German Research Centre for Geosciences in Potsdam and Professor of Hydrology at the University of Potsdam.

New approach: virtual spatial displacement of past extreme events

The severity of an event is often described in terms of return periods, such as the 100-year or 1000-year flood. This expresses the fact that an event of this severity only occurs on average every 100 or 1000 years. The probability of this occurring in a given year is therefore 1:100 or 1:1000. However, this concept is not easily accessible to laypeople.




Instead, the research team led by Bruno Merz and Sergiy Vorogushyn, senior scientist in the GFZ Hydrology Section, proposes using alternative spatial scenarios. These so-called counterfactual scenarios are alternative possibilities for past events, i.e. scenarios that did not occur but could have happened. To develop them, the researchers shift the precipitation fields of past floods and simulate the consequences that would have resulted if the paths of the low-pressure areas that caused them had taken a different route.

"We assume that it is easy for even laypeople to understand that a low-pressure system that caused heavy rain in a certain region could have developed slightly differently. As a result, a region that was spared at the time could have been hit and an affected region could have been hit much harder -- so they were just lucky at the time," explains Merz.

For their study, the researchers selected the ten most damaging floods in Germany since 1950 and shifted the rainfall at that time to three distances -- 20, 50 and 100 kilometres -- and eight directions. Such shifts are well justified in view of the mechanisms involved: The paths of precipitation-forming low-pressure systems are dominated by non-linear interactions on scales of [?]1,000 kilometres or more. Therefore, the precipitation fields of individual events can also develop differently if the overall meteorological situation is slightly different. These 24 counterfactual precipitation events for each of the ten largest disasters were fed into a flood model in order to quantify the severity of the flood for the corresponding regions in Germany.

Results using the example of the Christmas flood of 1993 

It turned out that the shift in precipitation can lead to much more severe flooding than the actual event. The Christmas floods of 1993 serve as an example:

Widespread and partially extreme precipitation in December 1993 led to flooding along the Middle and Lower Rhine at Christmas 1993, leading to several fatalities and inundations in three federal states. In Cologne alone, more than 13,500 households were affected. A counterfactual flood results here from a shift in the precipitation field by 50 kilometres towards the north-east. If the rain would have fallen there, many of the flood-hit locations would have been affected harder. And, in addition, many locations that have been spared from havoc would have been hit by river water levels surpassing flood defences.




Areas in the Weser river basin, that was only mildly affected in 1993, for example, would have experienced floods greater than the 100-year flood. Overall, the counterfactual scenarios generate peak discharges at more than 70 per cent of the 516 river gauges across Germany considered in this study that exceed the record floods currently recorded there.

Outlook: Utilising counterfactual scenarios for risk management

"Given that risk management tends to focus on the largest observed floods, the ease with which our approach generates many new flood-of-records is disturbing," summarises Merz.

"Our new approach is able to generate plausible exceptional scenarios that could be used to communicate flood risk to lay people and support flood risk management. Although damages cannot completely be prevented when exceptional floods occur, risk management can limit disastrous impacts," adds Sergiy Vorogushyn.

For example, forecasting, early warning and evacuation schemes can prevent fatalities. Spatial planning and infrastructure management can ensure that sensitive infrastructure such as care homes for the elderly and critical infrastructure such as power stations are either not located in hazardous zones or are protected against inundation.

In addition, infrastructure management can design backup and redundancy measures for continuous operation during inundation and develop measures that enable a rapid return to minimum service levels if a failure cannot be prevented.
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Curbside collection improves organic waste composting, reduces methane emissions | ScienceDaily
Most organic household waste ends up in landfills where it generates methane, a powerful greenhouse gas. Composting food and garden waste instead of sending it to landfills can significantly reduce methane emissions and help mitigate global warming. A new study from the University of Illinois Urbana-Champaign explores the effects of curbside compost collection programs in New South Wales, Australia.


						
"Governments around the world are interested in composting organic waste and reducing their methane emissions, and they are looking for ways to make waste collection more convenient for households. As municipal composting services were being rolled out in Australia, we wanted to measure how these policies affected household waste disposal behavior," said Becca Taylor, assistant professor in the Department of Agricultural and Consumer Economics, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

Between 2009 and 2015, 24 local government councils in New South Wales, Australia's most populous state, adopted curbside services to collect food and garden waste for recycling into compost. Households received a red bin for general waste, a yellow bin for recycling, and a green bin for organic waste. Information campaigns educated people on the types of waste allowed in the bins, and some councils provided small kitchen caddies to make waste sorting easier.

Taylor and coauthor Lihini de Silva, Monash Business School, Australia, analyzed household waste data from annual New South Wales government waste and resource recovery reports from 2008 to 2015.

"We had access to data for all three curbside waste streams: landfill, recycling, and the newly added compost, so we could see spillover and linkages between them. We found the programs were very successful in getting organic waste out of the landfill. On average households redirected 4.2 kilograms of waste to composting, which represents 25% of the waste that previously went to landfills," Taylor stated.

In some areas, people could put both food scraps and garden waste in the green bins, while other areas only allowed for garden waste. When the researchers compared the two types, they did not find large differences in quantities, which suggests most of the compost came from garden waste.

"People were willing to compost garden waste if they were given the bins to do so. However, there is still room for improvement in getting food waste from landfill to compost, and additional interventions might be needed in addition to providing the bins," Taylor said.




Based on the Australian data, Taylor and de Silva estimated that moving a ton of organic waste from landfill to compost would result in 6% to 26% reductions in methane emissions. They noted these results could vary for other locations because calculations are based on the specific compost and landfill technologies that are used.

"We also wanted to see if composting affected other recycling or waste amounts. It could go either way -- people could be reminded to recycle other waste as well, or the additional time and effort could result in less general recycling. Another concern was whether giving people an extra bin would increase the total amount of waste," Taylor said. "However, we did not find significant effects on recycling rates, so it's not crowding out other recycling, but also not encouraging it. We also found no effects on the total amount of waste."

Methane traps heat in the atmosphere around 30 times more effectively than carbon dioxide. It remains in the atmosphere for a much shorter amount of time, so reductions in methane emissions have a more immediate impact on reducing global warming. Landfills are the third largest source of human-related methane emissions, after fossil fuels and livestock. Composting organic waste instead of sending it to landfills provides an important and low-cost way to reduce methane emissions, the researchers explained.

"These compost collection programs facilitate methane emission reductions without reducing the amount of waste. This underscores that recycling is important, but generating less waste in the first place would result in even greater emission reductions. Both measures are important elements of sustainable practices," Taylor concluded.
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Optimizing electronic health records: Study reveals improvements in departmental productivity | ScienceDaily

The study, led by a team of health care professionals in a family medicine department, embarked on a department-wide EHR optimization initiative in collaboration with IT specialists over a four-month period. Unlike previous efforts that primarily focused on institutional-level successes, this study delved deep into the intricacies of EHR interface development and its impact on clinical workflow.

"There has been a longstanding disconnect between EHR developers and end-users, resulting in interfaces that often fail to capture the intricacies of clinical workflows," said Adam M. Franks, M.D., interim chair of family and community health at the Joan C. Edwards School of Medicine and lead researcher on the study. "Our study aimed to bridge this gap and demonstrate the tangible benefits of collaborative optimization efforts."

The methodology involved an intensive quality improvement process engaging clinicians and clinical staff at all levels. Four categories of optimizations emerged: accommodations (adjustments made by the department to fit EHR workflows); creations (novel workflows developed by IT); discoveries (previously unnoticed workflows within the EHR); and modifications (changes made by IT to existing workflows).

Key findings from the study showed significant improvements in productivity: The optimization efforts led to remarkable enhancements in departmental productivity. Monthly charges increased from 0.74 to 1.28, while payments surged from 0.83 to 1.58. Although monthly visit ratios also increased from 0.65 to 0.98, the change was not statistically significant.

The study also revealed that a significant number of solutions to EHR usability issues were already embedded within the system, emphasizing the need for thorough exploration and understanding of existing workflows.

Finally, accommodation optimizations underscored the necessity for better collaboration between EHR developers and end-users before implementation, highlighting the potential for more user-centric design approaches.

"Our study not only demonstrates the efficacy of departmental collaboration with IT for EHR optimization but also underscores the importance of detailed workflow analysis in enhancing productivity," Franks said.

The research provides valuable insights for health care institutions aiming to maximize the potential of their EHR systems, with implications for improving patient care, efficiency and overall organizational performance.
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Using 'time travel' to think about technology from the perspective of future generations | ScienceDaily
The world approaches an environmental tipping point, and our decisions now regarding energy, resources, and the environment will have profound consequences for the future. Despite this, most sustainable thought tends to be limited to the viewpoint of current generations.


						
In a study published in Technological Forecasting and Social Change, researchers from Osaka University have revealed that adopting the perspective of "imaginary future generations" (IFGs) can yield fascinating insights into long-term social and technological trends.

The researchers organized a series of four workshops at Osaka University, with participants drawn from the faculty and student body of the Graduate School of Engineering. The workshops discussed the state of future society and manufacturing in general, and also looked at one technology in particular: hydrothermally produced porous glass. During the workshops, the participants were asked to think about this technology from the perspective of IFGs, to imagine how this technology might be adopted in the future and to assess its future potentiality.

"We chose hydrothermally produced porous glass for the case study because of the generational trade-offs involved," says lead author of the study Keishiro Hara. "Porous glass is incredibly useful as either a filter for removing impurities or an insulator for buildings. Also, it can be recycled into new porous glass more or less indefinitely. The problem is that making it takes a lot of energy -- both to pulverize waste glass and to heat water to very high temperatures. There's a striking trade-off between costs now and gains in the future."

In the workshops, the participants first looked at issues involving society and manufacturing from the perspective of the present and were then asked to imagine themselves in the shoes of their counterparts in 2040.

"The future the participants imagined was quite different from the future as seen from the perspective of the current generation," explains Toshihiro Tanaka, senior author. "Most groups described a future in which sustainability has become a central concern for society. Meanwhile, advances in renewal energy mean that energy is abundant, as are resources, as frontiers such as the moon and deep ocean are opened to exploration. In this context, hydrothermally produced porous glass comes into its own as a sustainable way to recycle glass, and the energy needed to produce it is readily available."

The participants were surveyed between workshops and asked to rank indicators related to the future potentiality of the technology. Interestingly, these rankings looked quite different after the workshops in which the participants were asked to take on the perspective of "imaginary future generations."

"We noticed that when the "imaginary future generations" method, which has been proven to be effective in facilitating long-term thinking, was adopted, participants perceived the feasibility of this technology differently, and their adoption scenarios changed accordingly," says Hara.

The study suggests that the simple act of putting ourselves in the position of future generations may provide new perspectives on issues of sustainability and technology, helping us to rethink our priorities and set new directions for research and development.
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New roadmap to prevent pandemics centers on protecting biodiversity | ScienceDaily
An international team of 25 scientists has proposed a roadmap for how to prevent the next pandemic by conserving natural areas and promoting biodiversity, thereby providing animals with enough food, safe havens and distance to limit contact and the transfer of pathogens to humans.


						
Pandemics begin when disease-harboring animals, such as bats, come in close proximity with people, livestock or other animals and pass on new pathogens. Viruses such as SARS-CoV-2, SARS-CoV-1, Nipah, Hendra and possibly Ebola have all fatally spilled over from bats to humans, sometimes through an intermediate host.

"The world is focused on how can we detect and then contain a novel pathogen once it is circulating in humans, rather than how can we prevent that pathogen from entering the human population in the first place," said Raina Plowright, professor in the Department of Public and Ecosystem Health at Cornell University, and first author of the paper, "Ecological Countermeasures to Prevent Pathogen Spillover and Subsequent Pandemics," published in Nature Communications.

The pandemic-prevention strategy is based on insights from a pair of 2022 papers that serve as a case study applicable to all animals that potentially carry zoonotic diseases. Those papers -- about how bats can spread fatal Hendra virus to horses and people -- explained that when bats lose their natural habitats and winter food sources, their large populations splinter and they migrate in small groups to agricultural and urban areas. They also become stressed, partly due to inadequate food sources, and they shed more virus in their urine. The virus falls to the ground where grazing horses become infected; horses in turn can then infect people. But when natural habitats can provide adequate food, especially in fallow winter months, the bats return to these habitats, aggregate in large numbers, and stop shedding virus.

The roadmap uses this and other case studies to explain the mechanisms linking environmental change and spillover of pathogens from animals to humans, and identifies ecological interventions to disrupt these links and policy frameworks to implement them.

Ecological interventions begin by protecting the places where animals eat. "We need to make sure there's always an abundant supply of food available at all times of year, especially when animals are in stressful life history stages like reproduction and migration," Plowright said.

Next, it's important to protect where animals may roost or aggregate, as tens of thousands of bats can roost in canopies and caves, so when these areas are disturbed, these populations can splinter, move and shed more virus. Also, cave dwelling bats may not have other caves to move to, in which case they stay put, become more stressed and likely shed more virus. Protecting lands that act as buffers between people and wildlife is also key.




"There are trillions of microbes in nature, but we rarely actually get sick, because there are many, many barriers between us and new pathogens," Plowright said.

Lastly, for communities who come in contact with animals, it's important to ensure people have the protection that they need to avoid pathogen exposure, Plowright said.

The study's authors emphasize the need for an international agency or panel that can assess and synthesize data on pandemic prevention, preparedness and response and collect metrics on intactness of landscapes, ecological integrity and biodiversity.

The paper was funded by the Cornell Center for Pandemic Prevention, Preparedness and Response, the National Science Foundation, the Defense Advanced Research Projects Agency, the National Institutes of Health, the Montpellier Advanced Knowledge Institute on Transitions and the National Environment Research Council.
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Crackdown on illicit drugs detects rise in 'designer' drug substitutes | ScienceDaily
As authorities crack down on illicit drugs, University of South Australia experts have issued an alert on the use of the synthetic stimulant pentylone, as new research finds a 75% increase in detections across Australia.


						
In a new study as part of the Australian Criminal Intelligence Commission's National Wastewater Drug Monitoring Program, researchers identified 20 different novel psychoactive substances (NPS) in wastewater treatment plants across Australia (between Feb 22-23) with pentylone detected at every collection site. Other NPS, eutylone and phenibut were also commonly detected.

Pentylone, (street name 'bath salts'), is a highly potent and unpredictable synthetic cathinone, producing similar effects to stimulants such as methamphetamine or MDMA. This group of drugs produces stronger effects that wear off faster, leading to more frequent use.

Users of novel psychoactive substances are at risk due to limited information about the toxicity and unpredictable effects of these compounds.

In 2022 Australia had 1693 drug-induced deaths (64% males and 36% females).

UniSA researcher, Dr Emma Jaunay says any changes to drug levels in wastewater can provide an early warning for NPS circulating in the illicit drug market.

"Novel psychoactive substances are drugs that have been designed to mimic established illicit drugs, such as cannabis, cocaine, MDMA and LSD," Dr Jaunay says.




"These types of drugs are unregulated and untested, and by nature their chemical composition is constantly changing to stay ahead of the law. When they first appear, they're commonly called 'legal highs' because they are not yet classed as controlled or prohibited substances.

"In this study, we tested wastewater from across Australia to determine what type of NPS were being used across the year. Of the 59 different NPS we looked for, 20 were found in wastewater across the study - some occasionally, while others were at every site for multiple collections.

"The most common group of NPS detected were synthetic cathinones, also known as 'bath salts', which mimic the effect of stimulant drugs like MDMA.

"Specifically, we detected an increase of pentylone across Australia, with frequencies rising from 25% in April in 2022 to 100% across all states and territories by December that same year.

"Interestingly, we found pentylone displaced eutylone, which highlights the constantly evolving nature of NPS, and how quickly drug preferences change."

This study is unique in that the sample intentionally avoided special events and holiday periods to determine more typical trends across the year.

"Changes to drug levels present in wastewater can provide early signals about drug use and raise awareness of new drugs with harm potential," Dr Jaunay says.

"Routine monitoring provides valuable insights about illicit drugs and their 'legal' counterparts before overdoses and fatalities occur."
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Research identifies characteristics of cities that would support young people's mental health | ScienceDaily
As cities around the world continue to draw young people for work, education, and social opportunities, a new study identifies characteristics that would support young urban dwellers' mental health. The findings, based on survey responses from a global panel that included adolescents and young adults, provide a set of priorities that city planners can adopt to build urban environments that are safe, equitable, and inclusive.


						
To determine city characteristics that could bolster youth mental health, researchers administered an initial survey to a panel of more than 400, including young people and a multidisciplinary group of researchers, practitioners, and advocates. Through two subsequent surveys, participants prioritized six characteristics that would support young city dwellers' mental health: opportunities to build life skills; age-friendly environments that accept young people's feelings and values; free and safe public spaces where young people can connect; employment and job security; interventions that address the social determinants of health; and urban design with youth input and priorities in mind.

The paper was published online February 21 in Nature.

The study's lead author is Pamela Collins, MD, MPH, chair of the Johns Hopkins Bloomberg School of Public Health's Department of Mental Health. The study was conducted while Collins was on the faculty at the University of Washington. The paper was written by an international, interdisciplinary team, including citiesRISE, a global nonprofit that works to transform mental health policy and practice in cities, especially for young people.

Cities have long been a draw for young people. Research by UNICEF projects that cities will be home to 70 percent of the world's children by 2050. Although urban environments influence a broad range of health outcomes, both positive and negative, their impacts manifest unequally. Mental disorders are the leading causes of disability among 10- to 24-year-olds globally. Exposure to urban inequality, violence, lack of green space, and fear of displacement disproportionately affects marginalized groups, increasing risk for poor mental health among urban youth.

"Right now, we are living with the largest population of adolescents in the world's history, so this is an incredibly important group of people for global attention," says Collins. "Investing in young people is an investment in their present well-being and future potential, and it's an investment in the next generation -- the children they will bear."

Data collection for the study began in April 2020 at the start of the COVID-19 pandemic. To capture its possible impacts, researchers added an open-ended survey question asking panelists how the pandemic influenced their perceptions of youth mental health in cities. The panelists reported that the pandemic either shed new light on the inequality and uneven distribution of resources experienced by marginalized communities in urban areas, or confirmed their preconceptions of how social vulnerability exacerbates health outcomes.




For their study, the researchers recruited a panel of more than 400 individuals from 53 countries, including 327 young people ages 14 to 25, from a cross-section of fields, including education, advocacy, adolescent health, mental health and substance use, urban planning and development, data and technology, housing, and criminal justice. The researchers administered three sequential surveys to panelists beginning in April 2020 that asked panelists to identify elements of urban life that would support mental health for young people.

The top 37 characteristics were then grouped into six domains: intrapersonal, interpersonal, community, organizational, policy, and environment. Within these domains, panelists ranked characteristics based on immediacy of impact on youth mental health, ability to help youth thrive, and ease or feasibility of implementation.

Taken together, the characteristics identified in the study provide a comprehensive set of priorities that policymakers and urban planners can use as a guide to improve young city dwellers' mental health. Among them: Youth-focused mental health and educational services could support young people's emotional development and self-efficacy. Investment in spaces that facilitate social connection may help alleviate young people's experiences of isolation and support their need for healthy, trusting relationships. Creating employment opportunities and job security could undo the economic losses that young people and their families experienced during the pandemic and help cities retain residents after a COVID-era exodus from urban centers.

The findings suggest that creating a mental health-friendly city for young people requires investments across multiple interconnected sectors like transportation, housing, employment, health, and urban planning, with a central focus on social and economic equity. They also require urban planning policy approaches that commit to systemic and sustained collaboration, without magnifying existing privileges through initiatives like gentrification and developing green spaces at the expense of marginalized communities in need of affordable housing.

The authors say this framework underscores that responses by cities should include young people in the planning and design of interventions that directly impact their mental health and well-being.
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Pairing crypto mining with green hydrogen offers clean energy boost | ScienceDaily
Pairing cryptocurrency mining -- notable for its outsize consumption of carbon-based fuel -- with green hydrogen could provide the foundation for wider deployment of renewable energy, such as solar and wind power, according to a new Cornell University study.


						
"Since current cryptocurrency operations now contribute heavily to worldwide carbon emissions, it becomes vital to explore opportunities for harnessing the widespread enthusiasm for cryptocurrency as we move toward a sustainable and a climate-friendly future," said Fengqi You, professor of energy systems engineering at Cornell.

You and doctoral student Apoorv Lal are authors of "Climate Sustainability Through a Dynamic Duo: Green Hydrogen and Crypto Driving Energy Transition and Decarbonization," which published March 25 in the Proceedings of the National Academy of Sciences.

Their research shows how linking the use of energy-intensive cryptocurrency mining with green hydrogen technology -- the "dynamic duo," they call it -- can boost renewable energy sectors.

"Building a green hydrogen infrastructure to help produce cryptocurrency can accelerate renewable energy and create a more sustainable energy landscape," Lal said.

Using clean energy sources to power blockchain mining operations and fuel the production of green hydrogen can lead to growing wind and solar capacity -- and expand sustainable energy production across the country, the researchers said.

In its current structure, mining blockchain-based cryptocurrency in the U.S. can use as much carbon-based energy as the entire country of Argentina, according to a 2022 White House Office of Science and Technology report. Nearly all domestic crypto-mining electricity is driven by computer power-hungry consensus mechanisms, known as "proof of work," which is used to verify crypto-assets.




Preliminary estimates by the U.S. Energy Information Administration suggest that 2023 annual electricity consumption for cryptocurrency mining likely represents from 0.6% to 2.3% of all U.S. electricity consumption.

"Acknowledging the substantial energy demands of cryptocurrency mining, our research proposes an innovative technology solution," You said. "By leveraging cryptocurrencies as virtual energy carriers in tandem with using green hydrogen, we can transform what was once an environmental challenge into a dynamic force for climate mitigation and sustainability."

In their research, You and Lal examined individual U.S. states to assess potential energy strengths in each region.

Supporting cryptocurrency can hasten the building of extra energy infrastructure and potentially create 78.4 megawatt hours of solar power for each Bitcoin mined in New Mexico, for example, and potentially 265.8 megawatt hours of wind power for each Bitcoin mined in Wyoming, according to the paper.

"While cryptocurrency currently has a high dollar value (Bitcoin traded for more than $73,000 on March 13,) you cannot hold it in your hand," You said. "It's virtual. Think of cryptocurrency and energy in the same way -- much like a gift-card concept. Cryptocurrency also can hold an energy value and that becomes an additional function."

To advance a sustainable future for blockchain-based cryptocurrency, the researchers said, stronger federal policies for climate goals and renewable energy need to advance.

"Coupled with green hydrogen, this approach to cryptocurrency not only mitigates its own environmental impact, but pioneers a sustainable path for renewable energy transition," You said. "It's a novel strategy."

You is a senior faculty fellow at the Cornell Atkinson Center for Sustainability. Funding for this work was provided by the National Science Foundation.
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2 in 3 parents say their adolescent or teen worries about how sick days may impact grades | ScienceDaily
Many parents struggle deciding whether their middle or high school aged child should stay home from school if they don't feel well, a new national poll suggests.


						
Among top factors: how their adolescent or teen is behaving due to symptoms and if they can get through a school day, the risk that they're contagious and whether the student will miss a test, presentation or after school activity.

One in five parents also consider if their child needs a mental health day, according to the University of Michigan Health C.S. Mott Children's Hospital National Poll on Children's Health.

"In some cases, the decision to keep kids home from school is clear, such as if the child is vomiting or has a high fever," said Mott Poll co-director Sarah Clark, M.P.H. "But parents often have to guess at whether their child's report of 'not feeling well' represents a good reason to miss school."

The nationally representative report is based on 1,300 responses from parents of children ages 11 to 18 surveyed in February 2024.

Sick day decisions go beyond physical illness

More than half of parents say they're more likely to keep kids home just to be safe in situations where it's unclear how sick their child is. Another quarter of parents would send their child to school and hope for the best while less than a fifth would let their child decide.




As grades become more important to adolescents and teens in junior and senior high school, many parents also include academic considerations in their sick day decision. Nearly two thirds of parents say their child worries about an absence's negative impact on grades or missing friends or school activities.

Clark recommends parents ask more questions to learn about their child's request to stay home. If it's on the day of a test, she says, it may reflect their lack of preparation or anxiety about performing well.

Mental health day considerations

Many parents recognize increasing mental health concerns among children, reflected by the 19% who say they're open to allowing a child to take a mental health day.

Clark notes that in some instances, face to face interactions may trigger or exacerbate mental health issues, such as a breakup with a romantic partner, a falling out with friends, or an embarrassing incident shared on social media.

"It's understandable that students may fear facing peers in uncomfortable social situations, but they can't miss school every time they expect an unpleasant interaction," she said.




"Facing discomfort is a natural part of life, and parents play an important role in helping kids to learn how to navigate these challenges in order to build resilience and develop healthy strategies for handling social stressors."

In balancing their decisions about allowing their child a mental health day, parents may think about the purpose of the day away from school, she says. It may be an opportunity to help their child plan how to handle interactions, practice strategies to stay calm and ease anxiety, and identify specific peers, teachers or staff who could be sources of support.

For children who have been diagnosed with depression or anxiety, missing school may be necessary to sustain the child's well-being, Clark adds. Parents should consult with their child's mental health provider for guidance.

Complying with school attendance policies

Nearly all parents polled say their school has an attendance policy, which they felt was necessary to ensure children go to school consistently. The majority of parents also think the amount and timeframe for making up missed schoolwork is reasonable.

However, many also acknowledge that compliance with school attendance policies can be particularly challenging for children with chronic medical conditions who often miss school due to medical visits or to avoid exacerbations of their condition.

"Parents agreed that attendance policies are important to preventing truancy or excessive absenteeism linked to poor school performance," Clark said.

"However, parents of children with health issues that require traveling to regular appointments and even hospitalizations may need to have conversations with school administrators and teachers about the likelihood of health related absences. These families may need to enlist the child's healthcare providers for support in requesting school flexibility in completing assignments at home or with additional time."
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Confusing assistance requirements contribute to food insecurity among college students | ScienceDaily
Food insecurity among college students is associated with negative physical and mental health and lower academic performance and graduation rates. A recent research study in the Journal of Nutrition Education and Behavior, published by Elsevier, investigates why over half of college students eligible for the Supplemental Nutrition Assistance Program (SNAP) -- the nation's largest food assistance program -- do not apply.


						
Lead study author Suzanna M. Martinez, PhD, MS, Department of Epidemiology and Biostatistics, University of California San Francisco, explained, "In California, SNAP is known as CalFresh and despite policies and communication to improve college students' access to CalFresh, participation remains low, with approximately 78% of those eligible not receiving benefits."

While CalFresh benefits are paid by the federal government, county agencies are responsible for implementing policies, determining eligibility, processing applications, and distributing funds. This study conducted focus groups and interviews with county staff to determine how agency workers interpret the complex criteria for students to meet SNAP eligibility. Questions focused on how students' applications differed from community applicants, steps taken when processing student applications, student-specific training, and suggested improvements to the process.

Five central themes were identified in interviews: (1) a need for more consistency in policy dissemination and program administration, (2) student exemptions and the application process are perceived as challenges for students, (3) facilitators of successfully processing student SNAP applications, (4) tracking policy changes is burdensome, and (5) eliminate the student rules.

Study findings illustrate that SNAP rules are challenging for students as well as those involved in the implementation of the rules. Also, eligibility requirements written over 50 years ago, based on the assumption that college students are primarily from middle-class families, are outdated. The research supports simplifying the student SNAP process to increase participation for eligible students, especially for historically minoritized racial and ethnic groups and low-income students for whom equitable access to SNAP benefits is critical.

Dr. Martinez added, "The timing of this study resulted in a natural experiment since COVID-19-related SNAP modifications streamlined the student application process and reduced administrative burden. These modifications alleviated some challenges discussed by county workers, confirming existing opinions to eliminate the student rules."
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Teacher effectiveness for students with and without disabilities | ScienceDaily
Research has often focused on how teachers and educators can best instruct and accommodate students with disabilities. However, are the methods used to teach students with disabilities effective and inclusive for all students? Michigan State University researchers are some of the first to answer that question.


						
Faculty and doctoral students from across MSU, including from the College of Social Science and the College of Education, offer some of the first findings on differentiating the effectiveness of instruction for students with and without disabilities.

Their study suggests that to help schools make decisions that are best for student outcomes, policymakers may want to consider teacher quality measures that look separately at these student groups.

Published in the journal Educational Evaluation and Policy Analysis, this research presents a major breakthrough in understanding how to best measure achievement for both students with and without disabilities.

"Most students with disabilities spend most of their school day in general education classrooms, but many teachers indicate they receive insufficient training and preparedness to educate these students," said Scott Imberman, study author and professor in the Department of Economics in the College of Social Science and the College of Education. "We thought that through the use of statistical measures of teacher quality, we could identify which teachers are more effective teachers with these students and how much general education teachers' ability to instruct these students varies."

It's important that students with disabilities have access to high-quality teachers, and not all teachers receive the necessary training and skills to support those students. They also can struggle more with certain subjects, such as math. Student success outcomes are also often determined by how the entire class performs rather than how individual students perform.

When it comes to evaluating the success of all students, numerical measures known as value-added measures, or VAM, are typically used. However, these measures often do not distinguish between evaluating students with and without disabilities.




The MSU research team created a study using data from the Los Angeles Unified School District due to the large number of enrollees and students with disabilities. They created two specific value-added measures -- one for evaluating the effectiveness for teachers instructing students with disabilities and the other for students without disabilities.

They found that some of the best-performing teachers for students without disabilities have lower value-added scores for students with disabilities. Similarly, they noted that top-performing teachers for students with disabilities have lower value-added scores for students without disabilities. This means that some students who may appear to be matched with a high-quality teacher could actually be better off with other teachers.

The bigger inequity, according to Imberman, is that although "some general education teachers do have specialized skills that make them more effective for students with disabilities, our case study in Los Angeles suggested disabled students are typically not matched to these teachers."

While the results do not identify how to better match teachers with students with disabilities, they do raise the point to schools and policymakers to explore how both groups of students and, especially those with disabilities, can have better academic gains. It is also necessary that educators, especially those who have been teaching longer, receive the appropriate training to support students with disabilities.

"We hope that our methods can be used in the future to help school officials better match students with disabilities to the teachers who are best equipped to instruct them and better assess which teachers might need additional training in educating disabled students," Imberman said.

In addition to Imberman, the research team included Katharine Strunk, dean of the University of Pennsylvania's Graduate School of Education; Nathan Jones, associate professor in the Special Education program at Boston University Wheelock College of Education and Human Development; W. Jesse Wood, senior analyst at Abt Associates; Neil Filosa, doctoral student in the MSU Department of Economics; and Ijun Lai, researcher with Mathematica.
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Less obesity in 3- and 4-year-olds after the pandemic, Swedish study finds | ScienceDaily
The prevalence of overweight and obesity in the group of 3- and 4-year-olds in Sweden has decreased after the pandemic. The increase during the pandemic thus appears to have been temporary. These are the findings of a study conducted at the University of Gothenburg and Uppsala University.


						
The study, published in the journal JAMA Pediatrics, is based on data on 50,833 children aged 3-5 years. Healthcare data about the children are sourced from regular check-ups at pediatric healthcare centers, BVC. Participating regions were Dalarna, Jonkoping County and Sormland.

The researchers have previously been able to demonstrate increased overweight and obesity during the pandemic among 3- and 4-year-olds in Sweden. According to the current study, today's 3- and 4-year-olds are at about the same levels as 3- and 4-year-olds before the pandemic. The group of 5-year-olds has not had similar weight changes.

The studied time periods are before the COVID-19 pandemic (up to and including April 2020), early pandemic (May 2020-May 2021), late pandemic (June 2021-March 2022) and post-pandemic (from April 2022).

Increasing and decreasing BMI

In the group of 3-year-olds, the proportion with obesity increased from 2.4 percent before the pandemic to 3.4 percent during the early pandemic, and then decreased to 2.3 percent during the late pandemic. After the pandemic, the proportion of 3-year-olds with obesity was 2.6 percent.

The development of overweight in 3-year-olds follows the same pattern. The proportion of overweight children went from 11.6 to 13.2 percent, followed by a decline to 11.3 during the late pandemic. After the pandemic, the proportion of overweight 3-year-olds was 11.9 percent.




In the group of 4-year-olds, BMI (body mass index) also changed significantly. The obesity rate increased from 2.6 percent before the pandemic to 3.7 percent during the early pandemic, then declined to 3.1 percent during the late pandemic and to 2.5 percent after the pandemic.

The proportion of overweight in the group of 4-year-olds rose from 10.3 percent before the pandemic to 11.7 percent during the early pandemic, and then decreased to 9.9 percent during the late pandemic and after the pandemic.

Unhealthy weight can regress

Globally, weight gain in young children during the pandemic has been explained by changes in dietary habits and reduced physical activity as a result of social restrictions and closed preschools. In Sweden, preschools were up and running, but the weight trend remained the same as in other countries, which, according to the researchers, may be due to the fact that many children missed out on nutritious food and regular outdoor activity.

The fact that the weight trend has now been broken is also of great importance in the long term. Childhood obesity increases the likelihood of continued obesity in adulthood, with an increased risk of cardiovascular disease, cancer, and lower quality of life.

Responsible for the study are Anton Holmgren, Pediatrician at Halland Hospital, who conducts research in pediatrics at Sahlgrenska Academy, University of Gothenburg, and Anna Faldt, Researcher at Uppsala University within pediatric health and parenthood.

"The fact that the proportion of overweight and obese 3- and 4-year-olds has decreased indicates that the weight gains were related to the pandemic, and that an unhealthy weight status can be reversed. This also applies at the individual level, a significant proportion of the children where we had repeated measurements dropped to a lower BMI class after the pandemic," says Anton Holmgren.
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Small changes can yield big savings in agricultural water use | ScienceDaily
While Hollywood and Silicon Valley love the limelight, California is an agricultural powerhouse, too. Agricultural products sold in the Golden State totaled $59 billion in 2022. But rising temperatures, declining precipitation and decades of over pumping may require drastic changes to farming. Legislation to address the problem could even see fields taken out of cultivation.


						
Fortunately, a study out of UC Santa Barbara suggests less extreme measures could help address California's water issues. Researchers combined remote sensing, big data and machine learning to estimate how much water crops use in the state's Central Valley. The results, published in Nature Communications, suggest that variation in efficiency due to farming practices could save as much water as switching crops or fallowing fields.

"There's an opportunity for less obtrusive methods of saving water to be more important than we originally thought," said lead author Anna Boser, a doctoral student at UCSB's Bren School of Environmental Science & Management. "So we might not have to make as many changes in land use as we originally thought."

California's fertile soils and Mediterranean climate enable farmers to cultivate high-value crops that just aren't viable in the rest of the country. Over a third of the country's vegetables, and nearly three-quarters of fruits and nuts, are grown in California, according to the state's Department of Food and Agriculture.

But many of these crops are quite thirsty. Agriculture accounts for around 80% of water used in California, explained co-author Kelly Caylor, a professor at the Bren School. "Declining groundwater levels and a changing climate put pressure on the availability of irrigation water, making it critical to determine how we can 'do more with less.'"

In 2014, Sacramento passed the Sustainable Groundwater Management Act (SGMA) to secure California's water resources. SGMA mandates that every groundwater basin in the state must be sustainable by 2040. Each basin created a local agency tasked with developing a plan to meet this goal. Mostly, that means ensuring that we don't pump more water out of the ground than what seeps in. We will need to reduce total groundwater use by 20% to 50% by 2040, depending on the basin, Boser said. But to accomplish this, we need an idea of how much water farms use, and what fraction of that actually makes it to crops.

Modeling water use

Scientists have a variety of methods to estimate the amount of water ascending from the Earth's surface to the atmosphere due to evaporation and transpiration through plant leaves. Notably, evaporation cools things down. "When we get hot, we sweat to cool off. The Earth does something similar," Boser said. Scientists look at how warm the ground is and see how much energy it's getting from sunlight and the atmosphere. If the ground is cooler than expected, it means some of that energy was used to turn water into vapor, which cools down that spot.




An evapotranspiration database called OpenET became publicly available in early 2023. It provides satellite-based evapotranspiration estimates for the western United States. But Boser was interested in the water being used specifically by crops. So, she compared transpiration in fallowed fields to active fields across the Central Valley. Subtracting evapotranspiration in fallow fields from total evapotranspiration yields the amount of water that crops are actually consuming.

Unfortunately for Boser, farmers don't fallow fields randomly. Often they'll take their lowest-yielding fields out of production. That creates systematic differences between fallowed and cultivated fields, which could skew Boser's analysis. So, she created a machine-learning model to conduct a weighted comparison between active and fallowed land, accounting for factors like location, topography and soil quality.

She trained the model on 60% of the areas and tested its results on 30%, fine tuning the algorithm until its predictions matched the actual conditions in these fields within 10 milliliters per square meter per day, on average. Now confident in her model, she applied it to the rest of California's Central Valley.

Encouraging results

Crop type only explained 34% of the variation in water consumption. "What that means is maybe we're overlooking some other ways that we could save water," Boser said. She continued to investigate the model, controlling for factors like location, topography, local climate, soil quality and orchard age (when applicable). Ultimately, a full 10% of crop transpiration could be saved if the top 50% of water users reduced their water consumption to match that of their median-consuming neighbors. Boser attributes these savings to differences in "farming practices."

Now, 10% might not sound like a lot, but it's comparable to a number of other interventions. The authors also estimated the effect of switching crops. If the same 50% of farmers switched to the median water-intensive crops for their area, agricultural evapotranspiration would drop by 10%.




Meanwhile, if the state took the top 5% most water-hungry fields out of production, the model says agricultural evapotranspiration would drop by, you guessed it: 10%. This suggests that addressing inefficiencies in farming practices could save as much water as switching crops or taking fields out of cultivation.

To be fair, the results from fallowing would affect only 5% of cultivated land, as opposed to 50% for crop changes and improved farming practices. "We're probably going to have to fall back on fallowing at least a little bit," Boser said, "but hopefully not as much as we were originally expecting."

The authors want to figure out what practices farmers are using that account for the 10% differences in crop water usage. Some examples include mulching, no-till planting, using drought-tolerant varietals, and deficit irrigation -- where you provide less water than the crop could theoretically consume. Deficit irrigation already yields good results in viticulture, where vintners find it can improve the quality of wine.

Changing irrigation practices could also help reduce water use. Irrigation efficiency accounts for the fraction of water a farm uses that actually gets consumed by crops. Inefficiencies include leakage, weed growth and evaporation in transport and in the field. These weren't within the scope of Boser's model, which only considers transpiration by the crops themselves. Inefficiencies happen before the water even gets to the plants.

According to Boser, up to 60% of the water a farm uses actually passes through the roots of its crops. Clearly there's plenty of potential gains in this area, though it isn't clear what efficiency is actually attainable, she said. "Irrigation efficiency is actually quite poorly understood."

Better characterizing this is on the team's to-do list. They hope to identify the causes of irrigation inefficiencies, quantify the efficiencies of different types of irrigation, and learn how climate and geography affects irrigation efficiency. All this will require collecting empirical data.

California is at a critical crossroads in water management. For the first time in its history, the state is putting in place regulations that require substantial reductions in groundwater extraction, including in regions where livelihoods depend on thirsty agricultural production.

"This paper uses novel, data-driven methods to show that, contrary to popular belief, there is large potential to cut water use in California agriculture without fallowing fields," said co-author Tamma Carleton, an assistant professor at UCSB's Bren School. "This raises the possibility that the state can continue its role as an agricultural powerhouse while also sustainably managing an essential natural resource."
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Droughts in Europe could be avoided with faster emissions cuts | ScienceDaily
Rapid climate action could mean devastating dry periods in the Mediterranean become less frequent by the end of the century, a new study shows.


						
Advanced computer modelling suggests summer rainfall in southern Europe could decline by up to 48% by the year 2100 if emissions of greenhouse gases continue to rise rapidly, but much of this projected decline could be avoided by reaching net-zero emissions as soon as possible.

The study, led by scientists at the University of Reading, published today (Monday 25 March) in Geophysical Research Letters, provides additional evidence to motivate accelerated climate action and prevent drastic rainfall decline, more droughts and more forest fires.

Dr Andrea Dittus, the study's lead author, said: "The climate has already warmed so much that some rainfall decline is inevitable, but our findings show that further summer drying projected for Europe could be avoided. Halting rising global temperatures by reducing fossil fuel emissions to net-zero will mean the Mediterranean does not continue to get drier.

"We have no time to waste in cutting emissions. If we don't act rapidly, many countries in the Mediterranean will suffer from a significant lack of rain, with potential major knock-on effects for the UK and elsewhere."

Slowing global warming

In July 2023, Dr Dittus was awarded PS580,000 by the UKRI Natural Environment Research Council to investigate what a net zero world would look like. Many previous studies have investigated the impact on Earth at different levels of global warming, but studying net zero climates is a relatively recent focus of research that follows commitments by world leaders -- such as in the 2015 Paris Agreement -- to limit global warming.

The new study focuses specifically on the impact of stabilising temperatures in Europe. The researchers highlight that the speed of global warming is a critical factor in preventing drought and extreme dry periods. When temperatures rise quickly due to unchecked emissions, it causes more extreme shifts in rainfall. But if warming happens more gradually because of strong climate action, the impacts are less severe.

This means that the steps taken by countries to cut pollution in the coming years could hugely influence Europe's future summers. While focused on Europe, the scientists say similar benefits of rapid climate action are likely for other regions across the world.

However, the researchers caution that avoiding the most serious impacts depends on achieving major emissions reductions starting right away. The more optimistic scenarios are only possible if the world transitions away from fossil fuels as soon as possible.
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All countries' agri-environmental policies at a glance | ScienceDaily
There can be no analysis without data. In this spirit, researchers from the University of Bonn and the Swiss Federal Institution of Technology (ETH) Zurich have published a database containing over 6,000 agri-environmental policies, thus enabling their peers as well as policymakers and businesses to seek answers to all manner of different questions. The researchers have used two examples to demonstrate how this can be done: how a country's economic development is linked to its adoption of agri-environmental policies and how such policies impact soil erosion. Their study has now been published in Nature Food. 



						
Although agriculture is vital for our survival and well-being, it is also responsible for significant greenhouse gas emissions, biodiversity loss and soil degradation. Countries are therefore adopting all manner of different policies to make agriculture sustainable, from regulations to paying for agri-environmental services. Every year, new laws, programs, and schemes are introduced all over the world while others are abolished, making it hard to keep track of developments. This is a problem for researchers and policy decision-makers alike: how are they to go about making comparisons? How can they tell which measures work in which circumstances? Together with colleagues at ETH Zurich, Professor David Wuepper from the Institute for Food and Resource Economics at the University of Bonn has now put together an extensive, easy-to-use database containing 6,124 policies from over 200 countries that were adopted between 1960 and 2022.

In their work, the team focused on measures that meet certain criteria: "First and foremost, the measure has to be relevant in some way to agriculture, such as land use, nitrogen fertilizers or pesticides. But forest conservation is included too, because it's linked to agriculture in many countries," explains Wuepper, who is also a member of the PhenoRob Cluster of Excellence at the University of Bonn. The measures also have to have national significance, meaning that they cannot be focused too strongly on the local level, for example. New thematic areas can be added to the database at any time. "We deliberately gave it a modular structure so we can keep on expanding it."

Old question meets new data

Wuepper and his co-authors were quick to use their database to shine new light on an old but contentious question: how does a country's economic development tie in with its adoption of agri-environmental policies? "You might expect higher-income countries to implement a larger number of eco-friendly measures because the environment is becoming increasingly important in relative terms on the policy front," Wuepper explains. And, thanks to his database, he has now been able to confirm that this is indeed the case. "We've shown that richer countries actually do introduce more measures, generally speaking." Here too, however, it is the exceptions that prove the rule. "This trend doesn't apply across the board. For instance, the Middle Eastern have relatively few agri-environmental policies in place given their income level. This demonstrates that countries need to make an active effort to implement sustainable policies and that it won't happen by itself." What these policies then actually achieve, however, is another question entirely. "But this is also something that can -- and should -- be investigated with the help of the database," Wuepper says, and in fact an initial analysis of this kind is included in the article that has been published.

National policies help fight the problem of soil erosion

The database helped Wuepper answer a question that had been on his mind for some time: in a previous research project at ETH Zurich, he had studied what impact countries have on soil erosion. "Comparing levels of soil erosion along national borders showed that countries exert significant influence," Wuepper reveals. "At the time, we were able to demonstrate a link to agriculture, and we also thought that national policies might be an influencing factor. However, we couldn't look into it because we didn't have the data on the countries' relevant policies to compare on a global scale." Armed with their new policy database, the researchers have now been able to investigate the extent to which this significant influence that countries exert on global erosion can be explained by their policies. They have found that national soil management policies account for at least 43 percent of a country's impact on soil erosion.

The database is accessible to the general public at https://zenodo.org/records/10842614
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Most new doctors face some form of sexual harassment, even after #MeToo | ScienceDaily
More than half of all new doctors face some form of sexual harassment in their first year on the job, including nearly three-quarters of all new female doctors and a third of males, a new study finds.


						
That's actually down somewhat from the percentage of new doctors who experienced the same five or six years before, according to the paper published in JAMA Health Forum by a team from the University of Michigan Medical School and Medical University of South Carolina.

And today's new doctors are more likely than their predecessors to recognize that what they experienced qualifies as harassment, whether it was gender-biased comments or jokes, persistent unwanted romantic overtures, or pressure to engage in sexual activity for job-related reasons.

But the new study and another paper published recently in JAMA Network Open suggest that medical schools and hospitals need to do more to educate about, and address, all forms of sexual harassment. Some institutions and specific medical specialties have more work to do than others, the research shows.

That's especially true for profession-related sexual coercion, which increased across the six years studied, though it was much rarer than gender-based verbal or work environment harassment.

In all, more than 5% of female first-year residents, also called interns, said in 2023 that they had been in a situation where they felt pressured to engage in a sexual activity in order to get favorable professional treatment. That was more than double the percentage who said so in 2017. The rate in men stayed the same, at less than 2%.

"The overall decrease in sexual harassment incidence over recent years suggests a move in the right direction, however rates of sexual harassment experienced by physician trainees are still alarmingly high," said Elena Frank, Ph.D., lead author of the new study and an assistant research scientist at the Michigan Neuroscience Institute.




The findings come from surveys of thousands of doctors who took part in the Intern Health Study, based at the institute. Each summer, the study enrolls thousands of recent medical school graduates who volunteer to take a variety of smartphone-based surveys and wear activity trackers for their entire intern year.

Recognizing harassment 

The new JAMA Health Forum study includes data from nearly 4,000 doctors who finished intern year in 2017, 2018 or 2023. In addition to being asked a general question about whether they had experienced sexual harassment, they were also asked whether and how often they had had specific experiences that qualify as gender-based harassment, unwanted sexual attention and sexual coercion.

That allowed the researchers to measure interns' recognition of what constitutes sexual harassment. To do so, they analyzed how many interns said they had had at least one of those specific experiences, and compared that with each person's answer on the general question of whether they'd experienced sexual harassment.

In all, 55% of the interns in the 2023 group had experienced at least one form of sexual harassment. But only about 18% of that group recognized that they had experienced sexual harassment, and there was a big gap between women and men in recognition.

Recognition of what constitutes sexual harassment has improved, the study shows; in 2017 less than 9% of those who had a sexual harassment experience recognized it as such. Recognition improved fivefold in surgical specialties.




"The persistent gap between the experience and recognition of sexual harassment identified in our study illustrates the importance of looking beyond policy compliance, to challenge the deeply entrenched cultural norms that have enabled sexual and gender-based harassment to continue largely unquestioned in medicine for so long," said Frank, who directs the Intern Health Study team. The society-wide #MeToo movement for sexual harassment awareness and prevention has likely made a difference too.

Variation in experiences

The team explored differences between types and locations of medical training in their JAMA Network Open paper, which is based on 2,000 interns who finished intern year at 28 institutions in 2017.

Interns training in surgery and emergency medicine were 20% more likely than those training in pediatrics or neurology to have experienced sexual harassment in 2017. And interns at some hospitals were 20% more likely to have experienced sexual harassment than those at hospitals with the lowest number of interns reporting any sexual harassment.

Elizabeth Viglianti, M.D., M.P.H., M.Sc., lead author of the JAMA Network Open study and an assistant professor of internal medicine at U-M, notes that the variation between specialties and institutions seen in the study she led suggests that residency programs and hospitals play a key role in combating harassment.

She notes that surgical training programs, which include general surgery and specialties that include surgical training such as gynecology, urology, otolaryngology, neurosurgery, plastic surgery and orthopedic surgery, have the most work to do.

"Until administrators, faculty, and trainees truly understand that sexual harassment is not and should not be an expected or accepted part of the training experience, an equitable and safe learning environment for physicians cannot be achieved," Frank said.

In addition to Frank and Viglianti, the authors of the two papers include Intern Health Study co-investigator Constance Guille, M.D., of the Medical University of South Carolina; Intern Health Study principal investigator Srijan Sen, M.D., Ph.D., who is also the director of the Eisenberg Family Depression Center and a professor of psychiatry and neuroscience at U-M; other U-M faculty Amy Bohnert, Ph.D., M.H.S., Andrea Oliverio, M.D., M.Sc., and Lisa Meeks, Ph.D. as well as Intern Health Study team members Zhuo Joan Zhao, M.S., Yu Fang, M.S.E., Jennifer Cleary, a doctoral student in psychology at U-M, and Karina Pereira-Lima, a Ph.D. student at the University of Sao Paolo.

The Intern Health Study is funded by the National Institute of Mental Health (MH101459). Additional NIH funding was also used for the two studies.
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Alaska Native tribes take lead on shellfish toxin testing where state falls short | ScienceDaily
A group of coastal Alaska Native tribes in 2016 began monitoring shellfish, a traditional harvest, for deadly biotoxins because the state only tests commercial harvests. The program fills an essential gap in public health protection and has found success, with 17 tribes now in the testing network. Securing stable, long-term funding and improving public outreach could improve outcomes even further, a new study reports.


						
Toxins from some types of algae blooms can accumulate in shellfish and, when consumed, cause paralytic shellfish poisoning (PSP). Even small quantities of the toxin can lead to death. Alaska tests commercially sold shellfish, and the state's Division of Environmental Health advises against eating shellfish harvested from beaches that have not been recently tested.

But because local community shellfish harvests are not for commercial sale, the shellfish can't be tested with the state. Coastal indigenous communities are at high risk of poisoning because many depend on traditional wild-harvested shellfish. Between 1993 and 2021, Alaska Natives suffered 53% of recorded PSP cases despite only making up 16% of Alaska's population.

In 2014, Alaska Native tribes founded the Southeast Alaska Tribal Ocean Research network (SEATOR), with early testing beginning in 2016. SEATOR's tribal partners regularly collect shellfish samples, encourage community members to collect and send in their own shellfish for testing, and share toxin data with communities to inform harvesting decisions. Seventeen tribal communities are now involved, increasing participation and risk awareness.

Even with this success, funding and community perceptions around risks limit how widespread and effective the toxin testing program can be, the study reports.

"Shellfish harvesting is central to coastal Alaska Native culture," said Hugh Roland, an environmental sociologist at the University of Alabama at Birmingham who led the study. "Filling this gap between commercial shellfish testing and community needs is critical, especially for rural communities that rely more heavily on shellfish. And to do that, we really need to understand how the testing network has been effective, as well as what has constrained testing efforts and capacities. Then we can address those barriers, and communities can continue their traditions safely."

The study was published in GeoHealth, which publishes research investigating the intersection of human and planetary health for a sustainable future.




In testing we trust?

To understand the barriers to the program's reach and effectiveness across Alaska and how it is perceived by communities, Roland and his collaborators interviewed 27 SEATOR staff who help manage testing, and they also interviewed other individuals with shellfish toxin expertise. They discussed several broad themes: community perceptions of toxin testing and the risks of shellfish harvesting; the status of toxin testing in those communities; and barriers to or facilitators of the actual toxin testing process.

Overall, the researchers found that communities with active toxin testing were very aware of shellfish poisoning, but reactions varied widely. Some people were less concerned, relying on personal experience with the safety of the traditional shellfish harvest. Others took the risk of PSP so seriously that they stopped harvesting shellfish altogether.

"It's about bringing both sides to the middle," said Jacob Kohlhoff, the environmental education coordinator for the Sitka Tribe. "We want to show that harvesting is good. We don't want to stop it. But we have to do it safely."

But successful risk communication relies on consistent, timely testing, which can be a problem. The program struggled with delays particularly during the height of the COVID-19 pandemic, with the testing facility closed between October 2021 and February 2023 and delays in testing until July 2023.

That halt in testing just a few years into the program damaged trust with communities, interviewees said. People don't want to keep shellfish in the freezer indefinitely while they're waiting for test results, especially if they're relying on it for food during lean winter months.




"Full-scale testing had just begun in late 2018 and was relatively new, so trust eroded pretty quickly," Kohlhoff said. It has been difficult to get people to buy back into the program when it seems like testing could stop again at any time, he said.

Climate change is further complicating risk communication, Roland said. As coastal waters warm and their nutrient fluxes change, harmful algae blooms -- the source of shellfish toxins -- are becoming more frequent and widespread, and they are occurring over a longer season. Historically, winter was a safe time to harvest, but "things are changing," one participant said. "We find paralytic shellfish toxins in our shellfish pretty much year-round at this point."

Room for improvement

The researchers found major barriers related to the communities' remoteness, which makes it more difficult to work and attract workers, and low and unreliable funding from grants.

The first issue is geographic: Many Southeast Alaska Native communities are deeply isolated and difficult to get to. There, the cost of living is high, and housing is limited and expensive. Those factors make carrying out sampling difficult, and it can be a tough sell for would-be staff members.

The second hurdle is financial. The toxin testing is funded by a series of grants, each supporting novel work and each lasting only a few years. However, more rural communities with fewer resources are less able to apply for these grants. The need to apply for new funding every few years also contributes to high staff turnover. SEATOR enables communities to better pool resources and apply for grants together, but applying still takes staff time and resources.

Despite these barriers, the toxin testing program has enabled small or remote tribes to take the safety of traditional harvests into their own hands when the state falls short. The network's success could serve as a model for other community-led environmental health efforts elsewhere, Roland said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240321155344.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A new way to quantify climate change impacts: 'Outdoor days' | ScienceDaily
For most people, reading about the difference between a global average temperature rise of 1.5 C versus 2 C doesn't conjure up a clear image of how their daily lives will actually be affected. So, researchers at MIT have come up with a different way of measuring and describing what global climate change patterns, in specific regions around the world, will mean for people's daily activities and their quality of life.


						
The new measure, called "outdoor days," describes the number of days per year that outdoor temperatures are neither too hot nor too cold for people to go about normal outdoor activities, whether work or leisure, in reasonable comfort. Describing the impact of rising temperatures in those terms reveals some significant global disparities, the researchers say.

The findings are described in a research paper written by MIT professor of civil and environmental engineering Elfatih Eltahir and postdocs Yeon-Woo Choi and Muhammad Khalifa, and published in the Journal of Climate.

Eltahir says he got the idea for this new system during his hourlong daily walks in the Boston area. "That's how I interface with the temperature every day," he says. He found that there have been more winter days recently when he could walk comfortably than in past years. Originally from Sudan, he says that when he returned there for visits, the opposite was the case: In winter, the weather tends to be relatively comfortable, but the number of these clement winter days has been declining. "There are fewer days that are really suitable for outdoor activity," Eltahir says.

Rather than predefine what constitutes an acceptable outdoor day, Eltahir and his co-authors created a website where users can set their own definition of the highest and lowest temperatures they consider comfortable for their outside activities, then click on a country within a world map, or a state within the U.S., and get a forecast of how the number of days meeting those criteria will change between now and the end of this century. The website is freely available for anyone to use.

"This is actually a new feature that's quite innovative," he says. "We don't tell people what an outdoor day should be; we let the user define an outdoor day. Hence, we invite them to participate in defining how future climate change will impact their quality of life, and hopefully, this will facilitate deeper understanding of how climate change will impact individuals directly."

After deciding that this was a way of looking at the issue of climate change that might be useful, Eltahir says, "we started looking at the data on this, and we made several discoveries that I think are pretty significant."

First of all, there will be winners and losers, and the losers tend to be concentrated in the global south. "In the North, in a place like Russia or Canada, you gain a significant number of outdoor days. And when you go south to places like Bangladesh or Sudan, it's bad news. You get significantly fewer outdoor days. It is very striking."




To derive the data, the software developed by the team uses all of the available climate models, about 50 of them, and provides output showing all of those projections on a single graph to make clear the range of possibilities, as well as the average forecast.

When we think of climate change, Eltahir says, we tend to look at maps that show that virtually everywhere, temperatures will rise. "But if you think in terms of outdoor days, you see that the world is not flat. The North is gaining; the South is losing."

While North-South disparity in exposure and vulnerability has been broadly recognized in the past, he says, this way of quantifying the effects on the hazard (change in weather patterns) helps to bring home how strong the uneven risks from climate change on quality of life will be. "When you look at places like Bangladesh, Colombia, Ivory Coast, Sudan, Indonesia -- they are all losing outdoor days."

The same kind of disparity shows up in Europe, he says. The effects are already being felt, and are showing up in travel patterns: "There is a shift to people spending time in northern European states. They go to Sweden and places like that instead of the Mediterranean, which is showing a significant drop," he says.

Placing this kind of detailed and localized information at people's fingertips, he says, "I think brings the issue of communication of climate change to a different level." With this tool, instead of looking at global averages, "we are saying according to your own definition of what a pleasant day is, [this is] how climate change is going to impact you, your activities."

And, he adds, "hopefully that will help society make decisions about what to do with this global challenge."

The project received support from the MIT Climate Grand Challenges project and the Abdul Latif Jameel Water and Food Systems Lab.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior
        Astronomers have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

      

      
        Robot, can you say 'cheese'?
        What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?

      

      
        A solar cell you can bend and soak in water
        Researchers have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.

      

      
        Rock-wallaby bite size 'packs a punch'
        Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives. Researchers made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

      

      
        Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries
        Researchers have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.

      

      
        Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks
        This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.

      

      
        Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole
        A new image from the Event Horizon Telescope (EHT) collaboration has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black hol...

      

      
        Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs'
        Researchers found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago.

      

      
        Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present
        In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations? Now, a new comparative study has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the ...

      

      
        Sleeping supermassive black holes awakened briefly by shredded stars
        Astronomers have concluded that an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, are not young as previously thought but rather lead relatively short lives.

      

      
        Researchers show that introduced tardigrade proteins can slow metabolism in human cells
        Tardigrade proteins are potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

      

      
        Beethoven's genes reveal low predisposition for beat synchronization
        Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a new study.

      

      
        Tiniest 'starquake' ever detected
        An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.

      

      
        Scientists on the hunt for evidence of quantum gravity's existence at the South Pole
        An Antarctic large-scale experiment is striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.

      

      
        Two coral snakes recorded battling for prey in a scientific first
        Two red-tailed coral snakes have been observed competing over a caecilian in the first documented wild case of kleptoparasitism within the family Elapidae.

      

      
        Uncovering the mystery of Dorset's Cerne Giant
        For centuries, the Cerne Giant, a figure carved into a hillside in Dorset, has fascinated locals and visitors to the area. A new paper proposes that the Cerne Giant can in fact be dated to the early Middle Ages, and, as a result, its cultural context and significance more clearly understood.

      

      
        Bees use antennae to decode hive mates' dances in the dark
        Scientists have discovered how honeybees can decipher dances by their hive mates that relay directions to food.

      

      
        The world is one step closer to secure quantum communication on a global scale
        Researchers have brought together two Nobel prize-winning research concepts to advance the field of quantum communication. Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

      

      
        A self-cleaning wall paint
        Beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the color changes and needs to be renewed. Now, special titanium oxide nanoparticles have been developed that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunligh...

      

      
        Astronomers discover 49 new galaxies in under three hours
        New work aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, they instead discovered other galaxies while inspecting the data. In total, the gas of 49 galaxies was detected.

      

      
        Wild bird gestures 'after you'
        A small-bird species, the Japanese tit (Parus minor), uses wing movements as a gesture to convey the message 'after you,' according to new research. When a mating pair arrives at their nest box with food, they will wait outside on perches. One will then often flutter its wings toward the other, apparently indicating for the latter to enter first. The researchers say that this discovery challenges the previous belief that gestural communication is prominent only in humans and great apes, significa...

      

      
        If faces look like demons, you could have this extraordinary condition
        Imagine if every time you saw a face, it appeared distorted. Well, for those who have a very rare condition known as prosopometamorphopsia (PMO), which causes facial features to appear distorted, that is reality. A new study reports on a unique case of a patient with PMO. The research is the first to provide accurate and photorealistic visualizations of the facial distortions experienced by an individual with PMO.

      

      
        James Webb Space Telescope captures the end of planet formation
        How much time do planets have to form from a swirling disk of gas and dust around a star? A new study gives scientists a better idea of how our own solar system came to be.

      

      
        Research uncovers a rare resin fossil find: A spider that aspires to be an ant
        Spiders that disguise themselves as ants live in many locations around the globe but until now most had been able to avoid detection from fossil researchers as well as predators.

      

      
        Signs of life would be detectable in single ice grain emitted from extraterrestrial moons
        Could life be found in frozen sea spray from moons orbiting Saturn or Jupiter? New research finds that life can be detected in a single ice grain containing one bacterial cell or portions of a cell. The results suggest that if life similar to that on Earth exists on these planetary bodies, that this life should be detectable by instruments launching in the fall.

      

      
        Tudor era horse cemetery in Westminster revealed as likely resting place for elite imported animals
        Archaeological analysis of a near unique animal cemetery discovered in London nearly 30 years ago has revealed there was an international horse trading network, orchestrated by the elites of late medieval and Tudor England, which brought superior physical specimens to the UK for jousting and for use as status symbols.

      

      
        Secrets of the Van Allen belt revealed in new study
        A challenge to space scientists to better understand our hazardous near-Earth space environment has been set in a new study.

      

      
        Researchers name prehistoric amphibian ancestor discovered in Smithsonian collection after Kermit the Frog
        Scientists have uncovered the fossilized skull of a 270-million-year-old ancient amphibian ancestor in the collection of the Smithsonian's National Museum of Natural History. The team of researchers described the fossil as a new species of proto-amphibian, which they named Kermitops gratus in honor of the iconic Muppet, Kermit the Frog.

      

      
        Heat to blame for space pebble demise
        The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the 'zodiacal light.' It was long thought that high-speed collisions pulverized the comet ejecta, but now a team of researchers reports that heat is to blame.

      

      
        Decoding the plant world's complex biochemical communication networks
        A research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells. Being rooted to the ground, plants can't run away from insects, pathogens or other threats to their survival. But plant scientists have long known that they do send warnings to each other via scent chemicals called volatile organic compounds.
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Persistent hiccups in a far-off galaxy draw astronomers to new black hole behavior | ScienceDaily
At the heart of a far-off galaxy, a supermassive black hole appears to have had a case of the hiccups.


						
Astronomers from MIT, Italy, the Czech Republic, and elsewhere have found that a previously quiet black hole, which sits at the center of a galaxy about 800 million light years away, has suddenly erupted, giving off plumes of gas every 8.5 days before settling back to its normal, quiet state.

The periodic hiccups are a new behavior that has not been observed in black holes until now. The scientists believe the most likely explanation for the outbursts stems from a second, smaller black hole that is zinging around the central, supermassive black hole and slinging material out from the larger black hole's disk of gas every 8.5 days.

The team's findings, which will be published in the journal Science Advances, challenge the conventional picture of black hole accretion disks, which scientists had assumed are relatively uniform disks of gas that rotate around a central black hole. The new results suggest that accretion disks may be more varied in their contents, possibly containing other black holes, and even entire stars.

"We thought we knew a lot about black holes, but this is telling us there are a lot more things they can do," says study author Dheeraj "DJ" Pasham, a research scientist in MIT's Kavli Institute for Astrophysics and Space Research. "We think there will be many more systems like this, and we just need to take more data to find them."

The study's MIT co-authors include postdoc Peter Kosec, graduate student Megan Masterson, Associate Professor Erin Kara, Principal Research Scientist Ronald Remillard, and former research scientist Michael Fausnaugh, along with collaborators from multiple institutions, including the Tor Vergata University of Rome, the Astronomical Institute of the Czech Academy of Sciences, and Masaryk University in the Czech Republic.

"Use it or lose it"

The team's findings grew out of an automated detection by ASAS-SN (the All Sky Automated Survey for SuperNovae), a network of 20 robotic telescopes situated in various locations across the northern and southern hemispheres. The telescopes automatically survey the entire sky once a day for signs of supernovae and other transient phenomena.




In December of 2020, the survey spotted a burst of light in a galaxy about 800 million light years away. That particular part of the sky had been relatively quiet and dark until the telescopes' detection, when the galaxy suddenly brightened by a factor of 1,000. Pasham, who happened to see the detection reported in a community alert, chose to focus in on the flare with NASA's NICER (the Neutron star Interior Composition Explorer), an X-ray telescope aboard the International Space Station that continuously monitors the sky for X-ray bursts that could signal activity from neutron stars, black holes, and other extreme gravitational phenomena. The timing was fortuitous, as it was getting toward the end of Pasham's year-long period during which he had permission to point, or "trigger" the telescope.

"It was either use it or lose it, and it turned out to be my luckiest break," he says.

He trained NICER to observe the far-off galaxy as it continued to flare. The outburst lasted for about four months before petering out. During that time, NICER took measurements of the galaxy's X-ray emissions on a daily, high-cadence basis. When Pasham looked closely at the data, he noticed a curious pattern within the four-month flare: subtle dips, in a very narrow band of X-rays, that seemed to reappear every 8.5 days.

It seemed that the galaxy's burst of energy periodically dipped every 8.5 days. The signal is similar to what astronomers see when an orbiting planet crosses in front of its host star, briefly blocking the star's light. But no star would be able to block a flare from an entire galaxy.

"I was scratching my head as to what this means because this pattern doesn't fit anything that we know about these systems," Pasham recalls.

Punch it

As he was looking for an explanation to the periodic dips, Pasham came across a recent paper by theoretical physicists in the Czech Republic. The theorists had separately worked out that it would be possible, in theory, for a galaxy's central supermassive black hole to host a second, much smaller black hole. That smaller black hole could orbit at an angle from its larger companion's accretion disk.




As the theorists proposed, the secondary would periodically punch through the primary black hole's disk as it orbits. In the process, it would release a plume of gas , like a bee flying through a cloud of pollen. Powerful magnetic fields, to the north and south of the black hole, could then slingshot the plume up and out of the disk. Each time the smaller black hole punches through the disk, it would eject another plume, in a regular, periodic pattern. If that plume happened to point in the direction of an observing telescope, it might observe the plume as a dip in the galaxy's overall energy, briefly blocking the disk's light every so often.

"I was super excited by this theory, and I immediately emailed them to say, 'I think we're observing exactly what your theory predicted,'" Pasham says.

He and the Czech scientists teamed up to test the idea, with simulations that incorporated NICER's observations of the original outburst, and the regular, 8.5-day dips. What they found supports the theory: The observed outburst was likely a signal of a second, smaller black hole, orbiting a central supermassive black hole, and periodically puncturing its disk.

Specifically, the team found that the galaxy was relatively quiet prior to the December 2020 detection. The team estimates the galaxy's central supermassive black hole is as massive as 50 million suns. Prior to the outburst, the black hole may have had a faint, diffuse accretion disk rotating around it, as a second, smaller black hole, measuring 100 to 10,000 solar masses, was orbiting in relative obscurity.

The researchers suspect that, in December 2020, a third object -- likely a nearby star -- swung too close to the system and was shredded to pieces by the supermassive black hole's immense gravity -- an event that astronomers know as a "tidal disruption event." The sudden influx of stellar material momentarily brightened the black hole's accretion disk as the star's debris swirled into the black hole. Over four months, the black hole feasted on the stellar debris as the second black hole continued orbiting. As it punched through the disk, it ejected a much larger plume than it normally would, which happened to eject straight out toward NICER's scope.

The team carried out numerous simulations to test the periodic dips. The most likely explanation, they conclude, is a new kind of David-and-Goliath system -- a tiny, intermediate-mass black hole, zipping around a supermassive black hole.

"This is a different beast," Pasham says. "It doesn't fit anything that we know about these systems. We're seeing evidence of objects going in and through the disk, at different angles, which challenges the traditional picture of a simple gaseous disk around black holes. We think there is a huge population of these systems out there."

"This is a brilliant example of how to use the debris from a disrupted star to illuminate the interior of a galactic nucleus which would otherwise remain dark. It is akin to using fluorescent dye to find a leak in a pipe," says Richard Saxton, an X-ray astronomer from the European Space Astronomy Centre (ESAC) in Madrid, Spain, who was not involved in the study. "This result shows that very close super-massive black hole binaries could be common in galactic nuclei, which is a very exciting development for future gravitational wave detectors."

This research was supported in part NASA.
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Robot, can you say 'cheese'? | ScienceDaily
What would you do if you walked up to a robot with a human-like head and it smiled at you first? You'd likely smile back and perhaps feel the two of you were genuinely interacting. But how does a robot know how to do this? Or a better question, how does it know to get you to smile back?


						
While we're getting accustomed to robots that are adept at verbal communication, thanks in part to advancements in large language models like ChatGPT, their nonverbal communication skills, especially facial expressions, have lagged far behind. Designing a robot that can not only make a wide range of facial expressions but also know when to use them has been a daunting task.

Tackling the challenge

The Creative Machines Lab at Columbia Engineering has been working on this challenge for more than five years. In a new study published today in Science Robotics, the group unveils Emo, a robot that anticipates facial expressions and executes them simultaneously with a human. It has even learned to predict a forthcoming smile about 840 milliseconds before the person smiles, and to co-express the smile simultaneously with the person.

The team, led by Hod Lipson, a leading researcher in the fields of artificial intelligence (AI) and robotics, faced two challenges: how to mechanically design an expressively versatile robotic face which involves complex hardware and actuation mechanisms, and knowing which expression to generate so that they appear natural, timely, and genuine. The team proposed training a robot to anticipate future facial expressions in humans and execute them simultaneously with a person. The timing of these expressions was critical -- delayed facial mimicry looks disingenuous, but facial co-expression feels more genuine since it requires correctly inferring the human's emotional state for timely execution.

How Emo connects with you

Emo is a human-like head with a face that is equipped with 26 actuators that enable a broad range of nuanced facial expressions. The head is covered with a soft silicone skin with a magnetic attachment system, allowing for easy customization and quick maintenance. For more lifelike interactions, the researchers integrated high-resolution cameras within the pupil of each eye, enabling Emo to make eye contact, crucial for nonverbal communication.




The team developed two AI models: one that predicts human facial expressions by analyzing subtle changes in the target face and another that generates motor commands using the corresponding facial expressions.

To train the robot how to make facial expressions, the researchers put Emo in front of the camera and let it do random movements. After a few hours, the robot learned the relationship between their facial expressions and the motor commands -- much the way humans practice facial expressions by looking in the mirror. This is what the team calls "self modeling" -- similar to our human ability to imagine what we look like when we make certain expressions.

Then the team ran videos of human facial expressions for Emo to observe them frame by frame. After training, which lasts a few hours, Emo could predict people's facial expressions by observing tiny changes in their faces as they begin to form an intent to smile.

"I think predicting human facial expressions accurately is a revolution in HRI. Traditionally, robots have not been designed to consider humans' expressions during interactions. Now, the robot can integrate human facial expressions as feedback," said the study's lead author Yuhang Hu, who is a PhD student at Columbia Engineering in Lipson's lab. "When a robot makes co-expressions with people in real-time, it not only improves the interaction quality but also helps in building trust between humans and robots. In the future, when interacting with a robot, it will observe and interpret your facial expressions, just like a real person."

What's next

The researchers are now working to integrate verbal communication, using a large language model like ChatGPT into Emo. As robots become more capable of behaving like humans, Lipson is well aware of the ethical considerations associated with this new technology.

"Although this capability heralds a plethora of positive applications, ranging from home assistants to educational aids, it is incumbent upon developers and users to exercise prudence and ethical considerations," says Lipson, James and Sally Scapa Professor of Innovation in the Department of Mechanical Engineering at Columbia Engineering, co-director of the Makerspace at Columbia, and a member of the Data Science Institute. "But it's also very exciting -- by advancing robots that can interpret and mimic human expressions accurately, we're moving closer to a future where robots can seamlessly integrate into our daily lives, offering companionship, assistance, and even empathy. Imagine a world where interacting with a robot feels as natural and comfortable as talking to a friend."
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A solar cell you can bend and soak in water | ScienceDaily
Researchers from the RIKEN Center for Emergent Matter Science and collaborators have developed an organic photovoltaic film that is both waterproof and flexible, allowing a solar cell to be put onto clothes and still function correctly after being rained on or even washed.


						
One of the potential uses of organic photovoltaics is to create wearable electronics -- devices that can be attached to clothing that can monitor medical devices, for example, without requiring battery changes. However, researchers have found it challenging to achieve waterproofing without the use of extra layers that end up decreasing the flexibility of the film.

Now, in work published in Nature Communications, a group of scientists have been able to do precisely that. They took on the challenge of overcoming a key limitation of previous devices, which is that it is difficult to make them waterproof without reducing the flexibility. Photovoltaic films are typically made of several layers. There is an active later, which captures energy of a certain wavelength from sunlight, and uses this energy to separate electrons and "electron holes" into a cathode and anode. The electrons and holes can then reconnect through a circuit, generating electricity. In previous devices, the layer transporting the electron holes was generally created sequentially by layering.

For the current work, however, the researchers deposited the anode layer, in this case a silver electrode, directly onto the active layers, creating better adhesion between the layers. They used a thermal annealing process, exposing the film to air at 85 degrees Celsius for 24 hours. According to Sixing Xiong, the first author of the paper, "It was challenging to form the layer, but we were happy to have accomplished it, and in the end were able to create a film that was just 3 micrometers thick, and we looked forward to seeing the results of tests."

What the group saw from the testing was very encouraging. First, they immersed the film completely in water for four hours and found that it still had 89 percent of its initial performance. They then subjected a film to stretching by 30 percent 300 times underwater, and found that even with that punishment, it retained 96 percent of its performance. As a final test, they ran it through a washing machine cycle, and it survived the ordeal, something that has never been achieved before.

According to Kenjiro Fukuda, one of the corresponding authors of the paper, "What we have created is a method that can be used more generally. Looking to the future, by improving the stability of devices in other areas, such as exposure to air, strong light, and mechanical stress, we plan to further develop our ultrathin organic solar cells so that they can be used for really practical wearable devices."

In addition to RKEN CEMS, members of the research group were from the University of Tokyo and the Huazhong University of Science and Technology in China.
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Rock-wallaby bite size 'packs a punch' | ScienceDaily
Australian rock-wallabies are 'little Napoleons' when it comes to compensating for small size, packing much more punch into their bite than larger relatives.


						
Researchers from Flinders University made the discovery while investigating how two dwarf species of rock-wallaby are able to feed themselves on the same kinds of foods as their much larger cousins.

Study leader Dr Rex Mitchell also coined the idea of 'Little Wallaby Syndrome' after examining the skulls of dwarf rock-wallabies to discover they can more than compensate for their size.

"We already knew that smaller animals have a harder time eating the same foods as larger ones, simply because their jaws are smaller. For example, a chihuahua wouldn't be able to chew on a big bone as easily as a German Shepherd," says Dr Mitchell, from the Morphological Evo-Devo Lab at Flinders University.

"If I were a vegetable, I would not mess with a pygmy rock-wallaby. They totally have 'Little Wallaby Syndrome'."

The new study, published today in the Royal Society's Biology Letters, delves deeper into the marsupials' superpowers.

Coauthor of the new study, Flinders University Associate Professor in Evolutionary Biology Vera Weisbecker, says some tiny species of rock-wallaby, such as the nabarlek, are able to eat similar foods as relatives that are eight times larger.




"We therefore suspected that something happened in the evolution of their jaws to allow them to stick to these diets," she says.

To investigate, the researchers scanned the skulls of nearly 400 rock-wallaby skulls, including all 17 species to compare the features of their skulls.

The results confirmed the team's suspicions. Aside from typical differences in brain and eye size that are usually seen between bigger and smaller animals, there were also differences in the features of the skull used for feeding.

Another co-author Dr Mark Eldridge, from the Australian Museum, adds: "We found clear indicators that both dwarf rock-wallabies have adaptations to harder biting: they had shorter, rounder snouts and teeth positioned at the back of the jaw where they are more effective at harder bites."

But the researchers also found some surprising differences in the teeth between the dwarfs and larger species. They found that some of the teeth of the dwarfs were much larger, for their size, than any of the bigger species.

"This makes sense, because many animals that need to bite harder into their foods tend to have bigger teeth for their size," Dr Mitchell says.




As well, dwarf wallabies had another surprise for the researchers: The two dwarf species had different teeth that were the biggest. One species has the biggest molars, while the other has the largest premolars.

These potentially indicate different adaptations to vegetation types. Larger premolars are better at slicing through leaves and twigs of shrubs, while larger molars are better for grinding up grass and other plants that are closer to the ground.

The species with the largest molars, the nabarlek, is the only species of marsupials known to continuously grow new molars throughout its life.

The findings show that dwarf species of rock-wallabies have skulls that are better at biting than larger species.

Dr Mitchell says the findings are important because the functional effects of skull size on skull shape are often ignored because differences in size are not generally considered to be related to feeding adaptations.

But the research team has shown that some differences in the skulls are related to how hard a skull can bite, and that smaller animals need to have harder-biting skulls than larger animals if they want to eat the same kinds of foods.
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Scientists extract genetic secrets from 4,000-year-old teeth to illuminate the impact of changing human diets over the centuries | ScienceDaily
Researchers at Trinity College Dublin have recovered remarkably preserved microbiomes from two teeth dating back 4,000 years, found in an Irish limestone cave. Genetic analyses of these microbiomes reveal major changes in the oral microenvironment from the Bronze Age to today. The teeth both belonged to the same male individual and also provided a snapshot of his oral health.


						
The study, carried out in collaboration with archaeologists from the Atlantic Technological University and University of Edinburgh, was published today in journal Molecular Biology and Evolution. The authors identified several bacteria linked to gum disease and provided the first high-quality ancient genome of Streptococcus mutans, the major culprit behind tooth decay.

While S. mutans is very common in modern mouths, it is exceptionally rare in the ancient genomic record. One reason for this may be the acid-producing nature of the species. This acid decays the tooth, but also destroys DNA and stops plaque from fossilising. While most ancient oral microbiomes are retrieved from fossilised plaque, this study targeted the tooth directly.

Another reason for the scarcity of S. mutans in ancient mouths may be the lack of favorable habitats for this sugar-loving species. An uptick of dental cavities is seen in the archaeological record after the adoption of cereal agriculture thousands of years ago, but a far more dramatic increase has occurred only in the past few hundred years when sugary foods were introduced to the masses.

The sampled teeth were part of a larger skeletal assemblage excavated from Killuragh Cave, County Limerick, by the late Peter Woodman of University College Cork. While other teeth in the cave showed advanced dental decay, no cavities were visible on the sampled teeth. However, one tooth produced an unprecedented amount of S. mutans DNA, a sign of an extreme imbalance in the oral microbial community.

"We were very surprised to see such a large abundance of S. mutans in this 4,000-year-old tooth," said Dr Lara Cassidy, an assistant professor in Trinity's School of Genetics and Microbiology, and senior author of the study. "It is a remarkably rare find and suggests this man was at a high risk of developing cavities right before his death."

The researchers also found that other streptococcal species were virtually absent from the tooth. This indicates the natural balance of the oral biofilm had been upset -- mutans had outcompeted the other streptococci leading to the pre-disease state.




The team also found evidence to support the "disappearing microbiome" hypothesis, which proposes modern microbiomes are less diverse than those of our ancestors. This is cause for concern, as biodiversity loss can impact human health. The two Bronze Age teeth produced highly divergent strains of Tannerella forsythia, a bacteria implicated in gum disease.

"These strains from a single ancient mouth were more genetically different from one another than any pair of modern strains in our dataset, despite the modern samples deriving from Europe, Japan and the USA," explained Iseult Jackson, a PhD candidate at Trinity, and first author of the study. "This represents a major loss in diversity and one that we need to understand better."

Very few full genomes from oral bacteria have been recovered prior to the Medieval era. By characterising prehistoric diversity, the authors were able to reveal dramatic changes in the oral microenvironment that have happened since.

Dr Cassidy added: "Over the last 750 years, a single lineage of T. forsythia has become dominant worldwide. This is the tell-tale sign of natural selection, where one strain rises rapidly in frequency due to some genetic advantage it holds over the others. T. forsythia strains from the industrial era onwards contain many new genes that help the bacteria colonise the mouth and cause disease.

"S. mutans has also undergone recent lineage expansions and changes in gene content related to pathogenicity. These coincide with humanity's mass consumption of sugar, although we did find that modern S. mutans populations have remained more diverse, with deep splits in the S. mutans evolutionary tree pre-dating the Killuragh genome."

The scientists believe this is driven by differences in the evolutionary mechanisms that shape genome diversity in these species.

"S. mutans is very adept at swapping genetic material between strains," said Dr Cassidy. "This means an advantageous innovation can be spread across S. mutans lineages like a new piece of tech. This ability to easily share innovations may explain why this species retains many diverse lineages without one becoming dominant and replacing all the others."

In effect, both these disease-causing bacteria have changed dramatically from the Bronze Age to today, but it appears that very recent cultural transitions in the industrial era have had an inordinate impact.
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Secrets of the naked mole-rat: new study reveals how their unique metabolism protects them from heart attacks | ScienceDaily
This unusual, subterranean mammal with extreme longevity shows genetic adaptations to low oxygen environments which could offer opportunities for advancing other areas of physiological and medical research in humans, including the development of novel therapeutic approaches.


						
New research from Queen Mary University of London led by Dr Dunja Aksentijevic in the Faculty of Medicine and Dentistry has revealed that that the genome of the naked mole-rat contains specific adaptations that allow them to survive in low-oxygen, and even no oxygen environments in their natural habitat. The findings also show the mammals' distinct cardiometabolic profile helps to avoid damage to their hearts caused by cardiovascular events.

Dr Aksentijevic led the team of scientists from London, Pretoria and Cambridge to sample heart tissue from the naked mole-rat and compared it to samples from other African mole-rat species (Cape, Cape dune, common, Natal, Mahali, highveld and Damaraland mole-rats), as well as evolutionarily divergent mammals (Hottentot golden mole and C57/BL6 mouse).

In this study, they found that the naked mole-rat has a unique expression of genes in heart cells controlling energy generation from sugars resulting in a metabolic profile that is distinct from any of the other mole-rats as well as the other species studied. These unique cardiac metabolic and genetic features of the naked mole-rat heart led to enhanced energy reserves even during blood occlusion and return of blood flow after in vitro simulated heart attack. Collectively, these adaptations result in the naked mole-rat 's tolerance to reduced oxygen and negligible damage to their heart tissue.

Dr Chris Faulkes, Reader (Associate Professor) in Evolutionary Ecology at Queen Mary and Lead Author, said: "Naked mole-rats live in a unique hypoxic and social environment, and we believe these factors have driven the evolution of special adaptations in their hearts that contribute to their exceptional longevity and health span,"

Dr Dunja Aksentijevic, Wellcome Trust Career Re-Entry Fellow, Reader (Associate Professor) in Cardiovascular Physiology and Metabolism at Queen Mary, said: "Unlike humans, who are prone to heart injury by hypoxia and anoxia caused by blood occlusion during heart attacks, NMR hearts have adapted to evade such damage. Thanks to our research, we are now able to understand the metabolic and genetic mechanisms underpinning this unique level of protection."
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Astronomers unveil strong magnetic fields spiraling at the edge of Milky Way's central black hole | ScienceDaily
A new image from the Event Horizon Telescope (EHT) collaboration -- which includes scientists from the Center for Astrophysics | Harvard & Smithsonian (CfA) -- has uncovered strong and organized magnetic fields spiraling from the edge of the supermassive black hole Sagittarius A* (Sgr A*). Seen in polarized light for the first time, this new view of the monster lurking at the heart of the Milky Way Galaxy has revealed a magnetic field structure strikingly similar to that of the black hole at the center of the M87 galaxy, suggesting that strong magnetic fields may be common to all black holes. This similarity also hints toward a hidden jet in Sgr A*. The results were published today in The Astrophysical Journal Letters.


						
Scientists unveiled the first image of Sgr A* -- which is approximately 27,000 light-years away from Earth -- in 2022, revealing that while the Milky Way's supermassive black hole is more than a thousand times smaller and less massive than M87's, it looks remarkably similar. This made scientists wonder whether the two shared common traits outside of their looks. To find out, the team decided to study Sgr A* in polarized light. Previous studies of light around M87* revealed that the magnetic fields around the black hole giant allowed it to launch powerful jets of material back into the surrounding environment. Building on this work, the new images have revealed that the same may be true for Sgr A*.

"What we're seeing now is that there are strong, twisted, and organized magnetic fields near the black hole at the center of the Milky Way galaxy," said Sara Issaoun, CfA NASA Hubble Fellowship Program Einstein Fellow, Smithsonian Astrophysical Observatory (SAO) astrophysicist, and co-lead of the project. "Along with Sgr A* having a strikingly similar polarization structure to that seen in the much larger and more powerful M87* black hole, we've learned that strong and ordered magnetic fields are critical to how black holes interact with the gas and matter around them."

Light is an oscillating, or moving, electromagnetic wave that allows us to see objects. Sometimes, light oscillates in a preferred orientation, and we call it "polarized." Although polarized light surrounds us, to human eyes it is indistinguishable from "normal" light. In the plasma around these black holes, particles whirling around magnetic field lines impart a polarization pattern perpendicular to the field. This allows astronomers to see in increasingly vivid detail what's happening in black hole regions and map their magnetic field lines.

"By imaging polarized light from hot glowing gas near black holes, we are directly inferring the structure and strength of the magnetic fields that thread the flow of gas and matter that the black hole feeds on and ejects," said Harvard Black Hole Initiative Fellow and project co-lead Angelo Ricarte. "Polarized light teaches us a lot more about the astrophysics, the properties of the gas, and mechanisms that take place as a black hole feeds."

But imaging black holes in polarized light isn't as easy as putting on a pair of polarized sunglasses, and this is particularly true of Sgr A*, which is changing so fast that it doesn't sit still for pictures. Imaging the supermassive black hole requires sophisticated tools above and beyond those previously used for capturing M87*, a much steadier target. CfA postdoctoral fellow and SAO astrophysicist Paul Tiede said, "It is exciting that we were able to make a polarized image of Sgr A* at all. The first image took months of extensive analysis to understand its dynamical nature and unveil its average structure. Making a polarized image adds on the challenge of the dynamics of the magnetic fields around the black hole. Our models often predicted highly turbulent magnetic fields, making it extremely difficult to construct a polarized image. Fortunately, our black hole is much calmer, making the first image possible."

Scientists are excited to have images of both supermassive black holes in polarized light because these images, and the data that come with them, provide new ways to compare and contrast black holes of different sizes and masses. As technology improves, the images are likely to reveal even more secrets of black holes and their similarities or differences.




Michi Baubock, postdoctoral researcher at the University of Illinois Urbana-Champaign, said, "M87* and Sgr A* are different in a few important ways: M87* is much bigger, and it's pulling in matter from its surroundings at a much faster rate. So, we might have expected that the magnetic fields also look very different. But in this case, they turned out to be quite similar, which may mean that this structure is common to all black holes. A better understanding of the magnetic fields near black holes helps us answer several open questions -- from how jets are formed and launched to what powers the bright flares we see in infrared and X-ray light."

The EHT has conducted several observations since 2017 and is scheduled to observe Sgr A* again in April 2024. Each year, the images improve as the EHT incorporates new telescopes, larger bandwidth, and new observing frequencies. Planned expansions for the next decade will enable high-fidelity movies of Sgr A*, may reveal a hidden jet, and could allow astronomers to observe similar polarization features in other black holes. Meanwhile, extending the EHT into space will provide sharper images of black holes than ever before.

The CfA is leading several major initiatives to sharply enhance the EHT over the next decade. The next-generation EHT (ngEHT) project is undertaking a transformative upgrade of the EHT, aiming to bring multiple new radio dishes online, enable simultaneous multi-color observations, and increase the overall sensitivity of the array. The ngEHT expansion will enable the array to make real-time movies of supermassive black holes on event horizon scales. These movies will resolve detailed structure and dynamics near the event horizon, bringing into focus "strong-field" gravity features predicted by General Relativity as well as the interplay of accretion and relativistic jet-launching that sculpts large-scale structures in the Universe. Meanwhile, the Black Hole Explorer (BHEX) mission concept will extend the EHT into space, producing the sharpest images in the history of astronomy. BHEX will enable the detection and imaging of the "photon ring" -- a sharp ring feature formed by strongly lensed emission around black holes. The properties of a black hole are imprinted on the size and shape of the photon ring, revealing masses and spins for dozens of black holes, in turn showing how these strange objects grow and interact with their host galaxies.

The individual telescopes involved in the EHT in April 2017, when the observations were conducted, were: the Atacama Large Millimeter/submillimeter Array (ALMA), the Atacama Pathfinder Experiment (APEX), the IRAM 30-meter Telescope, the James Clerk Maxwell Telescope (JCMT), the Large Millimeter Telescope Alfonso Serrano (LMT), the Submillimeter Array (SMA), the UArizona Submillimeter Telescope (SMT), the South Pole Telescope (SPT).

Since then, the EHT has added the Greenland Telescope (GLT), which is operated by ASIAA and the CfA, the NOrthern Extended Millimeter Array (NOEMA) and the UArizona 12-meter Telescope on Kitt Peak to its network.
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Distant 'space snowman' unlocks mystery of how some dormant deep space objects become 'ice bombs' | ScienceDaily
A new study is shaking up what scientists thought they knew about distant objects in the far reaches of the solar system, starting with an object called the space snowman.


						
Researchers from Brown University and the SETI Institute found that the double-lobed object, which is officially named Kuiper Belt Object 486958 Arrokoth and resembles a snowman, may have ancient ices stored deep within it from when the object first formed billions of years ago. But that's just the beginning of their findings.

Using a new model they developed to study how comets evolve, the researchers suggest this feat of perseverance isn't unique to Arrokoth but that many objects from the Kuiper Belt -- which lies at the outermost regions of the solar system and dates back to the early formation of the solar system around 4.6 billion years ago -- may also contain the ancient ices they formed with.

"We've shown here in our work, with a rather simple mathematical model, that you can keep these primitive ices locked deep within the interiors of these objects for really long times," said Sam Birch, a planetary scientist at Brown and one of the paper's co-authors. "Most of our community had thought that these ices should be long lost, but we think now that may not be the case."

Birch describes the work in the journal Icarus with co-author Orkan Umurhan, a senior research scientist at the SETI Institute.

Until now, scientists had a hard time figuring out what happens to ices on these space rocks over time. The study challenges widely used thermal evolutionary models that have failed to account for the longevity of ices that are as temperature sensitive as carbon monoxide. The model the researchers created for the study accounts for this change and suggests that the highly volatile ices in these objects stick around much longer than was previously thought.

"We are basically saying that Arrokoth is so super cold that for more ice to sublimate -- or go directly from solid to a gas, skipping the liquid phase within it -- that the gas it sublimates into first has to have travel outwards through its porous, sponge-like interior," Birch said. "The trick is that to move the gas, you also have to sublimate the ice, so what you get is a domino effect: it gets colder within Arrokoth, less ice sublimates, less gas moves, it gets even colder, and so on. Eventually, everything just effectively shuts off, and you're left with an object full of gas that is just slowly trickling out."

The work suggests that Kuiper Belt objects can act as dormant "ice bombs," preserving volatile gases within their interiors for billions of years until orbital shifts bring them closer to the sun and the heat makes them unstable. This new idea could help explain why these icy objects from the Kuiper Belt erupt so violently when they first get closer to the sun. All of a sudden, the cold gas inside them rapidly gets pressurized and these objects evolve into comets.




"The key thing is that we corrected a deep error in the physical model people had been assuming for decades for these very cold and old objects," said Umurhan, Birch's co-author on the paper. "This study could be the initial mover for reevaluating the comet interior evolution and activity theory."

Altogether, the study challenges existing predictions and opens up new avenues for understanding the nature of comets and their origins. Birch and Umurhan are co-investigators in NASA's Comet Astrobiology Exploration Sample Return (CAESAR) mission to acquire at least 80 grams of surface material from the comet 67P/Churyumov-Gerasimenko and return it to Earth for analysis.

The results from this study could help guide CAESAR's exploration and sampling strategies, helping to deepen our understanding of cometary evolution and activity.

"There may well be massive reservoirs of these primitive materials locked away in small bodies all across the outer solar system -- materials that are just waiting to erupt for us to observe them or sit in deep freeze until we can retrieve them and bring them home to Earth," Birch said.
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Milk on ice: Antarctic time capsule of whole milk powder sheds light on the enduring qualities--and evolution--of dairy products past and present | ScienceDaily
In a remarkable discovery, whole milk powder manufactured in New Zealand in 1907 and transported to Antarctica with explorers seeking the South Pole was unveiled after more than a century. The find has allowed dairy researchers to answer the question: Is the milk we enjoy today different from the milk consumed in previous generations?Now, a new comparative study in the Journal of Dairy Science, published by the American Dairy Science Association and Elsevier, has peered back in time to demonstrate that -- despite advancements in selective breeding and changes to farm practices -- milk of the past and milk today share more similarities than differences and are still crucial building blocks of human nutrition.


						
On New Year's Day in 1908, explorer Ernest Shackleton's British Antarctic Expedition aboard the ship Nimrod set sail from Lyttelton, New Zealand, on a quest to be the first to set foot on the South Pole. While the wharf was packed with well-wishers, the ship was packed with dairy: 1,000 pounds of dried whole milk powder, 192 pounds of butter, and two cases of cheese. Shackleton and his crew would make it farther south than anyone before them -- within 100 nautical miles of the Pole -- and leave behind their base camp.

A century later, one remaining container of Defiance brand whole milk powder was discovered during the Antarctic Heritage Trust restoration project, having been frozen at Shackelton's base camp for the past 100 years.

Lead investigator Skelte G. Anema, DPhil, principal research scientist with Fonterra Research and Development Centre in Palmerston North, New Zealand, explained the discovery's significance: "The Shackleton dried milk is possibly the best-preserved sample manufactured during the pioneering years of commercial milk powder production, and its discovery gives us a once-in-a-lifetime chance to understand the similarities and differences between a roller-dried milk powder manufactured over 100 years ago with modern spray-dried counterparts."

Dr. Anema noted, "Before we had vacuum-assisted evaporation, milk powders in the early twentieth century were manufactured by a roller-drying process involving boiling-hot milk being poured between two steam-heated revolving cylinders so that the water evaporated, leaving a thin sheet of dried milk that would have been milled and sieved."

We know these early milk powders weren't as sophisticated as they are today, but what other differences existed?

With the help of the Antarctic Heritage Trust, Dr. Anema and an interdisciplinary team of scientists with the Fonterra Research and Development Centre were able to study a few hundred grams of Defiance milk. They set out to compare it with two modern-day commercial, noninstantized spray-dried whole milk powder samples from Fonterra. Their analysis involved comparing the major component composition, major and trace mineral composition, protein composition, fatty acid composition, phospholipid composition microstructural properties, color analysis, and volatile component analysis of the different whole milk powder samples.




The results proved surprising and contrary to claims of changes in milk over time.

Dr. Anema elaborated, "Despite more than a century between the samples, the composition of bulk components and detailed protein, fat, and minor components have not changed drastically in the intervening years."

The fatty acid composition, phospholipid composition, and protein composition, including casein and whey protein genetic variations, were, in general, remarkably similar.

The major mineral components were also alike between samples, except for high levels of lead, tin, iron, and other trace minerals found in the Shackleton whole milk powder -- likely from the tin-plated can it was stored in and the equipment and water supply of the day.

Dr. Anema clarified, "These issues have been essentially eliminated from modern milk powders through the use of stainless steel and quality water services."

Another notable difference was the presence of oxidation-related volatile aroma compounds in the Shackleton samples.




Dr. Anema said, "Perhaps from less-than-ideal collection and storage of the raw milk before drying, but it's much more likely that -- even in frozen conditions -- being stored in an open tin for a century is going to result in continued oxidation."

Despite the remarkable similarities, the team was eager to point out that the modern spray-dried whole milk powders were substantially superior in terms of the powder quality -- particularly regarding appearance and their ability to be easily dissolved in water.

Overall, this Antarctic time capsule provides a rare and important glimpse into the evolution of dairy food production and highlights the improvements the dairy sector has made as well as its enduring influence.

Dr. Anema noted, "The Shackleton samples are a testament to the importance of dairy products -- which are rich in protein and energy as well as flexible enough to be powdered for easy transport, preparation, and consumption."

Whether at the turn of the twentieth century or today, these results underscore the fact that dairy products serve as an essential foundation for human nutrition -- fueling our discoveries past and present.
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Sleeping supermassive black holes awakened briefly by shredded stars | ScienceDaily
A new investigation into an obscure class of galaxies known as Compact Symmetric Objects, or CSOs, has revealed that these objects are not entirely what they seem. CSOs are active galaxies that host supermassive black holes at their cores. Out of these monstrous black holes spring two jets traveling in opposite directions at nearly the speed of light. But in comparison to other galaxies that boast fierce jets, these jets do not extend out to great distances -- they are much more compact. For many decades, astronomers suspected that CSOs were simply young and that their jets would eventually travel out to greater distances.


						
Now, reporting in three different papers in The Astrophysical Journal, a Caltech-led team of researchers has concluded that CSOs are not young but rather lead relatively short lives.

"These CSOs are not young," explains Anthony (Tony) Readhead, the Robinson Professor of Astronomy, Emeritus, who led the investigation. "You wouldn't call a 12-year-old dog young even though it has lived a shorter life than an adult human. These objects are a distinct species all of their own that live and die out in thousands of years rather than the millions of years that are common in galaxies with bigger jets."

In the new studies, the team reviewed literature and past observations of more than 3,000 CSO candidates, verifying 64 as real and identifying an additional 15 CSOs. All these objects had been previously observed by the National Radio Astronomy Observatory's Very Long Baseline Array (VLBA), funded by the National Science Foundation (NSF), and some had been observed by other high-resolution radio telescopes. "The VLBA observations are the most detailed in astronomy, providing images with details equivalent to measuring the width of a human hair at a distance of 100 miles," Readhead says.

The team's analysis concludes that CSOs expel jets for 5,000 years or less and then die out. "The CSO jets are very energetic jets but they seem to shut off," says Vikram Ravi, assistant professor of astronomy at Caltech and a co-author of one of the studies. "The jets stop flowing from the source."

As for what is fueling the short-lived jets, the scientists believe the cause is a tidal disruption event (TDE), which occurs when a single star wanders too close to a supermassive black hole and is devoured.

"We think that a single star gets ripped apart, and then all that energy is channeled into jets along the axis the black hole is spinning around," Readhead says. "The giant black hole starts out invisible to us, and then when it consumes a star, boom! The black hole has fuel, and we can see it."

Readhead first suspected that CSOs might be fueled by TDEs back in the 1990s, but he says the idea went largely unnoticed by the scientific community. "The hypothesis was all but forgotten because years went by before observational evidence began to mount for TDEs," he says. At the time of his original hypothesis, only three CSOs had been found.




Fast forward to 2020. Readhead, who had paused his studies of CSOs to delve into different problems in radio astronomy, decided it was time to revisit the topic. He gathered some of his colleagues together on Zoom, and they decided to comb through literature and weed out objects that had been misclassified as CSOs. Over the next two years, the team investigated more than 3,000 CSO candidates, narrowing the group down to only dozens that had the criteria to be real CSOs.

Ultimately, a picture began to emerge of CSOs as an entirely distinct family with jets that die out much sooner than their gigantic brethren, such as those of the extremely powerful Cygnus A, a galaxy that shoots out extremely powerful jets that glow brightly at radio wavelengths. These jets stretch to distances of about 230,000 light-years in each direction and last tens of millions of years. In contrast, the CSO jets extend to about 1,500 light-years at most and die out by about 5,000 years.

According to the astronomers, the CSO jets likely form when a supermassive black hole snacks on not just any star, but a substantial one.

"The TDEs we've previously seen only lasted for a few years," Ravi says. "We think that the remarkable TDEs powering CSOs last far longer because the disrupted stars are very large in size, very massive, or both."

By analyzing the varied collection of CSO radio images, the researchers say they can trace how the objects age over time, almost like looking at a photo album of a CSO's life to observe how its jets evolve. The younger CSOs have shorter jets that are closer to the black holes, while the older objects have jets that extend further out from their black hole. Though most of the jets die out, the scientists estimate that one in 100 will go onto to become long-lived like those of Cygnus A. In those rare cases, the galaxies are likely merging with other galaxies, a turbulent process that provides a large quantity of fuel.

If the discoveries of Readhead and his team are confirmed with additional observations, the CSOs will provide a whole new avenue for studying how massive stars at the centers of galaxies interact with supermassive black holes.

"These objects are indeed a distinct population with their own distinct origin, and it is up to us now to learn more about them and how they came to be," Readhead says. "Being able to study these objects on timescales of years to decades rather than millions of years has opened the door to a whole new laboratory for studying supermassive black holes and the many unexpected and unpredictable surprises they hold."
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Researchers show that introduced tardigrade proteins can slow metabolism in human cells | ScienceDaily
University of Wyoming researchers have gained further insight into how tardigrades survive extreme conditions and shown that proteins from the microscopic creatures expressed in human cells can slow down molecular processes.


						
This makes the tardigrade proteins potential candidates in technologies centered on slowing the aging process and in long-term storage of human cells.

The new study, published in the journal Protein Science, examines the mechanisms used by tardigrades to enter and exit from suspended animation when faced by environmental stress. Led by Senior Research Scientist Silvia Sanchez-Martinez in the lab of UW Department of Molecular Biology Assistant Professor Thomas Boothby, the research provides additional evidence that tardigrade proteins eventually could be used to make life-saving treatments available to people where refrigeration is not possible -- and enhance storage of cell-based therapies, such as stem cells.

Measuring less than half a millimeter long, tardigrades -- also known as water bears -- can survive being completely dried out; being frozen to just above absolute zero (about minus 458 degrees Fahrenheit, when all molecular motion stops); heated to more than 300 degrees Fahrenheit; irradiated several thousand times beyond what a human could withstand; and even survive the vacuum of outer space.

They survive by entering a state of suspended animation called biostasis, using proteins that form gels inside of cells and slow down life processes, according to the new UW-led research. Co-authors of the study are from institutions including the University of Bristol in the United Kingdom, Washington University in St. Louis, the University of California-Merced, the University of Bologna in Italy and the University of Amsterdam in the Netherlands.

Sanchez-Martinez, who came from the Howard Hughes Medical Institute to join Boothby's UW lab, was the lead author of the paper.

"Amazingly, when we introduce these proteins into human cells, they gel and slow down metabolism, just like in tardigrades," Sanchez-Martinez says. "Furthermore, just like tardigrades, when you put human cells that have these proteins into biostasis, they become more resistant to stresses, conferring some of the tardigrades' abilities to the human cells."

Importantly, the research shows that the whole process is reversible: "When the stress is relieved, the tardigrade gels dissolve, and the human cells return to their normal metabolism," Boothby says.




"Our findings provide an avenue for pursuing technologies centered on the induction of biostasis in cells and even whole organisms to slow aging and enhance storage and stability," the researchers concluded.

Previous research by Boothby's team showed that natural and engineered versions of tardigrade proteins can be used to stabilize an important pharmaceutical used to treat people with hemophilia and other conditions without the need for refrigeration.

Tardigrades' ability to survive being dried out has puzzled scientists, as the creatures do so in a manner that appears to differ from a number of other organisms with the ability to enter suspended animation.
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Beethoven's genes reveal low predisposition for beat synchronization | ScienceDaily
Ludwig van Beethoven, one of the most celebrated musicians in human history, has a rather low genetic predisposition for beat synchronization, according to a Current Biologystudy co-authored by Vanderbilt University Medical Center (VUMC) and theMax Planck Institutes for Empirical Aesthetics in Frankfurt am Main, Germany, and for Psycholinguistics in Nijmegen, the Netherlands.


						
The question of to what extent are exceptional human achievements influenced by genetic factors dates back to the early days of human genetics but seems to be easier to address today as modern molecular methods make it possible to analyze DNA of individuals throughout history.

An international team of researchers analyzed Beethoven's DNA to investigate his genetic musical predisposition, an ability closely related to musicality, by using sequences from a 2023 study in which the composer's genetic material was extracted from strands of his hair.

"For Beethoven, we used his recently sequenced DNA to calculate a polygenic score as an indicator for his genetic predisposition for beat synchronization," said Tara Henechowicz, B.Mus.Hons, M.A., a current PhD Candidate at the University of Toronto, recent visiting graduate student with the Vanderbilt Human Genetics Program, and the paper's second author.

"Interestingly, Beethoven, one of the most celebrated musicians in history, had an unremarkable polygenic score for general musicality compared to population samples from the Karolinska Institute in Sweden and Vanderbilt's BioVU Repository," she said.

The authors noted that it would be wrong to conclude from Beethoven's low polygenic score that his musical abilities were unexceptional.

"Our aim was to use this as an example of the challenges of making genetic predictions for an individual who lived over 200 years ago," Henechowicz said.




"The mismatch between the DNA-based prediction and Beethoven's musical genius provides a valuable teaching moment, because it demonstrates that DNA tests cannot give us a definitive answer about whether a given child will end up being musically gifted."

Henechowicz said the study does not discount that DNA contributes to people's musical skills, noting that prior studies have found an average heritability, which is the proportion of individual differences explained by all genetic factors, of 42% for musicality.

"In the current era of 'big data' such as Vanderbilt's BioVU repository, we have had the opportunity to look in fine detail at large groups of people to uncover the genetic underpinnings of traits such as rhythm ability or being musically active. The current study and other recent work also suggest that environment plays a key role in musical ability and engagement as well," said co-author Reyna Gordon, PhD, associate professor of Otolaryngology at VUMC and graduate co-advisor to Henechowicz.

"Polygenic scores are intended to work well for comparisons of large groups of people to tell us how genetic risk for one trait relates to the genetics involved in other traits," Henechowicz said.
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Tiniest 'starquake' ever detected | ScienceDaily
An orange dwarf star has yielded the tiniest 'starquakes' ever recorded, measured by an international team of scientists.


						
Named Epsilon Indi, the star is the smallest and coolest dwarf star yet observed with solar-like oscillations -- "starquakes" like those shown by the Sun. These oscillations provide indirect glimpses of stellar interiors -- just as earthquakes tell us about Earth's interior -- and so are important sources of information about the makeup of the star.

The measurements were taken by an international team, led by the Institute of Astrophysics and Space Sciences in Portugal, and including researchers from the University of Birmingham. The study is published in Astronomy and Astrophysics Letters.

The quakes were detected using a technique dubbed asteroseismology, which measures oscillations in stars. Using the ESPRESSO spectrograph, mounted at the European Southern Observatory's (ESO) Very Large Telescope (VLT), the team was able to record the oscillations with unprecedented precision.

Lead author Tiago Campante, of the Institute of Astrophysics and Space Sciences at the University of Porto, said: "The extreme precision level of these observations is an outstanding technological achievement. Importantly, this detection conclusively shows that precise asteroseismology is possible down to cool dwarfs with surface temperatures as low as 4200 degrees Celsius, about 1000 degrees cooler than the Sun's surface, effectively opening up a new domain in observational astrophysics."

Orange dwarf stars have recently become a focus in the search for habitable planets and extraterrestrial life. Professor Bill Chaplin, Head of the School of Physics & Astronomy at Birmingham, and a member of the team, said: "The mismatch between the predicted and observed sizes of these stars has implications for finding planets around them. If we use the most successful planet-finding technique -- the so-called transit method -- we get the size of the planet relative to the size of the star; if we don't size-up the star correctly, the same will be true of any small planet we have found." The detection of oscillations will help to understand and minimise these discrepancies, and improve the theoretical models of stars.

The detection of starquakes in Epsilon Indi will now inform plans to use the upcoming European Space Agency's (ESA) PLATO Mission, scheduled to be launched in 2026, to detect oscillations in many more orange dwarfs. PLATO will also be searching for planets around these stars. Birmingham has responsibility for the design and delivery of much of the asteroseismology pipeline for PLATO, the results of which will be used by thousands of researchers around the world.
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Scientists on the hunt for evidence of quantum gravity's existence at the South Pole | ScienceDaily
University of Copenhagen team contributes to an Antarctic large-scale experiment striving to find out if gravity also exists at the quantum level. An extraordinary particle able to travel undisturbed through space seems to hold the answer.


						
Several thousand sensors distributed over a square kilometer near the South Pole are tasked with answering one of the large outstanding questions in physics: does quantum gravity exist? The sensors monitor neutrinos -- particles with no electrical charge and almost without mass -- arriving at the Earth from outer space. A team from the Niels Bohr Institute (NBI), University of Copenhagen, have contributed to developing the method which exploits neutrino data to reveal if quantum gravity exists.

"If as we believe, quantum gravity does indeed exist, this will contribute to unite the current two worlds in physics. Today, classical physics describes the phenomena in our normal surroundings such as gravity, while the atomic world can only be described using quantum mechanics. The unification of quantum theory and gravitation remains one of the most outstanding challenges in fundamental physics. It would be very satisfying if we could contribute to that end," says Tom Stuttard, Assistant Professor at NBI.

Tom Stuttard is co-author of a scientific article recently published by the journal Nature Physics. The article presents results from a large study by the NBI team and American colleagues. More than 300,000 neutrinos have been studied. However, these are not neutrinos of the most interesting type originating from sources in deep space. The neutrinos in this study were created in the Earth's atmosphere, as high-energy particles from space collided with Nitrogen or other molecules.

"Looking at neutrinos originating from the Earth's atmosphere has the practical advantage that they are by far more common than their siblings from outer space. We needed data from many neutrinos to validate our methodology. This has been accomplished now. Thus, we are ready to enter the next phase in which we will study neutrinos from deep space," says Tom Stuttard.

Travelling undisturbed through the Earth

The IceCube Neutrino Observatory is situated next to the Amundsen-Scott South Pole Station in Antarctica. In contrast to most other astronomy and astrophysics facilities, IceCube works the best for observing space at the opposite side of the Earth, meaning the Northern hemisphere. This is because while the neutrino is perfectly capable of penetrating our planet -- and even its hot, dense core -- other particles will be stopped, and the signal is thus much cleaner for neutrinos coming from the Northern hemisphere.




The IceCube facility is operated by the University of Wisconsin-Madison, USA. More than 300 scientists from countries around the world are engaged in the IceCube collaboration. University of Copenhagen is one of more than 50 universities having an IceCube center for neutrino studies.

Since the neutrino has no electrical charge and is nearly massless, it is undisturbed by electromagnetic and strong nuclear forces, allowing it to travel billions of lightyears through the Universe in its original state.

The key question is whether the properties of the neutrino are in fact completely unchanged as it travels over large distances or if tiny changes are notable after all.

"If the neutrino undergoes the subtle changes that we suspect, this would be the first strong evidence of quantum gravity," says Tom Stuttard.

The neutrino comes in three flavors

To understand which changes in neutrino properties the team is looking for, some background information is called for. While we refer to it as a particle, what we observe as a neutrino is really three particles produced together, known in quantum mechanics as superposition. The neutrino can have three fundamental configurations -- flavors as they are termed by the physicists -- which are electron, muon, and tau. Which of these configurations we observe changes as the neutrino travels, a truly strange phenomenon known as neutrino oscillations. This quantum behavior is maintained over thousands of kilometers or more, which is referred to as quantum coherence.




"In most experiments, the coherence is soon broken. But this is not believed to be caused by quantum gravity. It is just very difficult to create perfect conditions in a lab. You want perfect vacuum, but somehow a few molecules manage to sneak in etc. In contrast, neutrinos are special in that they are simply not affected by matter around them, so we know that if coherence is broken it will not be due to shortcomings in the human-made experimental setup," Tom Stuttard explains.

Many colleagues were sceptical

Asked whether the results of the study published in Nature Physics were as expected, the researcher replies:

"We find ourselves in a rare category of science projects, namely experiments for which no established theoretical framework exists. Thus, we just did not know what to expect. However, we knew that we could search for some of the general properties we might expect a quantum theory of gravity to have."

"Whilst we did have hopes of seeing changes related to quantum gravity, the fact that we didn't see them does not exclude at all that they are real. When an atmospheric neutrino is detected at the Antarctic facility, it will typically have travelled through the Earth. Meaning approximately 12,700 km -- a very short distance compared to neutrinos originating in the distant Universe. Apparently, a much longer distance is needed for quantum gravity to make an impact, if it exists," says Tom Stuttard, noting that the top goal of the study was to establish the methodology:

"For years, many physicists doubted whether experiments could ever hope to test quantum gravity. Our analysis shows that it is indeed possible, and with future measurements with astrophysical neutrinos, as well as more precise detectors being built in the coming decade, we hope to finally answer this fundamental question."
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Two coral snakes recorded battling for prey in a scientific first | ScienceDaily
Two red-tailed coral snakes have been observed competing over a caecilian in the first documented wild case of kleptoparasitism within the family Elapidae.


						
Kleptoparasitism, or food theft, is a well-documented behaviour in many animal species but is seldom reported among snakes in natural habitats.

The observation, detailed in a recent study published in the open-access journal Herpetozoa by Henrik Bringsoe and Niels Poul Dreyer, showcases the two Micrurus mipartitus snakes engaging in a tug-of-war over the limbless amphibian.

Elapid snakes are venomous and among the deadliest serpents in the world. There are more than 400 species comprising a very diverse group of snakes such as mambas, cobras, kraits, taipans, tiger snakes, death adders, sea snakes and coral snakes.

The battle occurred in the dense rainforests of Valle del Cauca, western Colombia. Surprisingly, in the tussle, one snake also bit the body of the other. However, the researchers suggest this was likely accidental.

After 17 minutes of observation, the losing coral snake released its bite-hold on the caecilian. The winner then moved away from the losing snake which did not follow.

The study suggests that while such behaviours may be more common in captivity due to controlled environments, their occurrence in nature has been largely underreported, likely due to the elusive nature of these reptiles and the challenges of observing them in their natural habitats.

"Snakes in captivity do that often when only one prey is offered in a terrarium with two or more snakes. But it is rather surprising that it has not been observed more frequently in the wild," says lead author Henrik Bringsoe.

This case sheds light on the coral snake interactions with prey species. Caecilians, such as the one in this study, have shown remarkable adaptations such as toxin resistance and increased mucus production.
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Uncovering the mystery of Dorset's Cerne Giant | ScienceDaily
For centuries, the Cerne Giant, a figure carved into a hillside in Dorset depicting a nude man carrying a club and stretching some 180 feet high, has fascinated locals and visitors to the area. The history of the giant, however, and in particular, its age, has long been a mystery. A new paper in Speculum: A Journal of Medieval Studies proposes that the Cerne Giant can in fact be dated to the early Middle Ages, and, as a result, its cultural context and significance more clearly understood.


						
"The Cerne Giant in its Early Medieval Context," by authors Thomas Morcom and Helen Gittos, acknowledges that previous attempts to date the giant placed its creation either sometime in prehistory or in the early modern period. Using a technique called optically stimulated luminescence, researchers for the National Trust theorize that the hillside monument was actually constructed in the period between 700 and 1100 A.D, and potentially used as a mustering site for West Saxon armies.

This dating breakthrough also sheds new light on various historical interpretations of the Cerne Giant's identity. Many scholars had posited that the giant was modeled on the myth of Hercules, and although, as the authors write, "[a]t first glance, an early medieval date seems odd for a figure which looks like the classical god Hercules," there was in fact a swell of interest in the Greek hero during the ninth century, lending credence to this hypothesis.

Another popular theory regarding the inspiration for the giant was its basis on a Saint Eadwold. The authors propose that the residents of a Benedictine monastery, built in Cerne in the late tenth century, actively propagated this idea, redirecting interest in the giant away from Greek affiliations and towards Christian ones.

One final persona bestowed upon the giant was that of a pagan god called Helith. The authors of the Speculum paper write that this identification was a mistaken one, the result of a misreading, in the thirteenth century, of an account of the giant written in Latin.

The new findings concerning the Cerne Giant's age and history make greater sense of this string of theories regarding its identity. Ultimately, as the authors write, this complicated biography is all "part of the history of the giant and what continues to attract so many people to him."
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Bees use antennae to decode hive mates' dances in the dark | ScienceDaily
Scientists have discovered how honeybees can decipher dances by their hive mates that relay directions to food.


						
The findings reveal how, in the complete darkness of the hive, each bee uses its antennae to help interpret the information communicated through the dances.

It has been known for decades that honeybees do so-called waggle dances, in which their movements and orientation on the honeycomb signal the direction and distance to food outside the hive. However, until now, it was unclear how the bees gathered around a waggle dancer make sense of the information.

Gaining greater insights into how bees communicate could help scientists to better understand the effects of issues such as habitat loss and pesticide use on the insects' ability to find food, researchers say.

A team from the University of Edinburgh made the discovery by studying a colony of honeybees at an apiary at the University and using computational models to mimic their brain processes.

Researchers from the University's School of Informatics filmed the insects in slow motion and high resolution under infrared light. This enabled them to track the position of the antennae of the surrounding bees in fine detail during each waggle dance -- which are otherwise a blur to the naked human eye.

The researchers observed that bees alter the position of their antennae, which are touched repeatedly by the dancer as it waggles by, based on the angle of their body relative to the dancer.




The team realised that the bees could decode dances from any angle, or even from constantly changing positions, by combining signals picked up by their antennae with their own sense of gravity. However, this requires the bee to accurately add together the two angles detected from its two sensory systems.

Using a computer model that replicates known brain circuits in the bee, the researchers showed that fewer than one hundred neurons are needed to integrate this information and recover the angle and the distance to the food being signalled in a waggle dance.

The findings are published in the journal Current Biology. The study was supported by the European Research Council, the Janet Foreman Fund and the Eva Crane Trust.

PhD student Anna Hadjitofi, of the University of Edinburgh's School of Informatics, said: "This is particularly exciting because it unveils a remarkably elegant neural mechanism employed by bees to decipher complex information with minimal resources."

Professor Barbara Webb, also of the University's School of Informatics, added: "Understanding how the small brains of insects carry out such sophisticated calculations can help us design more compact and energy efficient computers."
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The world is one step closer to secure quantum communication on a global scale | ScienceDaily
Researchers at the University of Waterloo's Institute for Quantum Computing (IQC) have brought together two Nobel prize-winning research concepts to advance the field of quantum communication.


						
Scientists can now efficiently produce nearly perfect entangled photon pairs from quantum dot sources.

Entangled photons are particles of light that remain connected, even across large distances, and the 2022 Nobel Prize in Physics recognized experiments on this topic. Combining entanglement with quantum dots, a technology recognized with the Nobel Prize in Chemistry in 2023, the IQC research team aimed to optimize the process for creating entangled photons, which have a wide variety of applications, including secure communications.

"The combination of a high degree of entanglement and high efficiency is needed for exciting applications such as quantum key distribution or quantum repeaters, which are envisioned to extend the distance of secure quantum communication to a global scale or link remote quantum computers," said Dr. Michael Reimer, professor at IQC and Waterloo's Department of Electrical and Computer Engineering. "Previous experiments only measured either near-perfect entanglement or high efficiency, but we're the first to achieve both requirements with a quantum dot."

By embedding semiconductor quantum dots into a nanowire, the researchers created a source that creates near-perfect entangled photons 65 times more efficiently than previous work. This new source, developed in collaboration with the National Research Council of Canada in Ottawa, can be excited with lasers to generate entangled pairs on command. The researchers then used high-resolution single photon detectors provided by Single Quantum in The Netherlands to boost the degree of entanglement.

"Historically, quantum dot systems were plagued with a problem called fine structure splitting, which causes an entangled state to oscillate over time. This meant that measurements taken with a slow detection system would prevent the entanglement from being measured," said Matteo Pennacchietti, a PhD student at IQC and Waterloo's Department of Electrical and Computer Engineering. "We overcame this by combining our quantum dots with a very fast and precise detection system. We can basically take a timestamp of what the entangled state looks like at each point during the oscillations, and that's where we have the perfect entanglement."

To showcase future communications applications, Reimer and Pennacchietti worked with Dr. Norbert Lutkenhaus and Dr. Thomas Jennewein, both IQC faculty members and professors in Waterloo's Department of Physics and Astronomy, and their teams. Using their new quantum dot entanglement source, the researchers simulated a secure communications method known as quantum key distribution, proving that the quantum dot source holds significant promise in the future of secure quantum communications.
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A self-cleaning wall paint | ScienceDaily
Typically, beautiful white wall paint does not stay beautiful and white forever. Often, various substances from the air accumulate on its surface. This can be a desired effect because it makes the air cleaner for a while -- but over time, the colour changes and needs to be renewed.


						
A research team from TU Wien and the Universita Politecnica delle Marche (Italy) has now succeeded in developing special titanium oxide nanoparticles that can be added to ordinary, commercially available wall paint to establish self-cleaning power: The nanoparticles are photocatalytically active, they can use sunlight not only to bind substances from the air, but also to decompose them afterwards. The wall makes the air cleaner -- and cleans itself at the same time. Waste was used as the raw material for the new wall paint: metal scrap, which would otherwise have to be discarded, and dried fallen leaves.

Modified titanium oxide in the wall paint

A wide variety of pollutants occur in indoor air -- from residues of cleaning agents and hygiene products to molecules that are produced during cooking or that are emitted by materials such as leather. In some cases, this can lead to health issues, which is then referred to as "sick building syndrome."

"For years, people have been trying to use customized wall paints to clean the air," says Prof. Gunther Rupprechter from the Institute of Materials Chemistry at TU Wien. "Titanium oxide nanoparticles are particularly interesting in this context. They can bind and break down a wide range of pollutants."

However, simply adding ordinary titanium oxide nanoparticles to the paint will affect the durability of the paint: just as pollutants are degraded by the nanoparticles, they can also make the paint itself unstable and create cracks. In the worst case, volatile organic compounds can even be released, which in turn can be harmful to health. After a certain time, the paint layer becomes gray and tinted, finally it has to be renewed.

Self-cleaning by light

However, the nanoparticles can clean themselves if they are irradiated with UV light. Titanium oxide is a so-called photocatalyst -- a material that enables chemical reactions when exposed to suitable light. The UV radiation creates free charge carriers in the particles, which induce decomposition of the trapped pollutants from air into small parts and their release. In this way, the pollutants are rendered harmless, but do not remain permanently attached to the wall paint. The wall colour remains stable in the long term.




In practice, however, this is of little use -- after all, it would be tedious to repeatedly irradiate the wall with intense UV light in order to drive the self-cleaning process. "Our goal was therefore to modify these particles in such a way that the photocatalytic effect can also be induced by ordinary sunlight," explains Gunther Rupprechter.

This is achieved by adding certain additional atoms to the titanium oxide nanoparticles, such as phosphorus, nitrogen, and carbon. As a result, the light frequencies that can be harvested by the particles change, and instead of just UV light, photocatalysis is then also triggered by ordinary visible light.

96% pollutant removal

"We have now investigated this phenomenon in great detail using a variety of different surface and nanoparticle analysis methods," says Qaisar Maqbool, the first author of the study. "In this way, we were able to show exactly how these particles behave, before and after they were added to the wall paint."

The research team mixed the modified titanium oxide nanoparticles with ordinary, commercially available wall paint and rinsed a painted surface with a solution containing pollutants. Subsequently, 96% of the pollutants could be degraded by natural sunlight. The colour itself does not change -- because the pollutants are not only bound, but also broken down with the help of sunlight.

Waste as a raw material

For the commercial success of such paints, it is also important to avoid expensive raw materials . "In catalysis, for example, precious metals such as platinum or gold are used. In our case, however, elements that are readily available from everywhere are sufficient: To obtain phosphorus, nitrogen and carbon, we have used dried fallen leaves from olive trees, and the titanium for the titanium oxide nanoparticles was obtained from metal waste, which is normally simply thrown away," says Gunther Rupprechter.

This new type of wall paint combines several advantages at the same time: it removes pollutants from the air, it lasts longer than other paints -- and it is even more resource-saving in production as it can be obtained from recycled materials. Further experiments are being carried out, and commercialisation of the wall paint is intended.
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Astronomers discover 49 new galaxies in under three hours | ScienceDaily
A team of international astronomers have discovered 49 new gas-rich galaxies using the MeerKAT radio telescope in South Africa from observations that were not even three hours long and were made possible by IDIA (Inter-University Institute of Data Intensive Astronomy).


						
Dr. Marcin Glowacki, from the Curtin University node of the International Centre for Radio Astronomy Research (ICRAR) in Western Australia, led the research, which aimed to study the star-forming gas in a single radio galaxy. Although the team didn't find any star-forming gas in the galaxy they were studying, Dr. Glowacki instead discovered other galaxies while inspecting the data.

In total, the gas of 49 galaxies was detected. Dr Glowacki said this was a great example of how fantastic an instrument like MeerKAT is for finding the star-forming gas in galaxies.

"I did not expect to find almost fifty new galaxies in such a short time," he said. "By implementing different techniques for finding galaxies, which are used for other MeerKAT surveys, we were able to detect all of these galaxies and reveal their gas content."

The new galaxies have been informally nicknamed the 49ers -- a reference to the 1849 California gold rush miners. Dr Glowacki views the 49 new galaxies as valuable as gold nuggets in our night sky. Many galaxies are near each other, forming galaxy groups, with several identified in one observation.

Three galaxies, in particular, are directly connected by their gas.

Dr Glowacki said, "These three are particularly interesting, as by studying the galaxies at other wavelengths of light, we discovered the central galaxy is forming many stars. It is likely stealing the gas from its companion galaxies to fuel its star formation, which may lead the other two to become inactive."

Professor Ed Elson, from the University of the Western Cape and a co-author of the paper, said, "This discovery highlights the raw power of the MeerKAT telescope as an imaging instrument. The methods we developed and implemented to study the 49ers will be useful for MeerKAT large science surveys, and smaller observing campaigns such as ours."

The discovery was no accident. Recently, an ICRAR summer student, Jasmine White, working with Dr Glowacki, helped find even more gas-rich galaxies in other short observations made by MeerKAT.

"We hope to continue our studies and share even more discoveries of new gas-rich galaxies with the wider community soon," Dr Glowacki said.
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Wild bird gestures 'after you' | ScienceDaily

A thumbs up, waving goodbye or pointing out a book on a shelf. These gestures and many more are an integral part of how we communicate. Such gestures were once thought to be used exclusively by humans, until closer observations of great apes, such as chimpanzees and bonobos, revealed that they too move their bodies to communicate nonverbally. In more recent years, studies on other animals, such as ravens and fish, have shown that they also use some simple gestures to, for example, point out objects or show something of interest, called deictic gesturing. However, symbolic gestures, such as showing an open hand to signal "after you," require complex cognitive skills, and there was no conclusive evidence supporting the existence of such abilities in animals other than humans.

Researchers at the University of Tokyo were therefore surprised to find clear evidence of symbolic gesture use by a small wild bird, the Japanese tit. "In our latest discovery, we revealed that the Japanese tit uses gestures to communicate with their mate," said Associate Professor Toshitaka Suzuki from the University of Tokyo. "For over 17 years, I have been engaged in the study of these fascinating birds. They not only use specific calls to convey particular meanings, but also combine different calls into phrases using syntactic rules. These diverse vocalizations led me to initiate this research into their potential use of physical gestures."

In spring, Japanese tits form mating pairs and build their nest inside a tree cavity with a small entrance. Suzuki and his co-researcher, Norimasa Sugita, also from the University of Tokyo, observed the behavior of 16 parent birds (eight pairs) breeding in nest boxes. When feeding their nestlings, the birds enter the nest one at a time. The researchers noticed that when carrying food back to the nest, the birds would often find a perch nearby first and then one would flutter their wings toward the other. By analyzing over 320 nest visitations in detail, the researchers saw that the wing-fluttering display prompted the mate who was being fluttered at to enter the nest box first, while the one who fluttered entered second, determining the order of nest entry and mirroring the "after you" gesture observed in human communication.

"We were surprised to find that the results were much clearer than we had expected. We observed that Japanese tits flutter their wings exclusively in the presence of their mate, and upon witnessing this behavior, the mate almost always entered the nest box first," explained Suzuki. The gesture was performed more often by the female birds, after which the male usually entered the nest box, regardless of which had arrived first. If the female didn't flutter her wings, then she usually entered the nest box before the male.

The researchers believe this behavior fulfills the criteria to be classified as a symbolic gesture because it only occurred in the presence of a mate, it stopped after the mate entered the nest box and it encouraged the mate to enter the nest box without any physical contact. They also noted that the wing-fluttering "after-you" gesture was aimed at the mate and not the nest box, meaning that it wasn't being used as a deictic gesture to indicate the position of something of interest.

"There is a hypothesis that walking on two legs allowed humans to maintain an upright posture, freeing up their hands for greater mobility, which in turn contributed to the evolution of gestures. Similarly, when birds perch on branches, their wings become free, which we think may facilitate the development of gestural communication," said Suzuki. "We will continue to decipher what birds are talking about through gestures, vocalizations and their combinations. This endeavor not only enables us to uncover the rich world of animal languages, but also serves as a crucial key to unraveling the origins and evolution of our own language."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240325112940.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



If faces look like demons, you could have this extraordinary condition | ScienceDaily
Imagine if every time you saw a face, it appeared distorted. Well, for those who have a very rare condition known as prosopometamorphopsia (PMO), which causes facial features to appear distorted, that is reality.


						
As the Dartmouth-based website about prosopometamorphopsia explains, "'Prosopo' comes from the Greek word for face 'prosopon' while 'metamorphopsia' refers to perceptual distortions.''' Specific symptoms vary from case to case and can affect the shape, size, color, and position of facial features. The duration of PMO also varies; it "can last for days, weeks, or even years."

A new Dartmouth study published in the "Clinical Pictures" section of The Lancet reports on a unique case of a patient with PMO. The research is the first to provide accurate and photorealistic visualizations of the facial distortions experienced by an individual with PMO.

The patient, a 58-year-old male with PMO, sees faces without any distortions when they are viewed on a screen and on paper, but he sees distorted faces that appear "demonic" when viewed in-person. Most PMO cases however, see distortions in all contexts, so his case is especially rare and presented a unique opportunity to accurately depict his distortions.

For the study, the researchers took a photograph of a person's face. Then, they showed the patient the photograph on a computer screen while he looked at the real face of the same person. The researchers obtained real-time feedback from the patient on how the face on the screen and the real face in front of him differed, as they modified the photograph using computer software to match the distortions perceived by the patient.

"In other studies of the condition, patients with PMO are unable to assess how accurately a visualization of their distortions represents what they see because the visualization itself also depicts a face, so the patients will perceive distortions on it too," says lead author Antonio Mello, a PhD student in the Department of Psychological and Brain Sciences at Dartmouth. In contrast, this patient doesn't see distortions on a screen. This means that the researchers were able to modify the face in the photograph, and the patient could accurately compare how similar his perception of the real face was to the manipulated photograph. "Through the process, we were able to visualize the patient's real-time perception of the face distortions," says Mello.

In their research with other PMO cases, the co-authors state that some of their PMO participants have seen health professionals who wanted to help but diagnosed them with another health condition, not PMO.

"We've heard from multiple people with PMO that they have been diagnosed by psychiatrists as having schizophrenia and put on anti-psychotics, when their condition is a problem with the visual system," says senior author Brad Duchaine, a professor of psychological and brain sciences and principal investigator of the Social Perception Lab at Dartmouth.

"And it's not uncommon for people who have PMO to not tell others about their problem with face perception because they fear others will think the distortions are a sign of a psychiatric disorder," says Duchaine. "It's a problem that people often don't understand."

Through their paper, the researchers hope to increase public awareness of what PMO is.
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James Webb Space Telescope captures the end of planet formation | ScienceDaily
Scientists believe that planetary systems like our solar system contain more rocky objects than gas-rich ones. Around our sun, these include the inner planets -- Mercury, Venus, Earth and Mars -- the asteroid belt and the Kuiper belt objects such as Pluto.


						
Jupiter, Saturn, Uranus and Neptune, on the other hand, contain mostly gas. But scientists also have known for a long time that planet-forming disks start out with 100 times more mass in gas than solids, which leads to a pressing question: When and how does most of the gas leave a nascent planetary system?

A new study led by Naman Bajaj at the University of Arizona Lunar and Planetary Laboratory, published in the Astronomical Journal, provides answers. Using the James Webb Space Telescope, or JWST, the team obtained images from such a nascent planetary system -- also known as a circumstellar disk -- in the process of actively dispersing its gas into surrounding space.

"Knowing when the gas disperses is important as it gives us a better idea of how much time gaseous planets have to consume the gas from their surroundings," said Bajaj, a second-year doctoral student at UArizona's Lunar and Planetary Laboratory. "With unprecedented glimpses into these disks surrounding young stars, the birthplaces of planets, JWST helps us uncover how planets form."

During the very early stages of planetary system formation, planets coalesce in a spinning disk of gas and tiny dust around the young star, according to Bajaj. These particles clump together, building up into bigger and bigger chunks called planetesimals. Over time, these planetesimals collide and stick together, eventually forming planets. The type, size and location of planets that form depend on the amount of material available and how long it remains in the disk.

"So, in short, the outcome of planet formation depends on the evolution and dispersal of the disk," Bajaj said.

At the heart of this discovery is the observation of T Cha, a young star -- relative to the sun, which is about 4.6 billion years old -- enveloped by an eroding circumstellar disk notable for a vast dust gap, spanning approximately 30 astronomical units, or au, with one au being the average distance between the Earth and the sun.




Bajaj and his team were able, for the first time, to image the disk wind, as the gas is referred to when it slowly leaves the planet-forming disk. The astronomers took advantage of the telescope's sensitivity to light emitted by an atom when high-energy radiation -- for example, in starlight -- strips one or more electrons from its nucleus. This is known as ionization, and the light emitted in the process can be used as a sort of chemical "fingerprint" -- in the case of the T Cha system, tracing two noble gases, neon and argon. The observations also mark the first time a double ionization of argon has been detected in a planet-forming disk, the team writes in the paper.

"The neon signature in our images tells us that the disk wind is coming from an extended region away from the disk," Bajaj said. "These winds could be driven either by high-energy photons -- essentially the light streaming from the star -- or by the magnetic field that weaves through the planet-forming disk."

In an effort to differentiate between the two, the same group, this time led by Andrew Sellek, a postdoctoral researcher at Leiden University in the Netherlands, performed simulations of the dispersal driven by stellar photons, the intense light streaming from the young star. They compared these simulations to the actual observations and found dispersal by high-energy stellar photons can explain the observations, and hence cannot be excluded as a possibility. That study concluded that the amount of gas dispersing from the T Cha disk every year is equivalent to that of Earth's moon. These results will be published in a companion paper, currently under review with the Astronomical Journal.

While neon signatures had been detected in many other astronomical objects, they weren't known to originate in low-mass planet-forming disks until first discovered in 2007 with JWST's predecessor, NASA's Spitzer Space Telescope, by Ilaria Pascucci, a professor at LPL who soon identified them as a tracer of disk winds. Those early findings transformed research efforts focused on understanding gas dispersal from circumstellar disks. Pascucci is the principal investigator on the most recent observing project and a co-author on the publications reported here.

"Our discovery of spatially resolved neon emission -- and the first detection of double ionized argon -- using the James Webb Space Telescope could become the next step towards transforming our understanding of how gas clears out of a planet-forming disk," Pascucci said. "These insights will help us get a better idea of the history and impact on our own solar system."

In addition, the group has also discovered that the inner disk of T Cha is evolving on very short timescales of decades; they found that the spectrum observed by JWST differs from the earlier spectrum detected by Spitzer. According to Chengyan Xie, a second-year doctoral student at LPL who leads this in-progress work, this mismatch could be explained by a small, asymmetric disk inside of T Cha that has lost some of its mass in the short 17 years that have elapsed between the two observations.

"Along with the other studies, this also hints that the disk of T Cha is at the end of its evolution," Xie said. "We might be able to witness the dispersal of all the dust mass in T Cha's inner disk within our lifetime."

Co-authors on the publications include Uma Gorti with the SETI Institute, Richard Alexander with the University of Leicester, Jane Morrison and Andras Gaspar with the UArizona's Steward Observatory, Cathie Clarke with the University of Cambridge, Giulia Ballabio with Imperial College London, and Dingshan Deng with the Lunar and Planetary Laboratory.
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Research uncovers a rare resin fossil find: A spider that aspires to be an ant | ScienceDaily
Arachnophobia can make humans flee at the sight of a brown recluse, black widow or even a daddy long legs, but animal predators of spiders know no such fear.


						
That's why, paleobiologist George Poinar Jr. explains, some spider species have developed the defense of deception. They masquerade as a much less desirable prey -- ants -- and Poinar's recent paper in Historical Biology presents an early record of an ant-mimicking spider in fossilized resin.

"Ants are particularly good creatures for spiders to pretend to be -- many animals find ants distasteful or dangerous to eat," said Poinar, who has a courtesy appointment in the Oregon State University College of Science. "Ants are aggressive in their own defense -- they have a strong bite as well as a stinging venom, and they can call in dozens of nestmates as allies. Spiders, meanwhile, have no chemical defenses and are loners, which makes them vulnerable to being hunted by larger spiders, wasps and birds -- predators that would rather avoid ants. So if a spider can be like an ant, it's more likely to be unbothered."

Spiders that disguise themselves as ants live in many locations around the globe but until now most had been able to avoid detection from fossil researchers as well as predators. The specimen that Poinar describes, which he named Myrmarachne colombiana, was entombed in a type of fossilized resin known as copal.

Copal is a less mature form of fossilized resin than amber, which is routinely dated to be 25 million or more years old. Still, copal can be up to 3 million years old.

The age of the resin in this case, however, could not be determined, said Poinar, an international expert in using plant and animal life forms preserved in amber to learn about the biology and ecology of the distant past.

The resin block he was working with, which came from Medellin, Colombia, was too small to age-test without risk of damaging the spider inside. Poinar notes there is no record of any currently living ant-mimicking spider making its home in Colombia.




"It is a challenge for spiders to accomplish this magical transformation to ants," he said. "Ants have six legs and two long antennae, while spiders have eight legs and no antennae."

To get around those anatomical differences, Poinar said, spiders typically position their two front legs in a way that approximates the look of antennae. But number of legs and absence/presence of antennae are not the only characteristics differentiating an ant's appearance from a spider's.

"The abdomen and cephalothorax of spiders are closely attached, while in ants the equivalent of these body parts are separated by a narrow segment called the petiole," Poinar said. "And there are many other lesser structures that need to be modified in spiders for them to closely resemble ants. How is this accomplished? Most scientists say it begins with spider mutation, adaptation and then natural selection.

"However, I think there is some spider reasoning and intelligence involved too since the spiders often model their body changes after specific ants in the same environment," he said. "In the early days, we were told that all habits of insects were the result of instincts, but that is no longer the case."

Several groups of spiders have developed the ability to look and behave like various types of ants, he added. There are also spiders that try to blend in as other insects, such as flies, beetles and wasps.

Most of the copycat spiders belong to a few families of hunting spiders, including Salticidae or jumping spiders. The specimen in the Colombian copal appears to be a jumping spider.

Spiders that practice mimicry also come from the Corinnidae (sun spider), Thomisidae (flower spider) and Zodariidae (spotted or ant spider) families.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/03/240322145408.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Signs of life would be detectable in single ice grain emitted from extraterrestrial moons | ScienceDaily
The ice-encrusted oceans of some of the moons orbiting Saturn and Jupiter are leading candidates in the search for extraterrestrial life. A new lab-based study led by the University of Washington in Seattle and the Freie Universitat Berlin shows that individual ice grains ejected from these planetary bodies may contain enough material for instruments headed there in the fall to detect signs of life, if such life exists.


						
"For the first time we have shown that even a tiny fraction of cellular material could be identified by a mass spectrometer onboard a spacecraft," said lead author Fabian Klenner, a UW postdoctoral researcher in Earth and space sciences. "Our results give us more confidence that using upcoming instruments, we will be able to detect lifeforms similar to those on Earth, which we increasingly believe could be present on ocean-bearing moons."

The open-access study was published March 22 in Science Advances. Other authors in the international team are from The Open University in the U.K.; NASA's Jet Propulsion Laboratory; the University of Colorado, Boulder; and the University of Leipzig.

The Cassini mission that ended in 2017 discovered parallel cracks near the south pole of Saturn's moon Enceladus. Emanating from these cracks are plumes containing gas and ice grains. NASA's Europa Clipper mission, scheduled to launch in October, will carry more instruments to explore in even more detail an icy moon of Jupiter, Europa.

To prepare for that mission, researchers are studying what this new generation of instruments might find. It is technically prohibitive to directly simulate grains of ice flying through space at 4 to 6 kilometers per second to hit an observational instrument, as the actual collision speed will be. Instead, the authors used an experimental setup that sends a thin beam of liquid water into a vacuum, where it disintegrates into droplets. They then used a laser beam to excite the droplets and mass spectral analysis to mimic what instruments on the space probe will detect.

Newly published results show that instruments slated to go on future missions, like the SUrface Dust Analyzer onboard Europa Clipper, can detect cellular material in one out of hundreds of thousands of ice grains.

The study focused on Sphingopyxis alaskensis, a common bacterium in waters off Alaska. While many studies use the bacterium Escherichia coli as a model organism, this single-celled organism is much smaller, lives in cold environments, and can survive with few nutrients. All these things make it a better candidate for potential life on the icy moons of Saturn or Jupiter.




"They are extremely small, so they are in theory capable of fitting into ice grains that are emitted from an ocean world like Enceladus or Europa," Klenner said.

Results show that the instruments can detect this bacterium, or portions of it, in a single ice grain. Different molecules end up in different ice grains. The new research shows that analyzing single ice grains, where biomaterial may be concentrated, is more successful than averaging across a larger sample containing billions of individual grains.

A recent study led by the same researchers showed evidence of phosphate on Enceladus. This planetary body now appears to contain energy, water, phosphate, other salts and carbon-based organic material, making it increasingly likely to support lifeforms similar to those found on Earth.

The authors hypothesize that if bacterial cells are encased in a lipid membrane, like those on Earth, then they would also form a skin on the ocean's surface. On Earth, ocean scum is a key part of sea spray that contributes to the smell of the ocean. On an icy moon where the ocean is connected to the surface (e.g., through cracks in the ice shell), the vacuum of outer space would cause this subsurface ocean to boil. Gas bubbles rise through the ocean and burst at the surface, where cellular material gets incorporated into ice grains within the plume.

"We here describe a plausible scenario for how bacterial cells can, in theory, be incorporated into icy material that is formed from liquid water on Enceladus or Europa and then gets emitted into space," Klenner said.

The SUrface Dust Analyzer onboard Europa Clipper will be higher-powered than instruments on past missions. This and future instruments also will for the first time be able to detect ions with negative charges, making them better suited to detecting fatty acids and lipids.

"For me, it is even more exciting to look for lipids, or for fatty acids, than to look for building blocks of DNA, and the reason is because fatty acids appear to be more stable," Klenner said.

"With suitable instrumentation, such as the SUrface Dust Analyzer on NASA's Europa Clipper space probe, it might be easier than we thought to find life, or traces of it, on icy moons," said senior author Frank Postberg, a professor of planetary sciences at the Freie Universitat Berlin. "If life is present there, of course, and cares to be enclosed in ice grains originating from an environment such as a subsurface water reservoir."

The study was funded by the European Research Council, NASA and the German Research Foundation (DFG). Other co-authors are Janine Bonigk, Maryse Napoleoni, Jon Hillier and Nozair Khawaja at the Freie Universitat Berlin; Karen Olsson-Francis at The Open University in the U.K.; Morgan Cable and Michael Malaska at the NASA Jet Propulsion Laboratory; Sascha Kempf at the University of Colorado, Boulder; and Bernd Abel at the University of Leipzig.
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Tudor era horse cemetery in Westminster revealed as likely resting place for elite imported animals | ScienceDaily
Archaeological analysis of a near unique animal cemetery discovered in London nearly 30 years ago has revealed the international scale of horse trading by the elites of late medieval and Tudor England.


						
Using advanced archaeological science techniques, including studying chemical composition, researchers have been able to identify the likely origins of several physically elite horses and the routes they took to reach British shores during the formative years of their life.

These animals -- akin to modern supercars -- were sourced from a variety of locations across Europe specifically for their height and strength and imported for use in jousting tournaments and as status symbols of 14th- to 16th-century life. They include three of the tallest animals known from late medieval England, standing up to 1.6 metres or 15.3 hands high, which while quite small by modern standards would have been very impressive for their day.

The skeletons of the horses were recovered from a site under the modern-day Elverton Street in the City of Westminster, which was excavated in advance of building works in the 1990s. In medieval times, the cemetery would have been located outside the walled City of London but was close to the royal palace complex at Westminster.

The research, led by the University of Exeter, and funded by the Arts and Humanities Research Council, is published in the latest edition of Science Advances.

"The chemical signatures we measured in the horse's teeth are highly distinctive and very different to anything we would expect to see in a horse that grew up in the UK," said Dr Alex Pryor, Senior Lecturer in Archaeology and lead researcher. "These results provide direct and unprecedented evidence for a variety of horse movement and trading practices in the Middle Ages. Representatives for the King and other medieval London elites were scouring horse trading markets across Europe seeking out the best quality horses they could find and bringing them to London. It's quite possible that the horses were ridden in the jousting contests we know were held in Westminster, close to where the horses were buried."

In the first experiment of its kind to be conducted on medieval horse remains, the researchers took 22 molar teeth from 15 individual animals and drilled out portions of the enamel for isotope analysis. By measuring isotope ratios of the elements strontium, oxygen and carbon present within the teeth and comparing the results with known ranges in different geographies, the team was able to identify the potential origin of each horse -- and accurately rule out others, including prime European horse-breeding centres such as Spain and southern Italy.




Dr Pryor said that at least half of the horses had diverse international origins, possibly Scandinavia, the Alps and other northern and eastern European locations. The results, the researchers conclude, were consistent with the breeding patterns of royal stud farms, where horses would reside until their second or third year, before they would either be broken and trained or sent elsewhere to be sold.

Physical analysis of the teeth revealed wear suggestive of heavy use of a curb bit, often employed with elite animals, especially those groomed for war and tournaments after the 14th century. Bit wear on two of the mares also suggested they were used under saddle or in harness and for breeding. And analysis of the skeletons revealed many of them to be well above average size, with several instances of fused lower thoracic and lumbar vertebrae indicative of a life of riding and hard work.

"The finest medieval horses were like modern supercars -- inordinately expensive and finely tuned vehicles that proclaimed their owner's status," added Professor Oliver Creighton, a medieval specialist at the University of Exeter and part of the research team. "And at Elverton Street, our research team seem to have found evidence for horses used in jousting -- the sport of kings, in which riders showcased their fighting skills and horsemanship on elite mounts.

"The new findings provide a tangible archaeological signature of this trade, emphasising its international scale. It is apparent that the medieval London elite were explicitly targeting the highest quality horses they could find at a European scale."
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Secrets of the Van Allen belt revealed in new study | ScienceDaily
A challenge to space scientists to better understand our hazardous near-Earth space environment has been set in a new study led by the University of Birmingham.


						
The research represents the first step towards new theories and methods that will help scientists predict and analyse the behaviour of particles in space. It has implications for theoretical research, as well as for practical applications such as space weather forecasting.

The research focused on two bands of energetic particles in near earth space, referred to as the Radiation Belts, or the Van Allen Belts. These particles are trapped within the Earth's magnetosphere and can damage electronics on satellites and spacecraft passing through, as well as posing risks to astronauts.

Understanding how these particles behave has been a goal for physicists and engineers for decades. Since the 1960s, researchers have used principles contained within 'quasilinear models' to explain how the charged particles move through space.

In the new study, however, researchers have found evidence that the standard theory might not apply as often as previously assumed. The team of 16 scientists, from institutions in the UK, USA and Finland, explored the limits of standard theories. The application of the quasilinear theory can seem straightforward, but in fact integrating it into space physics models in accordance with scientific measurements made in space is a delicate procedure. This paper breaks down the challenges behind this process.

The findings are published in a special edition of Frontiers in Astronomy and Space Sciences: "Editor's Challenge in Space Physics: Solved and Unsolved Problems in Space Physics."

Lead author, Dr Oliver Allanson, from the Space Environment and Radio Engineering (SERENE) Group at the University of Birmingham, said: "Gaining a better understanding of the behaviour of these particles is crucial for interpreting satellite data and for understanding the underlying physics of space environments."

Researchers involved in the study are based in the UK at the Universities of Birmingham, Exeter, Northumbria, Warwick, St Andrews, and at the British Antarctic Survey; in the USA at the University of California at Los Angeles, University of Iowa and the US Air Force Research Lab, New Mexico; and in Finland at the University of Helsinki.

Next steps for the research will include an enhanced theoretical description based on the findings in this work, that can then be used in space weather models to forecast the behaviour of these hazardous particles in near-Earth space.
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Researchers name prehistoric amphibian ancestor discovered in Smithsonian collection after Kermit the Frog | ScienceDaily
Scientists have uncovered the fossilized skull of a 270-million-year-old ancient amphibian ancestor in the collection of the Smithsonian's National Museum of Natural History. In a paper published today, March 21, in the Zoological Journal of the Linnean Society, the team of researchers described the fossil as a new species of proto-amphibian, which they named Kermitops gratus in honor of the iconic Muppet, Kermit the Frog.


						
According to Calvin So, a doctoral student at the George Washington University and the lead author on the new paper, naming the new creature after the beloved frog character, who was created by puppeteer Jim Henson in 1955, is an opportunity to get people excited about the discoveries scientists make using museum collections.

"Using the name Kermit has significant implications for how we can bridge the science that is done by paleontologists in museums to the general public," So said. "Because this animal is a distant relative of today's amphibians, and Kermit is a modern-day amphibian icon, it was the perfect name for it."

The fossilized skull -- which measures just over an inch long and possesses large, oval-shaped eye sockets -- was originally unearthed by the late paleontologist Nicholas Hotton III, who served as a curator in the museum's paleobiology department for nearly 40 years. Hotton spent several field seasons excavating fossils from rock outcrops in north central Texas known as the Red Beds. The area's rust-colored rocks date back to the early Permian period more than 270 million years ago and contain the fossilized remains of ancient reptiles, amphibians and sail-backed synapsids, the precursors to modern mammals.

Hotton and his team collected so many fossils that they were not able to study all of them in detail. This included a small proto-amphibian skull, which the team had unearthed in a rock layer known as the Clear Fork Formation in 1984. The skull was deposited in the Smithsonian's National Fossil Collection, where it spent decades waiting for a researcher to take a closer look.

In 2021, Arjan Mann, a postdoctoral paleontologist at the museum and a former Peter Buck Fellow, was sifting through Hotton's trove of Texas fossils when one specimen labeled as an early amphibian caught his eye.

"One fossil immediately jumped out at me -- this really well preserved, mostly prepared skull," said Mann, who serves as So's mentor and is also a co-author on the new paper.




Mann and So teamed up to determine what kind of prehistoric creature the fossil belonged to. The skull possessed a mishmash of traits that were different from features seen in the skulls of older tetrapods, the ancient ancestors of amphibians and other living four-legged vertebrates. For example, the region of the skull behind the animal's eyes was much shorter than its elongated, curved snout. These skull proportions helped the animal, which likely resembled a stout salamander, snap up tiny grub-like insects.

The researchers identified the fossil as a temnospondyl, a diverse group of primitive amphibian relatives that lived for over 200 million years from the Carboniferous to the Triassic periods. But because the animal's skull sported such unique features, the scientists concluded that it belonged in an entirely new genus, which they named Kermitops. The moniker is a play on the creature's cartoonishly wide-eyed face and is derived from a mashup of the words "Kermit" and the Greek suffix "-ops," which means face. The researchers also christened the new animal with the species name gratus to represent their gratitude for Hotton and the rest of the team that originally unearthed the fossil.

Kermitops is notable for more than just its namesake puppet persona. The early fossil record of amphibians and their ancestors is largely fragmentary, which makes it difficult to understand how frogs, salamanders and their kin originated. Adding relatives like Kermitops into the fold is essential for fleshing out the early branches of the amphibian family tree.

"Kermitops offers us clues to bridge this huge fossil gap and start to see how frogs and salamanders developed these really specialized traits," So said.

Mann agrees and hopes that the discovery of a previously unknown amphibian ancestor hiding in plain site will inspire other paleontologists to take a closer look at their own museum's fossil collections.

"This is an active area of research that a lot more paleontologists need to dive back into," Mann said. "Paleontology is always more than just dinosaurs, and there are lots of cool evolutionary stories and mysteries still waiting to be answered. We just need to keep looking."

The new project is the latest example of the Smithsonian's history of collaboration with George Washington University. This collaboration provides the university's students with access to the collections and resources of the world's largest museum and research complex. The new paper also includes a coauthor from the Field Museum of Natural History.
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Heat to blame for space pebble demise | ScienceDaily
The dust of comets fills the space between the planets, collectively called the zodiacal cloud. Still, severe breakdown has reduced that dust in size so much that it now scatters sunlight efficiently, causing the faint glow in the night sky known as the "zodiacal light."


						
It was long thought that high-speed collisions pulverized the comet ejecta, but now a 45-member team of researchers reports, in a paper published online in the journal Icarus this week, that heat is to blame.

"Comets eject most debris as large sand-grain to pebble-sized particles, called meteoroids, that move in meteoroid streams and cause the visible meteors in our meteor showers," says Dr. Peter Jenniskens, meteor astronomer at the SETI Institute. "In contrast, the zodiacal cloud is mostly composed of particles the size of tobacco smoke that even radars have difficulty detecting as meteors."

Why do pebbles pulverize after they leave the comet?

"Meteor showers show us this loss of pebbles over time, because older showers tend to contain fewer bright meteors than young showers," said Jenniskens. "We set out to investigate what is responsible."

Jenniskens leads a NASA-sponsored global network called "CAMS" that monitors the night sky for meteors with low-light video security cameras. Most co-authors on the paper are the researchers and citizen scientists who built and operate the 15 CAMS camera networks in ten countries.

"We developed software that detects meteors in videos recorded from different locations and then triangulates their trajectory in the atmosphere," said detection specialist Peter S. Gural. "Meteors arriving from the same direction each day belong to a meteor shower."

Nightly maps showing from what direction those meteors arrive at Earth are at the website: https://meteorshowers.seti.org




After 13 years of observations, the combined maps were recently published as a book, "Atlas of Earth's Meteor Showers," an encyclopedia of information on each known meteor shower.

"As part of this work, we determined the age of meteor showers from how much they had dispersed," says Stuart Pilorz of the SETI Institute, "and then examined how rapidly they were losing their large meteoroids compared to the smaller ones."

To investigate what is responsible, the team examined of how close those streams came to the Sun. If collisions were to blame, then the pebbles were expected to be destroyed faster directly proportionally to their proximity to the Sun.

"Because there is more comet dust closer to the Sun, we had expected collisions there would pulverize the pebbles that much faster," says Jenniskens. "Instead, we found that the pebbles survived better than expected."

The research team concluded that, instead, the pebbles are destroyed proportional to the peak temperature they reach along their orbit. Thermal stresses are likely to blame for breaking up the large meteoroids near Earth, and all the way to the orbit of Mercury, while deep inside the orbit of Mercury the particles are heated so much that they fall apart from losing material.

"Here at Earth, we sometimes see that process in action when in a short time of say 10 seconds we detect ten or twenty meteors in part of the sky, a meteor cluster, the result of a meteoroid having fallen apart by thermal stresses just before entering Earth's atmosphere," says Jenniskens.
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Decoding the plant world's complex biochemical communication networks | ScienceDaily
A Purdue University-led research team has begun translating the complex molecular language of petunias. Their grammar and vocabulary are well hidden, however, within the countless proteins and other compounds that fill floral cells.


						
Being rooted to the ground, plants can't run away from insects, pathogens or other threats to their survival. But plant scientists have long known that they do send warnings to each other via scent chemicals called volatile organic compounds.

"They use volatiles because they can't talk," said Natalia Dudareva, Distinguished Professor of Biochemistry and Horticulture and Landscape Architecture at Purdue. "Plants inform neighboring plants about pathogen attacks. It looks almost like immunization. Under normal conditions, you don't see any changes in the receiver plant. But as soon as a receiver plant is infected, it responds much faster. It's prepared for response."

Plant scientists have long known about this immunization-like priming, but until a few years ago, they had no way to study the process. They needed a marker showing that the plants had detected the volatile compounds.

Dudareva and 13 co-authors describe new details of the detection process in the March 22, 2024, issue of the journal Science. The team includes researchers from Purdue, Universite Jean Monnet Saint-Etienne in France and the University of California-Davis.

Scientists know little about plant receptors for volatiles. Mammals and insects have them, too, but the way they perceive volatiles is too different to help researchers study the process in plants, Dudareva said.

A research team led by Purdue University scientists has documented new details about how petunias use volatile organic compounds to communicate.




In 2019, in the journal Nature Chemical Biology, Dudareva and her associates published their discovery of a new physiological process, "Natural fumigation as a mechanism for volatile transport between flower organs." The study described how a plant's floral tubes produce volatile compounds to sterilize their stigma, the part of the pistil that collects pollen, to protect against attack by pathogens.

"There are a lot of sugars on the stigma, especially in petunias. It means that bacteria will grow very nicely without these volatiles present," Dudareva said. "But if the stigma does not receive tube-produced volatiles, it's also smaller. This was interorgan communication. Now we had a good marker -- stigma size -- to study this communication process."

Measurements made from photographs showed statistical differences in the stigma size upon exposure to volatiles, said the Science study's lead author, Shannon Stirling, a PhD student in horticulture and landscape architecture at Purdue. "You can see that this is a consistent trend," she said. "Once you've looked at enough stigmas, you can see by eye that there is a slight difference in size."

Combined with the genetic manipulation of the potential proteins involved, the work surprisingly revealed that a karrikin-like signaling pathway played a key role in petunia cellular signaling.

"Karrikins aren't produced by plants," Stirling said. "They're produced when plants burn, and our plants have never been exposed to smoke or fire."

The team also documented the importance of the karrikin-like pathway in the detection of volatile sesquiterpenes. Many plants use sesquiterpenes to communicate with other plants, among other functions.




Surprisingly, the identified karrikin receptor showed the ability to selectively perceive signaling from one type of sesquiterpene compound but not its mirror image, a trait called "stereospecificity." The receptor appears to be highly selective to the compound, said study co-author Matthew Bergman, a postdoctoral researcher in biochemistry at Purdue.

"The plant produces many different volatile compounds and is exposed to plenty of others," Bergman said. "It's quite remarkable how selective and specific this receptor is exclusively for this signal being sent from the tubes. Such specificity ensures that no other volatile signals are getting by. There's no false signaling."

For Stirling, the study required mastering a painstaking method for temporarily altering the levels of proteins of the petunia pistils to identify the signal-receptor protein interactions. "Pistils and stigmas are small. They're a little difficult to work with because of their size," she said. "Even the sheer amount of stigmas you need to get enough sample for anything is quite large because they don't weigh much."

This method involved injecting a certain species of bacterium into the stigma to introduce targeted genes, then isolating the resulting proteins.

"It's not easy to manipulate such a small organ," Bergman noted. "But Shannon was able to gently prick the stigma with a syringe and infiltrate it with this bacterium so delicately. She's quite an expert at this."

Petunias are often brightly colored and smell nice, but the Purdue scientists also value them because they serve as a fertile model system for their research.

"They've proven quite fruitful thus far," Bergman said.

This work was funded by the National Science Foundation, the USDA National Institute of Food and Agriculture, and the National Institutes of Health.
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