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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.


      
        Clever pupils don't need to attend academically selective schools to thrive, study finds
        New findings challenge the idea that academically selective schools are necessary for clever pupils to achieve good outcomes.

      

      
        Cool roofs are best at beating cities' heat
        Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered 'green roofs,' street-level vegetation or solar panels, finds a new study led by UCL researchers.

      

      
        Researchers capture never-before-seen view of gene transcription
        New tech reveals findings that address long-standing theories about how bacteria begin the process of making RNA from DNA.

      

      
        Poor health, stress in 20s takes toll in 40s with lower cognition
        Young adults who have higher levels of inflammation, which is associated with obesity, physical inactivity, chronic illness, stress and smoking, may experience reduced cognitive function in midlife, a new study has found.

      

      
        Moon 'swirls' could be magnetized by unseen magmas
        Mysterious, light-colored swirls on Moon's surface could be rocks magnetized by magma activity underground, laboratory experiments confirm.

      

      
        Scientists discover way to 'grow' sub-nanometer sized transistors
        A research team has implemented a novel method to achieve epitaxial growth of 1D metallic materials with a width of less than 1 nm. The group applied this process to develop a new structure for 2D semiconductor logic circuits. Notably, they used the 1D metals as a gate electrode of the ultra-miniaturized transistor.

      

      
        A breakthrough in inexpensive, clean, fast-charging batteries
        Scientists have created an anode-free sodium solid-state battery. This brings the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

      

      
        New study on children and food:  Fruit chunks in yogurt are a turn off for one age group in particular
        It's no secret that kids aren't crazy about having too many seeds, pulp or chunks in their food. But six-year-olds in particular definitely can't stand lumps, according to a new study. The research sheds new light on children's food preferences across age groups and can serve parents, the health care sector and the food industry.

      

      
        Chemists synthesize an improved building block for medicines
        Research could help drug developers improve the safety profiles of medications and reduce side effects.

      

      
        Machine learning could aid efforts to answer long-standing astrophysical questions
        Physicists have developed a computer program incorporating machine learning that could help identify blobs of plasma in outer space known as plasmoids. In a novel twist, the program has been trained using simulated data.

      

      
        Pasteurization inactivates highly infectious avian flu in milk, study suggests
        Researchers found no infectious virus in the sampled pasteurized milk products tested for H5N1.

      

      
        Mechanism of bio-inspired control of liquid flow
        The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research implied that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials,...

      

      
        Early-onset El Nino means warmer winters in East Asia, and vice versa
        Researchers have found that the early onset of El Nino around June leads to warm winter climates in Japan, while the late onset of El Nino is associated with colder winters. By analyzing 100-ensemble member climate simulations over the past 61 years, the team found that the warming of the tropical Indian Ocean was a player in warmer Japanese winters.

      

      
        Measuring body language
        A large international and interdisciplinary research team has developed software to measure the objective kinematic features of movements that express emotions.

      

      
        Blue and great tits deploy surprisingly powerful memories to find food
        Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging. The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

      

      
        Giant salamander-like creature was a top predator in the ice age before the dinosaurs
        Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. It lived 40 million years before the first dinosaurs, and it was the top predator in its ecosystem.

      

      
        Experimental drug supercharges medicine that reverses opioid overdose
        Researchers have identified a compound that, in mice, makes naloxone much more effective at counteracting a drug overdose.

      

      
        Mapping the surfaces of MXenes, atom by atom, reveals new potential for the 2D materials
        In the decade since their discovery, the family of two-dimensional materials called MXenes has shown a great deal of promise for applications ranging from water desalination and energy storage to electromagnetic shielding and telecommunications, among others. While researchers have long speculated about the genesis of their versatility, a recent study has provided the first clear look at the surface chemical structure foundational to MXenes' capabilities.

      

      
        Mobile phone data helps track pathogen spread and evolution of superbugs
        Combining genomic data and human travel patterns over a 14-year period in South Africa reveals key insights into the spread, evolution and resistance patterns of a major bacterium behind pneumonia and meningitis globally.

      

      
        Extinct humans survived on the Tibetan plateau for 160,000 years
        Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia.

      

      
        Mighty floods of the Nile River during warmer and wetter climates
        Global warming as well as recent droughts and floods threaten large populations along the Nile Valley. Sediment cores off the Nile mouth reveal insights into the effects and causes of heavy rainfall episodes about 9,000 years ago. That will help to prepare for weather extremes in a changing climate.

      

      
        Clever clothes! Seams in clothing capture body movement
        Everyday clothing may soon be able to capture and record body movements according to new research.

      

      
        High ceilings linked to poorer exam results for university students
        Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.

      

      
        Low-dose aspirin could help prevent pregnancy complications caused by flu infections
        A world-first study has found low-dose aspirin may treat flu-induced blood vessel inflammation, creating better blood flow to the placenta during pregnancy.

      

      
        Drugs that kill 'zombie' cells may benefit some older women, but not all
        Drugs that selectively kill senescent cells may benefit otherwise healthy older women but are not a 'one-size-fits-all' remedy, Mayo Clinic researchers have found. Specifically, these drugs may only benefit people with a high number of senescent cells, according to findings publishing July 2 in Nature Medicine.

      

      
        Using visible light to make pharmaceutical building blocks
        Chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals. The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst.

      

      
        UV radiation damage leads to ribosome roadblocks, causing early skin cell death
        In a recent study, researchers suggest the cell's messenger RNA (mRNA) -- the major translator and regulator of genetic material -- along with a critical protein called ZAK, spur the cell's initial response to UV radiation damage and play a critical role in whether the cell lives or dies.

      

      
        Precise and less expensive 3D printing of complex, high-resolution structures
        Researchers have developed a new two-photon polymerization technique that uses two lasers to 3D print complex high-resolution structures. The advance could make this 3D printing process less expensive, helping it find wider use in a variety of applications, from consumer electronics to the biomedical field.

      

      
        Giant clams may hold the answers to making solar energy more efficient
        Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new study. This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

      

      
        Advancing toward a preventative HIV vaccine
        A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a 'swarm' of viral strains existing in a single body.

      

      
        What was behind the 2021-2022 energy crisis within Europe?
        A team of researchers had already been working with electricity price data for years before Russia's invasion of Ukraine, exploring statistics and developing forecasting methods. Now they zero in on how prices in different countries relate and how countries were affected by the energy crisis and address the interdependencies of different markets. Their approach combines statistical physics and network science, identifying communities and the fundamental spatiotemporal patterns within the electric...

      

      
        Genetic study points to oxytocin as possible treatment for obesity and postnatal depression
        Scientists have identified a gene which, when missing or impaired, can cause obesity, behavioural problems and, in mothers, postnatal depression. The discovery, reported today in Cell, may have wider implications for the treatment of postnatal depression, with a study in mice suggesting that oxytocin may alleviate symptoms.

      

      
        Systematic biases at play in clinical trials
        Randomized controlled trials, or RCTs, are believed to be the best way to study the safety and efficacy of new treatments in clinical research. However, a recent study found that people of color and white women are significantly underrepresented in RCTs due to systematic biases.

      

      
        Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature
        Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of ...

      

      
        Optoelectronics gain spin control from chiral perovskites and III-V semiconductors
        A research effort has made advances that could enable a broader range of currently unimagined optoelectronic devices.

      

      
        Potential new target for early treatment of Alzheimer's disease
        A class of proteins that regulates cell repair and enhances cell growth-signaling systems could be a promising new target for the treatment of Alzheimer's and other neurodegenerative diseases, according to a new study. They found that disrupting necessary sugar modifications of these proteins promotes cell repair and reverses cellular abnormalities that occur in neurodegenerative diseases.

      

      
        Serendipity reveals new method to fight cancer with T cells
        A promising therapy that treats blood cancers by harnessing the power of the immune system to target and destroy cancer cells could now treat solid tumors more efficiently.

      

      
        Study explores what motivates people to watch footage of disasters and extreme weather
        The release in July 2024 of the blockbuster film Twisters (centred around a social-media celebrity storm-chaser) demonstrates an ongoing public fascination in hazards and extreme weather. The arrival of camera and streaming technologies have made it easier to collect and share such footage in recent years, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord. Now, a new study has analyzed what might be motivating people to watch these streams --...

      

      
        'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness
        A new study shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.

      

      
        Safer, swifter, smaller scar: New brain surgery approach targets difficult tumors at skull base
        A medical team has developed a minimally invasive neurosurgical technique using an endoscope for the removal of tumors in the base of the skull. The results compare favorably with the conventional microscopic approach, with the added benefit of shorter operative times, less blood loss, and smaller craniotomies.

      

      
        Watching others' biased behavior unconsciously creates prejudice
        We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists, who show for the first time that observational learning is an important mechanism of prejudice formation.

      

      
        Exploring the chemical space of the exposome: How far have we gone?
        Scientists have taken on the daunting challenge of mapping all the chemicals around us. They take inventory of the available science and conclude that currently a real pro-active chemical management is not feasible. To really get a grip on the vast and expanding chemical universe, they advocate the use of machine learning and AI, complementing existing strategies for detecting and identifying all molecules we are exposed to.

      

      
        A new breakthrough in understanding regeneration in a marine worm
        The sea worm Platynereis dumerilii is only a few centimeters long but has a remarkable ability: in just a few days, it can regenerate entire parts of its body after an injury or amputation. By focusing more specifically on the mechanisms at play in the regeneration of this worm's tail, a research team has observed that gut cells play a role in the regeneration of the intestine as well as other tissues such as muscle and epidermis.

      

      
        Crucial gaps in climate risk assessment methods
        Researchers have uncovered significant flaws in current climate risk assessment techniques that could lead to a severe underestimation of climate-related financial losses for businesses and investors.

      

      
        Neutrons on classically inexplicable paths
        Is nature really as strange as quantum theory says -- or are there simpler explanations? New neutron measurements prove: It doesn't work without the strange properties of quantum theory.

      

      
        True scale of carbon impact from long-distance travel revealed
        The reality of the climate impact of long-distance passenger travel has been revealed in new research.

      

      
        Researchers unlock 'materials genome', opening possibilities for next-generation design
        A new microscopy method has allowed researchers to detect tiny changes in the atomic-level architecture of crystalline materials -- like advanced steels for ship hulls and custom silicon for electronics. The technique could advance our ability to understand the fundamental origins of materials properties and behavior.

      

      
        Spotted apex predator being pressured by spotted pack hunters -- and it's our fault
        Leopards, who are already in decline, can't keep up with hyenas when people are around. As we humans move into the their territories more and more, we are helping to disturb and unbalance ecosystems. This has been shown in a new study where researchers used camera traps to observe both large carnivore species.

      

      
        Understanding the synchronization of physiological states during a live music performance
        In a concert, members of the audience can respond emotionally to music, owing to their biological synchronization to the audio input. However, the mechanism underlying this biological response is unclear. Now, a pioneering study has found that music-induced heart-rate synchronization is highly correlated within an individual, compared to between two randomly selected individuals. It has been determined that individual differences in cognition reduce the consistency in physiological responses and ...

      

      
        Near chromosome-level genome of the Mojave poppy bee
        Scientists have developed a near chromosome-level genome for the Mojave poppy bee, a specialist pollinator of conservation concern.
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Clever pupils don't need to attend academically selective schools to thrive, study finds | ScienceDaily

Selective schools are government-funded schools that enrol only the highest performing students. Pupils take a standardized entrance exam, from which the best-scoring are enrolled.

Some argue that selective schools are necessary for bright pupils to reach their full academic potential. Selective schools can outperform or perform just as well as elite schools in final year exams, but without the high fees charged to parents. Hence, selective schools can offer a means for children from low socioeconomic backgrounds to receive a first-class education.

However, others argue that selective schools disproportionately benefit high socioeconomic children whose parents can afford private tutoring to prepare them for the entrance exams.

"Studies show that parents wish to enrol their children into selective schools, because they believe it will increase the chances of their children getting into a prestigious university, and securing a well-paid and high-status job," says Melissa Tham, a research fellow at the Mitchell Institute at Victoria University, Melbourne, Australia.

To find out whether there are benefits associated with selective schools, Tham and her colleagues Shuyan Huo, and Andrew Wade tracked almost 3000 pupils from the Longitudinal Surveys of Australian Youth (LSAY), a nationally representative survey program that follows young Australians over an 11-year period. The survey started when respondents were aged 15 in 2009.

As expected, the selective schools featured in the study had a higher proportion of academically high-achieving students, as measured by mathematics and reading scores.




However, at ages 19 and 25 there was little difference between the educational and employment outcomes of children who attended selective schools versus non-selective schools. For example, the study found that while 81% of selective school students went on to secure a job or university place at 19 compared to 77.6% of pupils from non-selective schools, this difference disappeared when the students were matched on key characteristics, including socioeconomic background, gender, and geographical location.

At age 25, all outcomes between selective and non-selective school students were not significant, except general life satisfaction. Attending a selective school increased a student's general life satisfaction score by just 0.19 points. Meanwhile, students who attended non-selective school were just as likely to go on to study at university or secure a job as their peers who attended selective schools.

"These very modest findings indicate that attending an academically selective school does not appear to pay off in large benefits for individuals," says Andrew Wade, co-author of the study.

"We argue that academically selective schools in the government sector therefore contradicts the principles of inclusive and equitable education which underpin Australia's school system."

According to the authors, the findings suggest that more research is needed to determine whether selective schools offer any benefit to academically able students.

"Rather than tweak some aspects of the enrolment processes, we see greater value in conducting a thorough and critical examination of fully and partially selective schools, and scaling back selectivity if the supposed benefits are not found," says Huo.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240704122222.htm
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Cool roofs are best at beating cities' heat | ScienceDaily
Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered "green roofs," street-level vegetation or solar panels, finds a new study led by UCL researchers.


						
Conversely, extensive use of air conditioning would warm the outside environment by as much as 1 degree C in London's dense city centre, the researchers found.

The research, published in Geophysical Research Letters, used a three-dimensional urban climate model of Greater London to test the thermal effects of different passive and active urban heat management systems, including painted "cool roofs," rooftop solar panels, green roofs, ground level tree vegetation and air conditioning during the two hottest days of the summer of 2018, the warmest on record.

It found that if adopted widely throughout London, cool roofs could reduce outdoor temperatures across the city on average about 1.2 degrees C, and up to 2 degrees C in some locations. Other systems, such as extensive street-level vegetation or solar panels would provide a smaller net cooling effect, only about 0.3 degrees C on average across London, though they offer other environmental benefits. Similarly, while green roofs offer benefits like water drainage and wildlife habitats, their net cooling effect on the city was found to be negligible on average.

Air conditioning, which transfers heat from within buildings to the outside, would warm the outdoor urban environment by about 0.15 degrees C for the city overall, but by as much as 1 degree C in dense central London. The researchers also found that the increase in the distribution of air con units in their model could be entirely powered by photovoltaic solar panels if they were similarly installed to their fullest extent.

To gauge the potential full effect of each method, the team modelled each one as though they had been as widely adopted as theoretically feasible across housing, commercial and industrial buildings throughout Greater London.

Lead author Dr Oscar Brousse (UCL Bartlett School Environment, Energy & Resources) said: "We comprehensively tested multiple methods that cities like London could use to adapt to and mitigate warming temperatures, and found that cool roofs were the best way to keep temperatures down during extremely hot summer days. Other methods had various important side benefits, but none were able to reduce outdoor urban heat to nearly the same level."

As the climate changes, residents within cities are particularly vulnerable to warming temperatures. Cities generally trap heat, inducing the Urban Heat Island effect that can lead to greater discomfort and mortality for residents during hot spells. Finding ways to adapt or mitigate these warming temperatures has become a high priority for city planners and designers, who have been exploring passive cooling methods like cool roofs, green roofs and expanded urban vegetation as well as active methods for building interiors like air con.




The study offered additional insights into urban heat management by comprehensively comparing several common passive and active heat mitigation actions.

By reflecting rather than absorbing heat, cool roofs have the dual benefit of not only cooling the outside urban environment but the inside of buildings as well.

Though on average the effect of green roofs was negligible, the researchers found that their effect on temperature varied significantly throughout the day. During the warmest times of day, the wide adoption of green roofs could lower urban temperatures by an average of 0.5 degrees C. However, this would be offset overnight as the thermal mass from the roofs would retain daytime heat, releasing when the sun was down and increasing night-time temperatures by about the same amount.

Converting city greenspaces from grass to deciduous tree cover would cool temperatures overnight but at best would have mixed net effects during the day. In addition, it would likely increase the amount of water vapour in the air, which would effectively increase the air humidity and could affect residents' thermal comfort.

The research was supported by Wellcome and NERC.
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Researchers capture never-before-seen view of gene transcription | ScienceDaily
Every living cell transcribes DNA into RNA. This process begins when an enzyme called RNA polymerase (RNAP) clamps onto DNA. Within a few hundred milliseconds, the DNA double helix unwinds to form a node known as the transcription bubble, so that one exposed DNA strand can be copied into a complementary RNA strand.


						
How RNAP accomplishes this feat is largely unknown. A snapshot of RNAP in the act of opening that bubble would provide a wealth of information, but the process happens too quickly for current technology to easily capture visualizations of these structures. Now, a new study in Nature Structural & Molecular Biology describes E. coli RNAP in the act of opening the transcription bubble.

The findings, captured within 500 milliseconds of RNAP mixing with DNA, shed light on fundamental mechanisms of transcription, and answer long-standing questions about the initiation mechanism and the importance of its various steps. "This is the first time anybody has been able to capture transient transcription complexes as they form in real time," says first author Ruth Saecker, a research specialist in Seth Darst's laboratory at Rockefeller. "Understanding this process is crucial, as it is a major regulatory step in gene expression."

An unprecedented view

Darst was the first to describe the structure of bacterial RNAP, and teasing out its finer points has remained a major focus of his lab. While decades of work have established that RNAP binding to a specific sequence of DNA triggers a series of steps that open the bubble, how RNAP separates the strands and positions one strand in its active site remains hotly debated.

Early work in the field suggested that bubble opening acts as a critical slowdown in the process, dictating how quickly RNAP can move onto RNA synthesis. Later results in the field challenged that view, and multiple theories emerged about the nature of this rate-limiting step. "We knew from other biological techniques that, when RNAP first encounters DNA, it makes a bunch of intermediate complexes that are highly regulated," says coauthor Andreas Mueller, a postdoctoral fellow in the lab. "But this part of the process can happen in less than a second, and we were unable to capture structures on such a short timescale."

To better understand these intermediate complexes, the team collaborated with colleagues at the New York Structural Biology Center, who developed a robotic, inkjet-based system that could rapidly prepare biological samples for cryo-electron microscopy analysis. Through this partnership, the team captured complexes forming in the first 100 to 500 milliseconds of RNAP meeting DNA, yielding images of four distinct intermediate complexes in enough detail to enable analysis.




For the first time, a clear picture of the structural changes and intermediates that form during the initial stages of RNA polymerase binding to DNA snapped into focus. "The technology was extremely important to this experiment," Saecker says. "Without the ability to mix DNA and RNAP quickly and capture an image of it in real-time, these results don't exist."

Getting into position

Upon examining these images, the team managed to outline a sequence of events showing how RNAP interacts with the DNA strands as they separate, at previously unseen levels of detail. As the DNA unwinds, RNAP gradually grips one of the DNA strands to prevent the double helix from coming back together. Each new interaction causes RNAP to change shape, enabling more protein-DNA connections to form. This includes pushing out one part of a protein that blocks DNA from entering RNAP's active site. A stable transcription bubble is thus formed.

The team proposes that the rate-limiting step in transcription may be the positioning of the DNA template strand within the active site of the RNAP enzyme. This step involves overcoming significant energy barriers and rearranging several components. Future research will aim to confirm this new hypothesis and explore other steps in transcription.

"We only looked at the very earliest steps in this study," Mueller says. "Next, we're hoping to look at other complexes, later time points, and additional steps in the transcription cycle."

Beyond resolving conflicting theories about how DNA strands are captured, these results highlight the value of the new method, which can capture molecular events happening within milliseconds in real-time. This technology will enable many more studies of this kind, helping scientists visualize dynamic interactions in biological systems.

"If we want to understand one of the most fundamental processes in life, something that all cells do, we need to understand how its progress and speed are regulated," says Darst. "Once we know that, we'll have a much clearer picture of how transcription begins."
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Poor health, stress in 20s takes toll in 40s with lower cognition | ScienceDaily
Higher inflammation in young adulthood linked to lower performance in skills testing in midlife.


						
Young adults who have higher levels of inflammation, which is associated with obesity, physical inactivity, chronic illness, stress and smoking, may experience reduced cognitive function in midlife, a new study out of UC San Francisco has found.

Researchers previously linked higher inflammation in older adults to dementia, but this is one of the first studies to connect inflammation in early adulthood with lower cognitive abilities in midlife.

"We know from long-term studies that brain changes leading to Alzheimer's disease and other dementias may take decades to develop," said first author Amber Bahorik, PhD, of the UCSF Department of Psychiatry and Behavioral Sciences and the Weill Institute for Neurosciences. "We wanted to see if health and lifestyle habits in early adulthood may play a part in cognitive skills in midlife, which in turn may influence the likelihood of dementia in later life."

In their study, publishing in Neurology on July 3, researchers found that only 10% of those with low inflammation performed poorly on testing of processing speed and memory, compared to 21% and 19%, respectively, of those with either moderate or higher levels of inflammation.

When researchers adjusted for factors like age, physical activity and total cholesterol, disparities remained in processing speed; and the researchers also found differences in executive functioning, which includes working memory, problem solving and impulse control.

The study followed 2,364 adults in the CARDIA study, which aims to identify the factors in young adulthood that lead to cardiovascular disease two-to-three decades later.




Participants were 18 to 30 years old when they entered the study and were tested four times over an 18-year period for the inflammatory marker C-reactive protein (CRP). They took the cognitive tests five years after their last CRP measurement, by which time most participants were in their forties and fifties.

About half the participants were female; a little under half were Black, and the rest were white. Some 45% had lower stable inflammation, while 16% had moderate or increasing inflammation; 39% had higher levels.

A link between inflammation and health risks

The researchers also linked higher levels of inflammation with physical inactivity, higher BMI and current smoking.

"Inflammation plays a significant role in cognitive aging and may begin in early adulthood," said senior author Kristine Yaffe, MD, a professor of psychiatry and behavioral sciences, neurology, and epidemiology and biostatistics at UCSF. "There is likely a direct and indirect effect of inflammation on cognition."

Yaffe is a member of the first team of experts to determine that 30% of dementia risk is preventable. Her recent research has looked at the association in midlife between fragmented sleep and lower cognition and the effects of personalized health and lifestyle changes in preventing memory loss in higher-risk older adults.

"Fortunately, there are ways to reduce inflammation -- such as by increasing physical activity and quitting smoking -- that might be promising paths for prevention," Yaffe said.
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Moon 'swirls' could be magnetized by unseen magmas | ScienceDaily
Lunar swirls are light-colored, sinuous features on the Moon's surface, bright enough to be visible from a backyard telescope. Some people think they look like the brushstrokes in an abstract painting. But these are not mere artistic flourishes: NASA images show that the tendrils from some lunar swirls extend for hundreds of miles.


						
Lunar swirls have defied easy explanation, but recent modeling and spacecraft data shed light on the twisty mystery. The data shows that rocks in the swirls are magnetized, and these rocks deflect or redirect solar wind particles that constantly bombard the Moon. Nearby rocks take the hit instead. Over time, neighboring rocks become darkened by chemical reactions caused by the collisions, while the swirls remain light colored.

But how did the rocks in lunar swirls get magnetized? The Moon does not have a magnetic field today. No astronaut or rover has yet visited a lunar swirl to investigate.

"Impacts could cause these types of magnetic anomalies," said Michael J. Krawczynski, an associate professor of earth, environmental and planetary sciences in Arts & Sciences at Washington University in St. Louis. He notes that meteorites regularly deliver iron-rich material to areas on the Moon's surface. "But there are some swirls where we're just not sure how an impact could create that shape and that size of thing."

Krawczynski believes it's more likely that something else has locally magnetized the swirls.

"Another theory is that you have lavas underground, cooling slowly in a magnetic field and creating the magnetic anomaly," said Krawczynski, who designed experiments to test this explanation. His results are published in the Journal of Geophysical Research: Planets.

Krawczynski and study first author Yuanyuan Liang, who recently earned her PhD in earth, environmental and planetary sciences in Arts & Sciences, measured the effects of different combinations of atmospheric chemistry and magmatic cooling rates on a mineral called ilmenite to see if they could produce a magnetizing effect.




"Earth rocks are very easily magnetized because they often have tiny bits of magnetite in them, which is a magnetic mineral," Krawczynski said. "A lot of the terrestrial studies that have focused on things with magnetite are not applicable to the Moon, where you don't have this hyper-magnetic mineral."

But ilmenite, which is abundant on the Moon, can also react and form particles of iron metal, which can be magnetized under the right conditions, Krawczynski and his team found.

"The smaller grains that we were working with seemed to create stronger magnetic fields because the surface area to volume ratio is larger for the smaller grains compared to the larger grains," Liang said. "With more exposed surface area, it is easier for the smaller grains to undergo the reduction reaction."

"Our analog experiments showed that at lunar conditions, we could create the magnetizable material that we needed. So, it's plausible that these swirls are caused by subsurface magma," said Krawczynski, who is a faculty fellow in the university's McDonnell Center for the Space Sciences.

Determining the origin of lunar swirls is considered key in understanding what processes have shaped the lunar surface, the history of a magnetic field on the Moon and even how the surfaces of planets and moons generally affect the space environment surrounding them.

This study will help interpret data acquired by future missions to the Moon, especially those that explore magnetic anomalies on the lunar surface. NASA intends to send a rover to the lunar swirl area known as Reiner Gamma in 2025 as part of the Lunar Vertex mission.

"If you're going to make magnetic anomalies by the methods that we describe, then the underground magma needs to have high titanium," Krawczynski said. "We have seen hints of this reaction creating iron metal in lunar meteorites and in lunar samples from Apollo. But all of those samples are surface lava flows, and our study shows cooling underground should significantly enhance these metal-forming reactions."

For now, his experimental approach is the best way to test predictions about how unseen lava may be driving the magnetic effects of the mysterious lunar swirls.

"If we could just drill down, we could see if this reaction was happening," Krawczynski said. "That would be great, but it's not possible yet. Right now, we're stuck with the surface."
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Scientists discover way to 'grow' sub-nanometer sized transistors | ScienceDaily
A research team led by Director JO Moon-Ho of the Center for Van der Waals Quantum Solids within the Institute for Basic Science (IBS) has implemented a novel method to achieve epitaxial growth of 1D metallic materials with a width of less than 1 nm. The group applied this process to develop a new structure for 2D semiconductor logic circuits. Notably, they used the 1D metals as a gate electrode of the ultra-miniaturized transistor.


						
Integrated devices based on two-dimensional (2D) semiconductors, which exhibit excellent properties even at the ultimate limit of material thickness down to the atomic scale, are a major focus of basic and applied research worldwide. However, realizing such ultra-miniaturized transistor devices that can control the electron movement within a few nanometers, let alone developing the manufacturing process for these integrated circuits, has been met with significant technical challenges.

The degree of integration in semiconductor devices is determined by the width and control efficiency of the gate electrode, which controls the flow of electrons in the transistor. In conventional semiconductor fabrication processes, reducing the gate length below a few nanometers is impossible due to the limitations of lithography resolution. To solve this technical problem, the research team leveraged the fact that the mirror twin boundary (MTB) of molybdenum disulfide (MoS2), a 2D semiconductor, is a 1D metal with a width of only 0.4 nm. They used this as a gate electrode to overcome the limitations of the lithography process.

In this study, the 1D MTB metallic phase was achieved by controlling the crystal structure of the existing 2D semiconductor at the atomic level, transforming it into a 1D MTB. This represents a significant breakthrough not only for next-generation semiconductor technology but also for basic materials science, as it demonstrates the large-area synthesis of new material phases through artificial control of crystal structures.

The International Roadmap for Devices and Systems (IRDS) by the IEEE predicts semiconductor node technology to reach around 0.5 nm by 2037, with transistor gate lengths of 12 nm. The research team demonstrated that the channel width modulated by the electric field applied from the 1D MTB gate can be as small as 3.9 nm, significantly exceeding the futuristic prediction.

The 1D MTB-based transistor developed by the research team also offers advantages in circuit performance. Technologies like FinFET or Gate-All-Around, adopted for the miniaturization of silicon semiconductor devices, suffer from parasitic capacitance due to their complex device structures, leading to instability in highly integrated circuits. In contrast, the 1D MTB-based transistor can minimize parasitic capacitance due to its simple structure and extremely narrow gate width.

Director JO Moon-Ho commented, "The 1D metallic phase achieved through epitaxial growth is a new material process that can be applied to ultra-miniaturized semiconductor processes. It is expected to become a key technology for developing various low-power, high-performance electronic devices in the future."
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A breakthrough in inexpensive, clean, fast-charging batteries | ScienceDaily
UChicago Pritzker Molecular Engineering Prof. Y. Shirley Meng's Laboratory for Energy Storage and Conversion has created the world's first anode-free sodium solid-state battery.


						
With this research, the LESC -- a collaboration between the UChicago Pritzker School of Molecular Engineering and the University of California San Diego's Aiiso Yufeng Li Family Department of Chemical and Nano Engineering -- has brought the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

"Although there have been previous sodium, solid-state, and anode-free batteries, no one has been able to successfully combine these three ideas until now," said UC San Diego PhD candidate Grayson Deysher, first author of a new paper outlining the team's work.

The paper, published today in Nature Energy, demonstrates a new sodium battery architecture with stable cycling for several hundred cycles. By removing the anode and using inexpensive, abundant sodium instead of lithium, this new form of battery will be more affordable and environmentally friendly to produce. Through its innovative solid-state design, the battery also will be safe and powerful.

This work is both an advance in the science and a necessary step to fill the battery scaling gap needed to transition the world economy off of fossil fuels.

"To keep the United States running for one hour, we must produce one terawatt hour of energy," Meng said. "To accomplish our mission of decarbonizing our economy, we need several hundred terawatt hours of batteries. We need more batteries, and we need them fast."

Sustainability and sodium

The lithium commonly used for batteries isn't that common. It makes up about 20 parts per million of the Earth's crust, compared to sodium, which makes up 20,000 parts per million.




This scarcity, combined with the surge in demand for the lithium-ion batteries for laptops, phones and EVs, have sent prices skyrocketing, putting the needed batteries further out of reach.

Lithium deposits are also concentrated. The "Lithium Triangle" of Chile, Argentina and Bolivia holds more than 75% of the world's lithium supply, with other deposits in Australia, North Carolina and Nevada. This benefits some nations over others in the decarbonization needed to fight climate change.

"Global action requires working together to access critically important materials," Meng said.

Lithium extraction is also environmentally damaging, whether from the industrial acids used to break down mining ore or the more common brine extraction that pumps massive amounts of water to the surface to dry.

Sodium, common in ocean water and soda ash mining, is an inherently more environmentally friendly battery material. The LESC research has made it a powerful one as well.

Innovative architecture

To create a sodium battery with the energy density of a lithium battery, the team needed to invent a new sodium battery architecture.




Traditional batteries have an anode to store the ions while a battery is charging. While the battery is in use, the ions flow from the anode through an electrolyte to a current collector (cathode), powering devices and cars along the way.

Anode-free batteries remove the anode and store the ions on an electrochemical deposition of alkali metal directly on the current collector. This approach enables higher cell voltage, lower cell cost, and increased energy density, but brings its own challenges.

"In any anode-free battery there needs to be good contact between the electrolyte and the current collector," Deysher said. "This is typically very easy when using a liquid electrolyte, as the liquid can flow everywhere and wet every surface. A solid electrolyte cannot do this."

However, those liquid electrolytes create a buildup called solid electrolyte interphase while steadily consuming the active materials, reducing the battery's usefulness over time.

A solid that flows

The team took a novel, innovative approach to this problem. Rather than using an electrolyte that surrounds the current collector, they created a current collector that surrounds the electrolyte.

They created their current collector out of aluminum powder, a solid that can flow like a liquid.

During battery assembly the powder was densified under high pressure to form a solid current collector while maintaining a liquid-like contact with the electrolyte, enabling the low-cost and high-efficiency cycling that can push this game-changing technology forward.

"Sodium solid-state batteries are usually seen as a far-off-in-the-future technology, but we hope that this paper can invigorate more push into the sodium area by demonstrating that it can indeed work well, even better than the lithium version in some cases," Deysher said.

The ultimate goal? Meng envisions an energy future with a variety of clean, inexpensive battery options that store renewable energy, scaled to fit society's needs.

Meng and Deysher have filed a patent application for their work through UC San Diego's Office of Innovation and Commercialization.

Funding: Funding to support this work was provided by the National Science Foundation through the Partnerships for Innovation (PFI) grant no. 2044465
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New study on children and food: Fruit chunks in yogurt are a turn off for one age group in particular | ScienceDaily
If you feel like your six-year-old has suddenly gotten extra fussy about the texture of their dinner, don't worry. It will pass. A new study from the University of Copenhagen's Department of Food Science demonstrates that at the age of six, children prefer to avoid crunch in their peanut butter, berries in jam and pieces of fruit in yogurt,


						
In the study, the researchers asked 485 children between the ages of five and twelve to choose between six different foods with and without lumps, seeds and pieces of fruit in them. The foods were bread, orange juice, peanut butter, strawberry jam, yogurt and tomato soup. The researchers showed children drawings of these foods both with and without lumps, and then asked them to choose between them.

In 76 percent of the instances, six-year-olds opted for foods without lumps, the highest preference rate observed across the age groups.

"The fact that children in general are not happy with too many lumps in food is probably something many people can recognize, but this is the first time that a scientific study has linked a specific age group, namely six-year-olds, so clearly to this food preference," says Dr. Ching Yue Chow, first author of the study.

To get answers that were as precise as possible, the researchers have used real foods to test how consistent children were in answering these questions in other studies.

Protection against dangerous foods

According to Ching Yue Chow, there may be an explanation for why children's fear of complex texture in food peaks around the age of six.




"Food neophobia is often described as the reluctance to eat new or unfamiliar foods. It is thought to be a protective function to prevent children from eating potentially poisonous foods or other dangerous things when they start to become more independent. Studies have reported that food neophobia starts from a low baseline at weaning. It increases sharply as a child becomes more mobile and independent, reaching a peak at around 6 or 7 years old.

As such, it makes sense that this particular group in our study does not like too many lumps in food, as it is at this age that they are most cautious when it comes to food," explains Ching Yue Chow.

The researchers also examined whether chunk size in food has anything to say. But here, they found no unequivocal answer.

"It seemed that the children generally had no problem in distinguishing different sizes of chunks when foods were in their mouths. For them, it's mostly about the presence or absence of chunks," says Ching Yue Chow.

However, despite there being a low point in the desire to eat food with chunks at the age of six, it gradually goes the other way in 7-12-year-olds, the study shows. And this is supported by our previous knowledge in advance of how children's food preferences mature with age.

"As children reach school age, they may become more influenced by classmates and others within their circle to try new types of food and have more of a desire to expand their horizons. We can also see that the proportion that would like to have food with chunks in food grows in concert with their age in the study," says Ching Yue Chow.




New dishes may need to be introduced 8-15 times

And according to the researcher, the "anti-chunk phase" that 6-year-olds have, you have to accept as a parent, although it can be frustrating when the kids don't want to eat the food they're served. But that can easily change once they're past the critical age of six. You just have to keep trying -- often up to 15 times, the recommendation goes:

"A lot of research on children and foods shows that repeated exposures to new dishes have a positive effect on whether they'll bother eating them. Specifically, it is about giving children the opportunity to taste new food while there is something on the plate that they already know. Often they need to be presented with the new dish 8-15 times before they develop preference for it, but persistence pays off," explains Ching Yue Chow.

Furthermore, it' a good idea to avoid compulsions and rewards for children to eat their vegetables.

"Rewarding a child with an ice cream if they eat their broccoli, is a very short-term strategy. Because the moment you remove the ice cream, they don't want to eat the healthy foods. At the same time, you shouldn't pressure a child or try to force them to eat certain things, because you risk that they will eat the new food even less than before because they associate it with something negative," says Ching Yue Chow.

The new research results shed more light on the food preferences of children between the ages of five and twelve, which the researcher hopes can make parents and the food industry wiser about our relationships with food.

"It is important to understand the underlying psychology of children when you, as a parent, serve them food and when you as a company develop new products to avoid children becoming unnecessarily picky. Here, I hope that our study can serve as an inspiration to parents and those who develop new food products," concludes Ching Yue Chow.

The 6-year-olds like lumps in their food the least:

About the study:
    	The research was carried out in a close collaboration between Future Consumer Lab, Department of Food Science, University of Copenhagen and the CASS Food Research Centre at Deakin University, Australia.
    	The researchers behind the study are: Ching Yue Chow, Anne C. Bech, Annemarie Olsen, Russell Keast, Catherine G. Russell and Wender L.P. Bredie.
    	The study involved 485 Australian children aged 5-12 years.
    	The study is funded by Innovation Fund Denmark and Arla Foods.
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Chemists synthesize an improved building block for medicines | ScienceDaily
Chemists have overcome a major hurdle in synthesizing a more stable form of heterocycle -- a family of organic compounds that are a common component of most modern pharmaceuticals.


						
The research, which could expand the toolkit available to drug developers in improving the safety profiles of medications and reducing side effects, was published in Science by organic chemists at the University of British Columbia (UBC), the Massachusetts Institute of Technology (MIT), and the University of Michigan.

"Azetidines are a particularly useful, stable form of heterocycle, but synthesizing them has been incredibly challenging," says Dr. Corinna Schindler, Canada Research Chair in synthetic solutions for bioactive compounds at UBC and senior author on the paper.

Heterocycles play a major role in the design of modern drug families -- including cancer drugs and antibiotics. Some reviews indicate 85 per cent of all biologically active chemical entities contain a heterocycle.

But many heterocycles currently used in pharmaceutical design tend to oxidize under physiological conditions. This can lead to off-target effects and challenges with the safety profiles of medications.

Azetidines -- organic compounds that contain three carbon atoms and one nitrogen atom, and are liquid at room temperature -- are known to be metabolically robust and don't undergo oxidation reactions under physiological conditions.

"This is something that synthetic organic chemists have tried to achieve for a long time, and we're hopeful this will enable researchers to develop new synthetic transformations of azetidines with more useful chemical and medical functions," says Dr. Schindler, whose lab conducted the research at the University of Michigan with graduate student Emily Wearing and in conjunction with Dr. Heather Kulik's lab at the Massachusetts Institute of Technology.

The team used light-driven reactions and a computational approach to the problem and for the first time were able to engage compounds called imines productively in reactions to form new azetidines.
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Machine learning could aid efforts to answer long-standing astrophysical questions | ScienceDaily
In an ongoing game of cosmic hide and seek, scientists have a new tool that may give them an edge. Physicists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) have developed a computer program incorporating machine learning that could help identify blobs of plasma in outer space known as plasmoids. In a novel twist, the program has been trained using simulated data.


						
The program will sift through reams of data gathered by spacecraft in the magnetosphere, the region of outer space strongly affected by Earth's magnetic field, and flag telltale signs of the elusive blobs. Using this technique, scientists hope to learn more about the processes governing magnetic reconnection, a process that occurs in the magnetosphere and throughout the universe that can damage communications satellites and the electrical grid.

Scientists believe that machine learning could improve plasmoid-finding capability, aid the basic understanding of magnetic reconnection and allow researchers to better prepare for the aftermath of reconnection-caused disturbances.

"As far as we know, this is the first time that anyone has used artificial intelligence trained on simulated data to look for plasmoids," said Kendra Bergstedt, a graduate student in the Princeton Program in Plasma Physics, which is based at PPPL. Bergstedt was the first author of the paper reporting the results in Earth and Space Science. The work pairs the Lab's growing expertise in computational sciences with its long history of exploring magnetic reconnection.

Looking for a link

Scientists want to find reliable, accurate methods for detecting plasmoids so they can determine whether they affect magnetic reconnection, a process consisting of magnetic field lines separating, violently reattaching and releasing tremendous amounts of energy. When it occurs near Earth, reconnection can trigger a cascade of charged particles falling into the atmosphere, disrupting satellites, mobile phones and the electrical grid. "Some researchers believe that plasmoids aid fast reconnection in large plasmas," said Hantao Ji, professor of astrophysical sciences at Princeton University and a distinguished research fellow at PPPL. "But those hypotheses haven't been proven yet."

The researchers want to know whether plasmoids can change the rate at which reconnection occurs. They also want to gauge how much energy reconnection imparts to the plasma particles. "But to clarify the relationship between plasmoids and reconnection, we have to know where the plasmoids are," Bergstedt said. "That's what machine learning could help us do."

The scientists used computer-generated training data to ensure the program could recognize a range of plasma signatures. Typically, plasmoids created by computer models are idealized versions based on mathematical formulas with shapes -- like perfect circles -- that do not often occur in nature. If the program were trained only to recognize these perfect versions, it might miss those with other shapes. To prevent those misses, Bergstedt and Ji decided to use artificial, deliberately imperfect data so the program would have an accurate baseline for future studies. "Compared to mathematical models, the real world is messy," Bergstedt said. "So we decided to let our program learn using data with fluctuations that you would get in actual observations. For instance, rather than beginning our simulations with a perfectly flat electrical current sheet, we give our sheet some wobbles. We're hoping that the machine learning approach can allow for more nuance than a strict mathematical model can." This research builds on past attempts in which Bergstedt and Ji wrote computer programs that incorporated more idealized models of plasmoids.




The use of machine learning will only become more common in astrophysics research, according to the scientists. "It could particularly be helpful when making extrapolations from small numbers of measurements, as we sometimes do when studying reconnection," said Ji. "And the best way to learn how to use a new tool is to actually use it. We don't want to stand on the sidelines and miss an opportunity."

Bergstedt and Ji plan to use the plasmoid-detecting program to examine data being gathered by NASA's Magnetospheric Multiscale (MMS) mission. Launched in 2015 to study reconnection, MMS consists of four spacecraft flying in formation through plasma in the magnetotail, the area in space pointing away from the sun that is controlled by Earth's magnetic field.

The magnetotail is an ideal place to study reconnection because it combines accessibility with scale. "If we study reconnection by observing the sun, we can only take measurements from afar," Bergstedt said. "If we observe reconnection in a laboratory, we can put our instruments directly into the plasma, but the sizes of the plasmas would be smaller than those typically found in space." Studying reconnection in the magnetotail is an ideal middle option. "It's a large and naturally occurring plasma that we can measure directly using spacecraft that fly through it," Bergstedt said.

As Bergstedt and Ji improve the plasmoid-detecting program, they hope to take two significant steps. The first is performing a procedure known as domain adaptation, which will help the program analyze datasets that it has never encountered before. The second step involves using the program to analyze data from the MMS spacecraft. "The methodology we demonstrated is mostly a proof of concept since we haven't aggressively optimized it," Bergstedt said. "We want to get the model working even better than it is now, start applying it to real data and then we'll just go from there!"

This research was supported by the DOE's Fusion Energy Sciences program under contract DE-AC0209CH11466, by NASA under grants NNH15AB29I and 80HQTR21T0105, and by the National Science Foundation Graduate Research Fellowship under grant DGE-2039656.
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Pasteurization inactivates highly infectious avian flu in milk, study suggests | ScienceDaily
In March 2024, dairy cows in Texas were found to be infected with highly pathogenic avian flu, or H5N1 bird flu, in the first known case of the virus spreading to cattle. Since then, H5N1 has been found in about 200 animals -- and 3 people -- across 12 states, according to the Centers for Disease Control and Prevention. The virus was soon detected in raw milk, leading researchers to investigate whether dairy products pose a risk to consumers.


						
"How far is the virus getting through?" asked Erica Spackman, Ph.D., a virologist at the U.S. Department of Agriculture (USDA) in Athens, Ga. To find out, she and her collaborators tested nearly 300 milk products from 132 processors.

The researchers found no infectious virus in the samples, Spackman and her collaborators report this week in the Journal of Virology, a journal of the American Society for Microbiology. "Milk is safe," she said. "Just like bacterial pathogens that occur in milk, or other viruses that could occur in milk, the sanitation processes that are in place are getting rid of the pathogens."

The milk processing pipeline includes multiple layers of protection, Spackman said. Microbiological surveillance of milk products can identify pathogens, and milk from cows with mastitis or other disease conditions does not enter the food supply. Finally, heating during the pasteurization process can destroy H5N1 and other, more common bacterial pathogens.

Bird flu primarily infects and spreads among migratory birds and can be transmitted to domestic poultry, but the virus has been detected in other animals as well. Recently, those have included cats, dogs and juvenile goats, as well as a polar bear in Alaska and elephant and fur seals in the Antarctic. However, the discovery of H5N1 on dairy farms in March was a surprise -- the virus had never been found in dairy cattle before.

Soon after the discovery, diagnostic testing revealed that an infectious form of the virus was present in raw milk, suggesting the virus passes from cow to milk. That finding led the U.S. Food and Drug Administration and the USDA to investigate whether pasteurization effectively eliminated risks posed to consumers. Between April 18 and April 22, 2024, researchers used real-time PCR to analyze 297 samples of pasteurized retail milk products, including 23 types of products, collected from 17 states.

"We did a viability assay to detect live virus and went as sensitive as we could to get even the least little bit of virus, but couldn't detect anything," Spackman said. Using PCR, the researchers did identify viral genetic material in 20% of samples. "It looks like the virus is just totally inactivated," she said.

Spackman said the new findings "give us reassurance that what we have been doing -- pasteurization -- is keeping us safe from what we don't know about."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240703131735.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mechanism of bio-inspired control of liquid flow | ScienceDaily
The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research believed that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, The Hong Kong Polytechnic University (PolyU) researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials, including applications that require multistep and repeated reactions, such as microassays, medical diagnosis and solar desalination etc. The study has been recently published in the international academic journal Science.


						
Liquid transport is an unsung miracle of nature. Tall trees, for example, have to lift huge amounts of water every day from their roots to their highest leaves, which they accomplish in perfect silence. Some lizards and plants channel water through capillaries. In the desert, where making the most of scarce moisture is vital, some beetles can capture fog-borne water and direct it along their backs using a chemical gradient.

Scientists have long sought to hone humankind's ability to move liquids directionally. Applications as diverse as microfluidics, water harvesting, and heat transfer depend on the efficient directional transport of water, or other fluids, at small or large scales. While the above species provide nature-based inspiration, they are limited to moving liquids in a single direction. A research team led by Prof. WANG Liqiu, Otto Poon Charitable Foundation Professor in Smart and Sustainable Energy, Chair Professor of Thermal-Fluid and Energy Engineering, Department of Mechanical Engineering of PolyU, has discovered that the succulent plant Crassula muscosa, native to Namibia and South Africa, can transport liquid in selected directions.

Together with colleagues from the University of Hong Kong and Shandong University, the PolyU researchers noticed that when two separate shoots of the plant were infused with the same liquids, the liquids were transported in opposite directions. In one case, the liquid travelled exclusively towards the tip, whereas the other shoot directed the flow straight to the plant root. Given the arid but foggy conditions in which C. muscosa lives, the ability to trap water and transport it in selected directions is a lifeline for the plant.

As the shoots were held horizontally, gravity can be ruled out as the cause of the selective direction of transport. Instead, the plant's special properties stem from the tiny leaves packed onto its shoots. Also known as "fins," they have a unique profile, with a swept-back body (resembling a shark's fin) tapering to a narrow ending that points to the tip of the plant. The asymmetry of this shape is the secret to C. muscosa's selective directional liquid transport. It all has to do with manipulating the meniscus -- the curved surface on top of a liquid.

Specifically, the key lies in subtle differences between the fin shapes on different shoots. When the rows of fins bend sharply towards the tip, the liquid on the shoot also flows in that direction. However, on a shoot whose fins -- although still pointing at the tip -- have a more upward profile, the direction of movement is instead to the root. The flow direction depends on the angles between the shoot body and the two sides of the fin, as these control the forces exerted on droplets by the meniscus -- blocking flow in one direction and sending it in the other.

Armed with this understanding of how the plant directs liquid flow, the team created an artificial mimic. Dubbed CMIAs, for 'C. muscosa-inspired arrays', these 3D-printed fins act like the tilted leaves of C. muscosa, controlling the orientation of liquid flow. Cleverly, while the fins on a natural plant shoot are immobile, the use of a magnetic material for artificial CMIAs allows them to be reoriented at will. Simply by applying a magnetic field, the liquid flow through a CMIA can be reversed. This opens up the possibility of liquid transport along dynamically changing paths in industrial and laboratory settings. Alternatively, flow could be redirected by changing the spacing between fins.

Numerous areas of technology stand to benefit from CMIAs. Prof. Wang said, "There are foresee applications of real-time directional control of fluid flow in microfluidics, chemical synthesis, and biomedical diagnostics. The biology-mimicking CMIA design could also be used not just for transporting liquids but for mixing them, for example in a T-shaped valve. The method is suited to a range of chemicals and overcomes the heating problem found in some other microfluidic technologies."
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Early-onset El Nino means warmer winters in East Asia, and vice versa | ScienceDaily
The phenomenon known as El Nino can cause abnormal and extreme climate around the world due to it dramatically altering the normal flow of the atmosphere. In Japan, historical data has shown that El Nino years tend to lead to warmer winters. This case was exemplified recently with Japan's warm 2023-2024 winter season. However, there have also been cases of cold winters in Japan during El Nino years, such as the one recorded in 2014-2015. Yet, it was unclear as to why this was occurring.


						
Publishing in the Journal of Climate, researchers from Kyushu University's Research Institute for Applied Mechanics have found that the early onset of El Nino around June leads to warm winter climates in East Asia, while the late onset of El Nino is associated with colder winters. The team hopes that their results can help better model winter climate patterns in East Asia during El Nino years, and lead to more accurate long-term climate predictions.

El Nino is a climate pattern characterized by the warming of the tropical eastern Pacific Ocean caused by the weakening of equatorial trade winds that blow from the western coast of South America to the Philippines and Indonesia. In regular years, these trade winds would push the ocean's warmer waters westward leading to cooler waters rising in the east. These warmer western waters drive atmospheric convection generating clouds and rain.

"Each El Nino is individually unique, and no two El Ninos are exactly alike," explains Post-doctoral Fellow Masahiro Shiozaki who authored the study. "Naturally, these differences lead to a variety of abnormal global climate patterns. To better predict regional weather and climate during El Nino, it is important to know how and where the atmosphere changes."

Shiozaki highlighted a case in Japan during the winter of 2023-2024. This was an El Nino year, and in Japan that tends to mean a warmer winter. And in fact, the winter of 2023-2024 was inordinately warm. However, this was not always the case. In the El Nino year of 2014-2015, Japan's winter was colder than average.

"Japanese winters are also influenced by the Arctic as well as strong natural variability inherent to the atmosphere. Because of these various effects, it has been challenging to identify how El Nino determines warm or cold winters in East Asia," continues Shiozaki. "To address this issue, we simulated the weather patterns of the past 61 years in 100 different ways by adding perturbations to the weather patterns. In this simulation, 1700 El Nino events occurred, and we calculated how the atmosphere changed each time. This method allowed us to reduce any atmospheric noise in the data, giving us a clearer view of El Nino's direct impact."

The team's analysis found that it was not only El Nino, but also an anomalous warming of the tropical Indian Ocean that led to warmer East Asian winters. The early onset of El Nino around June effectively warmed the Indian Ocean from summer to winter. This ocean warming suppressed atmospheric convection over the tropical western Pacific, resulting in less rainfall and atmospheric heating.

"The resulting reduction in atmospheric heating excited atmospheric waves that propagated into the western North Pacific, forming an anomalous anticyclonic circulation southeast of Japan," Shiozaki explains. "Anomalous south-easterly winds from this circulation pattern weakened the northwesterly winter monsoon from the continent, leading to the warm winter climate in East Asia. On the other hand, cold Japanese winters are associated with a late onset of El Nino and no significant warming of the Indian Ocean."

The team hopes their new findings will be utilized by researchers and meteorologists to better predict climate patterns months in advance, especially during active El Nino phases.

"The influence of global warming is clear in the recent trend of warmer winters worldwide. The effects of rising water temperatures are especially evident in the Indian Ocean," concludes Professor Hiroki Tokinaga who led the research team. "Further research is needed to determine how global warming and other tropical climate phenomena will change future winters in East Asia."
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Measuring body language | ScienceDaily
Is it possible to decode how we feel from our movements? How can emotions be studied "from the outside" by using empirical methods? To answer these questions, a large international and interdisciplinary research team led by the Max Planck Institute for Empirical Aesthetics (MPIEA) in Frankfurt am Main, Germany, has developed an integrative scientific methodology. Using artistic and digital means such as motion capture technology, the researchers developed the EMOKINE software to measure the objective kinematic features of movements that express emotions. The results of the study have recently been published in the journal Behavior Research Methods.


						
The team had a professional dancer repeat short dance choreographies in front of a green screen. She was asked to express different emotions through her movements: anger, contentment, fear, happiness, neutrality, and sadness. To capture the dance movements as "data," the scientists dived into the MPIEA's technology pool: the dancer wore a full-body motion capture suit from XSENS(r), equipped with a total of 17 highly sensitive sensors. In combination with a film camera, the dynamic body movements were measured and recorded. The researchers then extracted the objective kinematic characteristics (movement parameters) and programmed the software EMOKINE, which provides these movement parameters from data sets at the touch of a button.

Computerized Tracking for Whole-Body Movement

A total of 32 statistics from 12 movement parameters were compiled and extracted from a pilot dance dataset. The kinematic parameters recorded were, for example, speed, acceleration, or contraction of the limbs.

"We identified 12 kinematic features of emotional whole-body movements that have been discussed separately in the literature about previous research. We then extracted all of them from one same data set, and subsequently fed the features into the EMOKINE software," reports first author Julia F. Christensen of the MPIEA.

Movement tracking has been used in many areas in recent years because the objective recording of movement parameters can provide insights into people's intentions, feelings and state of mind. However, this research requires a theory-based methodology so meaningful conclusions can be drawn from the recorded data.

"This work shows how artistic practice, psychology, and computer science can work together in an ideal way to develop methods for studying human cognition," says co-first author Andres Fernandez of the Max Planck Institute for Intelligent Systems in Tubingen, Germany.




The methodological framework that accompanies the software package, and which explicitly uses dance movements to study emotions, is a departure from previous research approaches, which have often used video clips of "emotional actions," such as waving hands or walking.

"We are particularly excited about the publication of this work, which involved so many experts, for example from the Goethe University Frankfurt am Main, the University of Glasgow, and a film team from WiseWorld Ai, Portugal. It brought together disciplines from psychology, neuroscience, computer science, and empirical aesthetics, but also from dance and film," summarizes senior author Gemma Roig, Professor of Computer Science, Computational Vision, and AI Lab at Goethe University.

The Open-Source Software Package

EMOKINE is freely available on ZENODO and GitHub and can be adapted to other motion capture systems with minor modifications. These freely available digital tools can be used to analyze the emotional expression of dancers and other groups of artists, and also everyday movements.

The researchers now hope that the EMOKINE software they have developed will be used in experimental psychology, affective neuroscience, and in computer vision -- especially in AI-assisted analysis of visual media, a branch of AI that enables computers and systems to extract meaningful information from digital images, videos, and other visual inputs. EMOKINE will help scientists answer research questions about how kinematic parameters of whole-body movements convey different intentions, feelings, and states of mind to the observer.
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Blue and great tits deploy surprisingly powerful memories to find food | ScienceDaily
Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging.


						
The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

Episodic memory is a memory system involving the conscious recollection of personally experienced events. Many psychologists believe that episodic memory is uniquely human but a growing body of evidence suggests that many non-human animals possess episodic-like memory.

Published today in Current Biology, the study by researchers from the University of Cambridge and the University of East Anglia enabled 94 wild, free-living blue and great tits to take part in a series of memory tasks. These tasks involved automated food containers and a new software program that created unique experiences for individual birds, and tracked each bird's behaviour after they formed a memory.

The birds had previously been fitted with unique radio frequency tracking tags on their legs so that when they landed on the feeder's special perch, this read their tag, and custom-built programs released (or did not release) food through an electronic door, according to experimental rules with unique timed events specific to each individual bird.

The experiment focused on blue tits and great tits partly because they are opportunistic foragers feeding on a wide range of food types, and may benefit from being able to recall ecological details from a single experience as this would permit flexible decision-making.

"These findings provide the first evidence for episodic-like memory in the wild and show that blue and great tits have a more flexible memory system than we used to assume," said first author James Davies, from the University of Cambridge's Comparative Cognition Lab.




"Previous studies on episodic-like memory have involved bigger-brained bird species, corvids, which hide food. This study focuses on smaller brained more generalist birds that don't hide their food. Our findings suggest these birds are more intelligent than they've been given credit for."

Senior author Dr Gabrielle Davidson from the University of East Anglia said: "The birds were behaving naturally in a familiar environment, so we captured something more realistic than if the birds had been captive. It was remarkable to see these birds performed well in our memory tasks while also experiencing a bunch of other memories out in the wild.

"For us, field research is challenging because the birds are completely free not to take part in our experiments and just fly away, but we've shown this type of intelligence test in the wild works."

Nicola Clayton, Professor of Comparative Cognition at the University of Cambridge, an author of the study and James Davies' PhD supervisor, said:

"It is fascinating that these non-caching species of birds showed episodic-like memory using two independent tests. When I began this research in the late 1990s, most psychologists assumed that the ability to remember the 'what, where and when' of unique past events was uniquely human. The initial findings in scrub-jays showed that this was not the case. Subsequent research suggests that this ability is much more widespread in the animal kingdom than we previously thought."

The researchers suggest that having a more flexible memory could help these birds cope with further environmental stress and fluctuation influenced by climate change.




James Davies said: "This type of memory would allow them to flexibly react to new conditions and combine this information with their original memory to make decisions. So whether they're thinking about fruit ripening or caterpillars emerging, that's a powerful ability to have when things get tough."

The study also might suggest that humans leaving out food for garden birds could be one factor contributing to the evolution of these memory traits, just as these birds have evolved beak adaptations in response to increased reliance on garden feeders.

Dr Gabrielle Davidson said: "It is possible that these birds are picking up on and remembering our routines in terms of when we top up bird feeders. This needs further study."

The tests

To assess 'what-where-when' memory, the researchers adapted an existing study design -- developed by Nicola Clayton and Anthony Dickinson -- to simulate a realistic foraging scenario in which two food items -- sunflower seeds and peanut pieces -- ran out and replenished at different rates. The foods were selected having already proven that great and blue tits prefer sunflower seeds to peanut pieces.

The birds were given time to learn the 'temporal feeder' rules before the tests began. When an individual was first detected on the 'preferred' sunflower seed feeder, this triggered a 2-hour period of availability to that bird. After that point, a 'replenish period' began and the feeder door remained closed to that individual until the following day.

To pass the memory test, birds have to remember the details of this experience and apply it to new situations. This means that when they come back to the feeders 2 hours later, they should remember they had already eaten their favourite food, and that only their less preferred food is currently available.

This research shows great tits and blue tits make this switch, without having to check if their favourite food is available. This switch in behaviour, based on previous experience, is what indicates these birds use episodic-like memory -- comparable to studies involving captive rodents, dogs, corvids, cephalopods and non-human primates.

Only a bird's first choice after each interval was counted to ensure that their critical choice regarding which feeder to visit was based on a memory of their first visit of the day, rather than a reaction to a non-rewarding feeder (i.e., a win-stay/lose-shift strategy).

An advantage for juvenile birds

In a different task, the researchers tested birds on their ability to recall 'incidental details' of feeders to locate food.

In a 'where' test, the feeders were arranged in a triangle and in a straight line. In the 'which' test, each feeder was painted a different colour (yellow, red or blue) or pattern (black stripes, wavy lines, or spots on a white background).

While most birds passed the 'where' test, in the 'which' test only the juveniles recalled visual clues to help them access food.

James Davies said: "We didn't expect that finding. We already know juvenile blue tits and great tits have to be more innovative in their foraging because adults outcompete them and monopolise food, which may help to explain our own findings. As blue tits and great tits gain experience, perhaps they start to rely less on visual information and more on spatial information."

Professor Clayton said: "The next step is to test whether individual birds that are better at using their episodic-like memory have enhanced reproductive success, in which case we would expect that memory system to evolve in response to more challenging environmental conditions."

Funding

The study received financial support from the University of Cambridge.

Dr Gabrielle Davidson was funded by an Isaac Newton Trust and Leverhulme Early Career Fellowship (ECF-2018-700).
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Giant salamander-like creature was a top predator in the ice age before the dinosaurs | ScienceDaily
Forty million years before the first dinosaurs evolved, a ferocious predator lurked in swampy waters. Its skull alone was over two feet long. It lay in wait, its jaws open wide, preparing to clamp down its interlocking jaws on any prey unwise enough to swim past. Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. Scientists described the newly-discovered fossil in a paper in the journal Nature.


						
"Gaiasia jennyae was considerably larger than a person, and it probably hung out near the bottom of swamps and lakes. It's got a big, flat, toilet seat-shaped head, which allows it to open its mouth and suck in prey. It has these huge fangs, the whole front of the mouth is just giant teeth," says Jason Pardo, an NSF postdoctoral fellow at the Field Museum in Chicago and the co-lead author of the Nature study. "It's a big predator, but potentially also a relatively slow ambush predator."

The fossil is named for the Gai-as Formation in Namibia where it was found, and for Jenny Clack, a paleontologist who specialized in the evolution of early tetrapods -- the four-limbed vertebrates that evolved from lobe-finned fishes and gave rise to amphibians, reptiles, birds, and mammals.

Pardo's co-lead author, Claudia Marsicano of the University of Buenos Aires and her colleagues found the fossil. "When we found this enormous specimen just lying on the outcrop as a giant concretion, it was really shocking. I knew just from seeing it that it was something completely different. We were all very excited," said Marsicano. "After examining the skull, the structure of the front of the skull caught my attention. It was the only clearly visible part at that time, and it showed very unusually interlocking large fangs, creating a unique bite for early tetrapods."

The team unearthed several specimens, including one with a well-preserved, articulated skull and spine. "We had some really fantastic material, including a complete skull, that we could then use to compare with other animals from this age and get a sense of what this animal was and what makes it unique," says Pardo. It turns out, there's a lot about the creature that makes it special.

While today, Namibia is just north of South Africa, it was even further south 300 million years ago. It was near the 60th parallel, almost even with the northernmost point of Antarctica today. And at that time, the Earth was nearing the end of an ice age. The swampy land near the equator was drying up and becoming more forested, but closer to the poles, the swamps remained, potentially alongside patches of ice and glaciers.

In the warmer, drier parts of the world, animals were evolving to new forms. Early four-legged vertebrates, called stem tetrapods, branched out and split into lineages that would one day become mammals, reptiles, and amphibians. But on the fringes, in places like what's now Namibia, more ancient forms remained.

"Gaiasia is a stem tetrapod -- it's a holdover from that earlier group, before they evolved and split into the groups that would become mammals and birds and reptiles and amphibians, which are called crown tetrapods," says Pardo. "It's really, really surprising that Gaiasia is so archaic. It was related to organisms that went extinct probably 40 million years prior."

What's more, for an oddball holdover from an even more ancient time, Gaiasia seemed to be doing pretty well for itself. "There are some other more archaic animals still hanging on 300 million years ago, but they were rare, they were small, and they were doing their own thing," says Pardo. "Gaiasia is big, and it is abundant, and it seems to be the primary predator in its ecosystem."

And while Gaiasia jennyae is just one species, it yields big-picture information for paleontologists studying how the world was changing during the Permian period. "It tells us that what was happening in the far south was very different from what was happening at the Equator. And that's really important because there were a lot of groups of animals that appeared at this time that we don't really know where they came from," says Pardo. "The fact that we found Gaiasia in the far south tells us that there was a flourishing ecosystem that could support these very large predators. The more we look, we might find more answers about these major animal groups that we care about, like the ancestors of mammals and modern reptiles."
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Experimental drug supercharges medicine that reverses opioid overdose | ScienceDaily
The ongoing opioid epidemic in the U.S. kills tens of thousands of people every year. Naloxone, sold under the brand name Narcan, has saved countless lives by reversing opioid overdoses. But new and more powerful opioids keep appearing, and first responders are finding it increasingly difficult to revive people who overdose.


						
Now, researchers have found an approach that could extend naloxone's lifesaving power, even in the face of ever-more-dangerous opioids. A team of researchers from Washington University School of Medicine in St. Louis, Stanford University and the University of Florida have identified potential drugs that make naloxone more potent and longer lasting, capable of reversing the effects of opioids in mice at low doses without worsening withdrawal symptoms. The study is published July 3 in Nature.

"Naloxone is a lifesaver, but it's not a miracle drug; it has limitations," said co-senior author Susruta Majumdar, PhD, a professor of anesthesiology at Washington University. "Many people who overdose on opioids need more than one dose of naloxone before they are out of danger. This study is a proof of concept that we can make naloxone work better -- last longer and be more potent -- by giving it in combination with a molecule that influences the responses of the opioid receptor."

Opioids such as oxycodone and fentanyl work by slipping inside a pocket on the opioid receptor, which is found primarily on neurons in the brain. The presence of opioids activates the receptor, setting off a cascade of molecular events that temporarily alters how the brain functions: reducing the perception of pain, inducing a sense of euphoria and slowing down breathing. It is this suppression of breathing that makes opioids so deadly.

The molecular compound described in the paper is a so-called negative allosteric modulator (NAM) of the opioid receptor. Allosteric modulators are a hot area of research in pharmacology, because they offer a way to influence how the body responds to drugs by fine-tuning the activity of drug receptors rather than the drugs themselves. Co-author Vipin Rangari, PhD, a postdoctoral fellow in the Majumdar lab, did the experiments to chemically characterize the compound.

Naloxone is an opioid, but unlike other opioids, its presence in the binding pocket doesn't activate the receptor. This unique feature gives naloxone the power to reverse overdoses by displacing problematic opioids from the pocket, thereby deactivating the opioid receptor. The problem is that naloxone wears off before other opioids do. For example, naloxone works for about two hours, while fentanyl can stay in the bloodstream for eight hours. Once naloxone falls out of the binding pocket, any fentanyl molecules that are still circulating can re-attach to and re-activate the receptor, causing the overdose symptoms to return.

The research team -- led by co-senior authors Majumdar; Brian K. Kobilka, PhD, a professor of molecular and cellular physiology at Stanford University; and Jay P. McLaughlin, PhD, a professor of pharmacodynamics at the University of Florida -- set out to find NAMs that strengthen naloxone by helping it stay in the binding pocket longer and suppress the activation of the opioid receptor more effectively.




To do so, they screened a library of 4.5 billion molecules in the lab in search of molecules that bound to the opioid receptor with naloxone already tucked into the receptor's pocket. Compounds representing several molecular families passed the initial screen, with one of the most promising dubbed compound 368. Further experiments in cells revealed that, in the presence of compound 368, naloxone was 7.6 times more effective at inhibiting the activation of the opioid receptor, partly because naloxone stayed in the binding pocket at least 10 times longer.

"The compound itself doesn't bind well without naloxone," said Evan O'Brien, PhD, the lead author on the study and a postdoctoral scholar in Kobilka's lab at Stanford. "We think naloxone has to bind first, and then compound 368 is able to come in and cap it in place."

Even better, compound 368 improved naloxone's ability to counteract opioid overdoses in mice and enabled naloxone to reverse the effects of fentanyl and morphine at 1/10th the usual doses.

However, people who overdose on opioids and are revived with naloxone can experience withdrawal symptoms such as pain, chills, vomiting and irritability. In this study, while the addition of compound 368 boosted naloxone's potency, it did not worsen the mice's withdrawal symptoms.

"We have a long way to go, but these results are really exciting," McLaughlin said. "Opioid withdrawal likely won't kill you, but they're so severe that users often resume taking opioids within a day or two to stop the symptoms. The idea that we can rescue patients from overdose with reduced withdrawal might just help a lot of people."

Compound 368 is just one of several molecules that show potential as NAMs of the opioid receptor. The researchers have filed a patent on the NAMs, and are working on narrowing down and characterizing the most promising candidates. Majumdar estimates that it will be 10 to 15 years before a naloxone-enhancing NAM is brought to market.

"Developing a new drug is a very long process, and in the meantime new synthetic opioids are just going to keep on coming and getting more and more potent, which means more and more deadly," Majumdar said. "Our hope is that by developing a NAM, we can preserve naloxone's power to serve as an antidote, no matter what kind of opioids emerge in the future."
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Mapping the surfaces of MXenes, atom by atom, reveals new potential for the 2D materials | ScienceDaily
In the decade since their discovery at Drexel University, the family of two-dimensional materials called MXenes has shown a great deal of promise for applications ranging from water desalination and energy storage to electromagnetic shielding and telecommunications, among others. While researchers have long speculated about the genesis of their versatility, a recent study led by Drexel and the University of California, Los Angeles, has provided the first clear look at the surface chemical structure foundational to MXenes' capabilities.


						
Using advanced imaging techniques, known as scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS), the team, which also includes researchers from California State University Northridge, and Lawrence Berkeley National Laboratory, mapped the electrochemical surface topography of the titanium carbide MXene -- the most-studied and widely used member of the family. Their findings, published in the 5th anniversary issue of the Cell Press journal Matter, will help to explain the range of properties exhibited by members of the MXene family and allow researchers to tailor new materials for specific applications.

"Much of MXenes' potential results from their rich surface chemistry," said Yury Gogotsi, PhD, Distinguished University and Bach professor in Drexel's College of Engineering, a lead author of the research, whose research group participated in the materials' discovery in 2011. "Getting the first atomic-scale look at their surface, using scanning tunneling microscopy, is an exciting development that will open new possibilities for controlling the material surface and enabling applications of MXenes in advanced technologies."

Although MXenes are two-dimensional materials, the interaction that is the basis of their chemical, electrochemical, and catalytic properties -- whether it's ultrafast storage of electrical energy, splitting water to produce hydrogen, or skimming urea out of blood -- is initiated by the atoms that form their surface layer.

Previous research has provided a lower-resolution looks at the chemical structure of MXene surfaces, using technology such as scanning electron microscopy (SEM), secondary ion mass spectroscopy (SIMS) and tip-enhanced Raman spectroscopy (TERS). These tools offer indirect readings of the material's composition, but provide little information about the intricacies of its surface organization.

Scanning tunneling microscopy and scanning tunneling spectroscopy, by contrast, provide more direct information about the shape and composition of a material's surface structure, as well as its surface chemistry and properties.

These tools use an extremely sharp probe, sensitive enough to distinguish one atom from another as it scans across a flat surface. The tip of the probe carries an electric charge that enables it to interact with each atom as it passes by, this interaction -- called quantum tunneling -- provides information about the atoms on the surface of the material. Spectroscopic scans provide information about surface composition at the atomic and molecular levels. The scans are converted into images, forming topographical maps of the material's surface.




"With STM/STS, we can see atomic arrangements on MXenes' surface and even study their conductance with atomic resolution," Gogotsi said. "This is the key to understanding why MXenes have extreme properties and outperform other materials in many applications. It should also help us to explore quantum properties of MXenes and identify new opportunities for this quickly expanding family of materials."

Locating groups of atoms -- called functional groups -- identifying them and measuring their properties on the surface, given their specific location and attachment, are all important developments for understanding how MXenes interact with other chemicals and materials, according to the researchers.

"The MXene surfaces are chemically heterogeneous. That is both what makes them interesting and what makes them difficult to study," said Paul Weiss, PhD, a distinguished professor and UC Presidential chair at UCLA who led the research with Gogotsi. "We believe that it is also key to their amazing properties. However, we do not yet know which chemical functionalities are important for which applications."

The group's STM/STS imaging showed 10-nanometer features on the MXene's surface, likely to be titanium oxide clusters, and smaller protrusions, arrayed in a distorted hexagonal symmetry, that they deemed to be functional groups, which they went on to identify chemically.

The results of this research were consistent with previous theories, lower-resolution microscopy and spectral data about the surface of titanium carbide MXenes, including the prediction that their surface is metallic. However, getting a closer look at the surface defects and the nature of its heterogeneity is an important step in understanding how they affect the material's behavior, according to the team.

"In this work, we started pulling at the threads. We were able to image and to start to assign some of the chemical functionality," Weiss said. "One of the most interesting unknown aspects of MXenes is what roles their defects and heterogeneity play in their function and environmental stability. We now have our foot in the door to explore these roles."

Drawing on the collective expertise of Drexel's materials scientists, the STM groups at UCLA and Lawrence Berkley National Laboratory, and theoretical scientists at Cal State Northridge, the group will continue its rigorous analysis of the materials as it lays out a process for modulating their chemical composition to tune their functionality for different uses.
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Mobile phone data helps track pathogen spread and evolution of superbugs | ScienceDaily
A new way to map the spread and evolution of pathogens, and their responses to vaccines and antibiotics, will provide key insights to help predict and prevent future outbreaks. The approach combines a pathogen's genomic data with human travel patterns, taken from anonymised mobile phone data.


						
Researchers from the Wellcome Sanger Institute, University of the Witwatersrand and National Institute for Communicable Diseases in South Africa, the University of Cambridge, and partners across the Global Pneumococcal Sequencing project1, integrated genomic data from nearly 7,000 Streptococcus pneumoniae (pneumococcus)samples collected in South Africa with detailed human mobility data2. This enabled them to see how these bacteria, which cause pneumonia and meningitis3, move between regions and evolve over time.

The findings, published today (3 July) in Nature, suggest initial reductions in antibiotic resistance linked to the 2009 pneumococcal vaccine may be only temporary, as non-targeted strains resistant to antibiotics such as penicillin gained a 68 per cent competitive advantage.

This is the first time researchers have been able to precisely quantify the fitness -- their ability to survive and reproduce -- of different pneumococcal strains. The insight could inform vaccine development to target the most harmful strains, and may be applicable to other pathogens.

Many infectious diseases such as tuberculosis, HIV, and COVID-19 exist in multiple strains or variants circulating simultaneously, making them difficult to study. Pneumococcus, a bacterium that is a leading cause of pneumonia, meningitis, and sepsis worldwide4, is a prime example with over 100 types and 900 genetic strains globally. Pneumonia alone kills around 740,000 children under the age of five each year5, making it the single largest infectious cause of death in children.

Pneumococcal diversity hampers control efforts, as vaccines targeting major strains leave room for others to fill the vacant niches. How these bacteria spread, how vaccines affect their survival, and their resistance to antibiotics remains poorly understood.

In this new study, researchers analysed genome sequences from 6,910 pneumococcus samples collected in South Africa between 2000 and 2014 to track the distribution of different strains over time. They combined these data with anonymised records of human travel patterns collected by Meta2.




The team developed computational models which revealed pneumococcal strains take around 50 years to fully mix throughout South Africa's population, largely due to localised human movement patterns.

They found that while introduction of a pneumococcal vaccine against certain types of these bacteria in 2009 reduced the number of cases caused by those types6, it also made other non-targeted strains of these bacteria gain a 68 per cent competitive advantage, with an increasing proportion of them becoming resistant to antibiotics such as penicillin. This suggests that the vaccine-linked protection against antibiotic resistance is short-lived.

Dr Sophie Belman, first author of the study, former PhD student at the Wellcome Sanger Institute and now a Schmidt Science Fellow at the Barcelona Supercomputing Centre, Spain, said: "While we found that pneumococcal bacteria generally spread slowly, the use of vaccines and antimicrobials can quickly and significantly change these dynamics. Our models could be applied to other regions and pathogens to better understand and predict pathogen spread, in the context of drug resistance and vaccine effectiveness."

Dr Anne von Gottberg, author of the study at National Institute for Communicable Diseases, Johannesburg, South Africa, said: "Despite vaccination efforts, pneumonia remains one of the leading causes of death for children under five in South Africa. With continuous genomic surveillance and adaptable vaccination strategies to counter the remarkable adaptability of these pathogens, we may be able to better target interventions to limit the burden of disease."

Professor Stephen Bentley, senior author of the study at the Wellcome Sanger Institute, said: "The pneumococcus's diversity has obscured our view on how any given strain spreads from one region to the next. This integrated approach using bacterial genome and human travel data finally allows us to cut through that complexity, uncovering hidden migratory paths in high-definition for the first time. This could allow researchers to anticipate where emerging high-risk strains may take hold next, putting us a step ahead of potential outbreaks."

Notes
    	Partners from the Global Pneumococcal Sequencing project can be found here: https://www.pneumogen.net/gps/
    	The human mobility data used in this study are Meta Data for Good baseline data, released during the 2020 SARS-CoV-2 pandemic. These data rely on personal consent for location sharing, and Data for Good ensures individual privacy by preventing re-identification in aggregated datasets.
    	For more information on pneumococcal disease, visit: https://www.cdc.gov/pneumococcal/about/index.html
    	https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5666185/
    	https://www.who.int/news-room/fact-sheets/detail/pneumonia
    	Before these vaccines, 85 per cent of pneumococcal strains were those targeted by the vaccines. By 2014, this dropped to 33.2 per cent. This change was consistent across all nine provinces in South Africa.
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Extinct humans survived on the Tibetan plateau for 160,000 years | ScienceDaily
Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia, according to a new study published in Nature.


						
The Denisovans are an extinct species of ancient human that lived at the same time and in the same places as Neanderthals and Homo sapiens. Only a handful Denisovan remains have ever been discovered by archaeologists. Little is known about the group, including when they became extinct, but evidence exists to suggest they interbred with both Neanderthals and Homo sapiens.

A research team led by Lanzhou University, China, the University of Copenhagen, Denmark, the Institute of Tibetan Plateau Research, CAS, China, and involving the University of Reading studied more than 2,500 bones from the Baishiya Karst Cave on the high-altitude Tibetan Plateau, one of the only two places where Denisovans are known to have lived.

Their new analysis, published today (Wednesday, 3 July) in Nature, has identified a new Denisovan fossil and shed light on the species' ability to survive in fluctuating climatic conditions -- including the ice age -- on the Tibetan plateau from around 200,000 to 40,000 years ago.

Dr Geoff Smith, a zooarchaeologist at the University of Reading, is a co-author of the study. He said: "We were able to identify that Denisovans hunted, butchered and ate a range of animal species. Our study reveals new information about the behaviour and adaptation of Denisovans both to high altitude conditions and shifting climates. We are only just beginning to understand the behaviour of this extraordinary human species."

Dietary diversity 

Bone remains from Baishya Karst Cave were broken into numerous fragments preventing identification. The team used a novel scientific method that exploits differences in bone collagen between animals to determine which species the bone remains came from.




Dr Huan Xia, of Lanzhou University, said: "Zooarchaeology by Mass Spectrometry (ZooMS) allows us to extract valuable information from often overlooked bone fragments, providing deeper insight into human activities."

The research team determined that most of the bones were from blue sheep, known as the bharal, as well as wild yaks, equids, the extinct woolly rhino, and the spotted hyena. The researchers also identified bone fragments from small mammals, such as marmots, and birds.

Dr Jian Wang, of Lanzhou University, said: "Current evidence suggests that it was Denisovans, not any other human groups, who occupied the cave and made efficient use of all the animal resources available to them throughout their occupation."

Detailed analysis of the fragmented bone surfaces shows the Denisovans removed meat and bone marrow from the bones, but also indicate the humans used them as raw material to produce tools.

A new Denisovan fossil 

The scientists also identified one rib bone as belonging to a new Denisovan individual. The layer where the rib was found was dated to between 48,000 and 32,000 years ago, implying that this Denisovan individual lived at a time when modern humans were dispersing across the Eurasian continent. The results indicate that Denisovans lived through two cold periods, but also during a warmer interglacial period between the Middle and Late Pleistocene eras.

Dr Frido Welker, of the University of Copenhagen, said: "Together, the fossil and molecular evidence indicates that Ganjia Basin, where Baishiya Karst Cave is located, provided a relatively stable environment for Denisovans, despite its high-altitude.

"The question now arises when and why these Denisovans on the Tibetan Plateau went extinct."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240703131710.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mighty floods of the Nile River during warmer and wetter climates | ScienceDaily
Global warming as well as recent droughts and floods threaten large populations along the Nile Valley. Understanding how such a large river will respond to an invigorated hydrological cycle is therefore a pressing issue. Insights can be gained by studying past periods with wetter and warmer conditions, such as the North African Humid Period eleven to six thousand years ago. A research team of the German Research Centre for Geosciences GFZ, led by Cecile Blanchet, together with colleagues at the University of Innsbruck (Austria) and the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (Germany) analysed a 1,500 year long annually-laminated sediment core. The study was published today in Nature Geoscience.


						
It reveals that wetter climates led to very strong and weak floods and a highly instable river system, which may have rendered the Nile valley uninhabitable. Although intensified, flood variability was paced by similar climatic forcing as today, operating on annual -- like El Nino -- to multi-decadal timescales. This suggests that the occurrence of such extreme events might be predictable helping to reduce risks for local populations.

Background: Nile River floods and climate change

The iconic floods of the Nile River are often associated to the development of irrigation and agriculture in pharaonic Egypt. Today, seasonal rainfall and flooding remain crucial to sustain large populations in the Nile Valley, from the Equator to the Mediterranean coast.

Climate models predict a large increase in monsoonal rainfall in this region due to global warming for all climatic scenarios. Recent episodes of droughts and flooding in Ethiopia, Sudan and Egypt have raised concerns about an increase in rainfall variability leading to such geohazards. Being one of the most densely populated area on Earth, it is critical to design reliable forecasting tools and plan adequate infrastructure based on informed-knowledge and process understanding of rainfall and flood changes.

To tackle these issues, it is important to understand how large river systems will respond to enhanced rainfall. Insights can be gained from studying past time intervals that were known to be wetter and warmer than the present. A well-known example is the North African Humid Period during the Early Holocene, about 11 to 6 thousand years ago, characterised by a large increase in rainfall in northeastern Africa.

Unique sediment core provides annual inside into ancient Nile River floods

To access these ancient times, Cecile Blanchet and colleagues of the German Research Centre for Geosciences GFZ, together with Arne Ramisch (University of Innsbruck) and Monica Ionita (Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, AWI) have analysed a unique sediment core collected right off the Nile mouth that recorded past floods. These seasonal floods brought varying amounts of fluvial particulate matter offshore, which were preserved as fine laminations. The core was taken in 2008 and dated back to the North African Humid Period.




"Relics of such geological times provide researchers a natural laboratory to test and improve predictions from climate models," explains Cecile Blanchet. "This type of layered sediment is often found in lakes, and the GFZ is internationally known for having the technical and scientific expertise to analyse them. This one is unique because these are marine sediments recording past Nile floods at an annual resolution. So, I decided to come to the GFZ and set to explore this beautiful record."

Sediment core analysis

Analysis of the cores comprised looking at the layers, counting and measuring them under the microscope -- part of which was also done at home during the Covid-lockdowns. The chronology was constrained using a combination of annual layer counting and radiocarbon dating of fossil plankton buried in the layers.

Blanchet quickly realised that the thickness of the flood layers was varying drastically in time spans of 30-40 years, from being very small (0,3 mm) to being very thick (10 mm).

"It may sound not so much, but several millimetres deposited offshore is enormous," says Blanchet. "However, we know that large rivers are complicated systems, which may retain or release sediments independently of the discharge, that is the amount of water in the river. So, it is not always possible to relate the volume of sediments transported, expressed in our record as the thickness of the layers, to the size of the flood. But we noticed as well that the size of the particles increased in thicker layers, which means that the thickness of the layers is a reliable indicator of the strength of past floods."

From her observations, Blanchet concluded that the North African Humid Period was characterised by the occurrence of extremely strong and variable Nile floods. Especially between 9,200 and 8,600 years ago, the dominance of thick flood layers depicts a period of strong erosional activity and the deposition of large amounts of particulate matter offshore, about two to three times as much as in the later years.




Influence of the El Nino climate oscillation

Joining forces with statisticians and modellers at the GFZ and the AWI allowed the team not only to determine the effects but also the drivers of flood variability. Using modelling of past sea-level changes done at GFZ, the researchers could exclude that any of these effects was driven by sea-level changes rather than the fluvial activity of the Nile.

Analysing the data with statistical methods revealed several characteristic oscillations: on a shorter timescale with periodicities of 2-7 years, and on a longer time scale of several decades. This suggests that the floods were modulated by the El Nino Southern Oscillation (ENSO) on multi-annual timescales and a yet unidentified driver on multi-decadal timescales.

"ENSO originates in the Pacific region and is transmitted to other parts of the World by atmospheric teleconnections," said co-author Monica Ionita from the AWI. "It was fascinating to see that we could find this variability both in the model and in the data."

Comparison with Nilometer flood data from the past 2000 years

The researchers compared their flood-record data from the time between 9,470 and 7,940 years before present, with data from the ancient Egyptians, recorded between 622 and 1922 CE, especially with regard to the oscillations:

"The fact that ancient Egyptians measured the level of the Nile River in special buildings called 'Nilometers' -- see picture 2 -- year after year is really fascinating and they have offered us a unique record of past Nile floods in the last 2,000 years," said co-author Arne Ramisch, previously at GFZ and now at the University of Innsbruck. "The resolution and length of both records being similar, we could apply similar statistical tools and derive the main temporal variabilities. It showed us that the drivers remain quite similar even though the climatic conditions were different."

This comparison shows that similar climate drivers can have very different effects, namely a much higher amplitude of flood magnitude under wetter and warmer climates. This is one of the main findings of the study. And it has important implications for building reliable tools to forecast and reduce flood risks.

"I am sure that our findings will have direct applications and we are already working on providing constraints on flood magnitude based on the record we have. This is not trivial but with the help of modellers and geomorphologists, I am confident that we will tackle this new challenge," concludes Cecile Blanchet.

Funding: The work of Cecile Blanchet has been supported through the reintegration grant "Annual Nile floods during the African Humid Period" by the GFZ Potsdam.
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Clever clothes! Seams in clothing capture body movement | ScienceDaily
Everyday clothing may soon be able to capture and record body movements according to new research published by the Universities of Bristol and Bath.


						
Harmless low voltages are passed through conductive threads which are stitched into garment seams to create electrical circuits. Their resistance changes with the movement of the wearer's body. The work opens up new possibilities to make digital clothing which senses and captures movements much more accurately than is possible using current phones and smart watches.

The paper, presented at the Designing Interactive Systems (DIS) conference in Copenhagen today (3 July), lays the foundations for e-textile designers and clothing manufacturers to create cutting edge garments that could enhance exercise, physiotherapy and rehabilitation.

Professor Mike Fraser of the University of Bristol's School of Computer Science commented: "We're excited by the opportunity for clothing manufacturers to implement our designs in sleeves and other garment seams.

"We've shown that common overlocked seams in standard garment constructions can do a good job of sensing movement. The design avoids the need for a separate power source by pairing the seam with a charging coil, drawing the energy wirelessly from a mobile phone placed in the pocket.

"This means advanced motion sensing garments could be made without altering existing manufacturing processes.

"We have also shown that smartphone apps using advanced Artificial Intelligence (AI) techniques can use this movement data to match body movement to specific postures or gestures such as physiotherapeutic exercises."

The team have produced a short film for the conference illustrating how the technique works.
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High ceilings linked to poorer exam results for university students | ScienceDaily
Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.


						
New research from the University of South Australia and Deakin University has revealed a link between rooms with high ceilings and poorer examination results.

A study published in the Journal of Environmental Psychology, led by architecture and psychology-trained UniSA researcher Dr Isabella Bower in collaboration with educational psychology researcher Associate Professor Jaclyn Broadbent from Deakin University, demonstrates that building design impacts our ability to perform tasks.

Dr Bower and her team analysed data from 15,400 undergraduate students between 2011-2019 across three campuses at an Australian university, comparing students' exam results with ceiling heights of the room in which they sat the examination.

After considering individual student differences and their prior performance in coursework, they found that students had lower scores than expected when sitting exams in rooms with an elevated ceiling.

The researchers factored in the students' age, sex, time of year when sitting the examination, and whether they had prior exam experience in the courses investigated.

Dr Bower says it is difficult to identify whether this is due to the scale of the room itself, or factors such as student density or poor insulation, which in turn lead to fluctuating temperatures and air quality -- all factors that can affect the brain and body.




"These spaces are often designed for purposes other than examinations, such as gymnasiums, exhibitions, events and performances," Dr Bower says.

"The key point is that large rooms with high ceilings seem to disadvantage students and we need to understand what brain mechanisms are at play, and whether this affects all students to the same degree."

The results support experiments that Dr Bower has done using virtual reality (VR), measuring brain activity of participants exposed to different rooms, while controlling for other factors such as temperature, lighting and noise.

Using a technique called electroencephalography (EEG), where electrodes are attached to the scalp to measure brain cell communication, her team altered room sizes, while recording the brain's response. They also measured heart rate, breathing and perspiration, revealing if someone could unconsciously detect a change to the environment.

In these VR experiments, they found that simply sitting in a bigger room resulted in brain activity associated with concentrating on a difficult task. This led them to question if task performance in large spaces is reduced.

"Based on these results we were curious to apply our lab findings to a real-world dataset and see if being in a large space like a gymnasium while having to concentrate on an important task would result in a poorer performance," Dr Bower says.

"Examinations have been a key part of our education system for over 1300 years, shaping students' career paths and lives," says Assoc Prof Jaclyn Broadbent.

In Australia, many universities and schools use large indoor spaces for exams to streamline logistics and costs. It's crucial to recognise the potential impact of the physical environment on student performance and make necessary adjustments to ensure all students have an equal opportunity to succeed," she says.

"These findings will allow us to better design the buildings in which we live and work, so we can perform to the best of our ability."
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Low-dose aspirin could help prevent pregnancy complications caused by flu infections | ScienceDaily
A world-first study has found low-dose aspirin may treat flu-induced blood vessel inflammation, creating better blood flow to the placenta during pregnancy.


						
Animal studies examined whether the treatment for preeclampsia could be applied to flu infections -- and the results, according to the research team, were very promising.

Lead researcher and RMIT Post-Doctoral Research Fellow, Dr Stella Liong, said flu infections during pregnancy can resemble preeclampsia, a pregnancy complication that causes inflammation to the aorta and blood vessels.

Low-dose aspirin is commonly taken to prevent preeclampsia, as it stops the body from creating chemicals that cause inflammation.

"When the vascular system is inflamed, it leads to poor blood flow and affects the aorta's function," she said.

"This is especially a problem during pregnancy where good blood flow to the placenta is crucial to the development of the fetus."

The research, led by RMIT University in collaboration with Trinity College Dublin, Ireland Professor John O'Leary and University of South Australia Professor Doug Brooks, found fetuses and placenta from mice with influenza A were smaller than those from uninfected mice.




Markers of low oxygen to the blood and poor blood vessel development were also evident in the fetuses.

However, mice treated daily with low-dose aspirin had less inflammation and improved fetal development and offspring survival.

While the research was still awaiting human clinical trials, Liong said low-dose aspirin was already recognised as safe to take during pregnancy.

However, the research team recommended pregnant people seek medical advice before taking new medications.

Brooks said influenza A infections during pregnancy was a big concern as every pregnancy overlaps with part of a flu season.

"There are long term implications for both the mother and the fetus, and aspirin might provide a simple solution for preventing this influenza associated pathology," Brooks said.




Why flu infection is dangerous during pregnancy 

O'Leary said the research findings had huge implications for pregnancy and seasonal influenza virus infections for pregnant people.

"This study shines a light, for the first time, on the role of vascular inflammation associated with influenza virus and the potential dramatic effect of the disease-modifying drug aspirin, in low dosage, in pregnant women with co-morbid influenza," O'Leary said.

While there weren't many studies of the impacts of flu infections during pregnancy, project lead and RMIT Professor Stavros Selemidis said it was clear that pregnancy changed how the body responded to the virus.

Liong and Selemidis' earlier breakthrough research found the flu virus during pregnancy could trigger a damaging hyperactive immune response, causing the virus to spread around the body from the lungs through the blood vessels.

"We used to think the flu virus just stayed in the lungs, but during pregnancy it escapes from the lungs to the rest of the body," Selemidis said.

"This infection could set you up for cardiovascular disease later in life, but also set up cardiovascular disease in the offspring later in life."

While vaccination was still the considered the best way to prevent flu infection during pregnancy, Selemidis pointed out vaccination rates were generally low in the pregnant population.

"Low vaccination rates aside, the flu shot may not generate the perfect immune response, especially if someone is pregnant or has an underlying medical condition," he said.

"That's why it's useful to have a potential back up in low-dose aspirin to help prevent vascular dysfunction during pregnancy and improve fetal development."
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Drugs that kill 'zombie' cells may benefit some older women, but not all | ScienceDaily
Drugs that selectively kill senescent cells may benefit otherwise healthy older women but are not a "one-size-fits-all" remedy, Mayo Clinic researchers have found. Specifically, these drugs may only benefit people with a high number of senescent cells, according to findings publishing July 2 in Nature Medicine.


						
Senescent cells are malfunctioning cells in the body that lapse into a state of dormancy. These cells, also known as "zombie cells," can't divide but can drive chronic inflammation and tissue dysfunction linked to aging and chronic diseases. Senolytic drugs clear tissues of senescent cells.

In the 20-week, phase 2 randomized controlled trial, 60 healthy women past menopause intermittently received a senolytic combination composed of FDA-approved dasatinib and quercetin, a natural product found in some foods. It is the first randomized controlled trial of intermittent senolytic treatment in healthy aging women, and the investigators used bone metabolism as a marker for efficacy.

Researchers found that this combination, known as D+Q, had beneficial effects on bone formation but did not reduce bone resorption or the breakdown and removal of bone tissue. Furthermore, D+Q mainly benefited people with evidence of a high number of senescent cells. This group had more robust increases in bone formation, decreases in bone resorption, and an increase in bone mineral density at the wrist.

"Our findings argue against what many people are already doing -- using commercial products like quercetin or related compounds like fisetin that may show some senolytic properties," says senior author Sundeep Khosla, M.D., an endocrinologist at Mayo Clinic in Rochester, Minnesota. "They're using them as anti-aging agents without knowing if they have high enough senescent cell numbers to benefit, or what dose or dosing regimen is needed to be effective yet safe."

Dr. Khosla says more research is needed to better identify people who may benefit from senolytic treatments and to develop more specific and potent senolytic drugs that may show efficacy in more people. People who have experienced "accelerated aging" -- such as cancer survivors after chemotherapy, or those with progeroid syndromes -- may have increased numbers of senescent cells.

Besides their application to aging, senolytic drugs may be useful against certain diseases, such as idiopathic pulmonary fibrosis, dementia, diabetes, heart disease and others, Dr. Khosla says. However, these drugs will likely need to be customized according to their potency and the amounts of senescent cells in the diseased tissues.

The study was supported by National Institutes of Health grant nos. R21 AG065868, P01 AG062413, R01 AG 076515, R01 DK128552, R01 AG055529, R37 AG13925 and R33 AG61456.

Co-authors are Joshua Farr, Ph.D., Elizabeth Atkinson, Sara Achenbach, Tammie Volkman, Amanda Tweed, Stephanie Vos, Ming Ruan, Jad Sfeir, M.D., Matthew Drake, M.D., Ph.D., Dominik Saul, M.D., Madison Doolittle, Ph.D., Irina Bancos, M.D., Kai Yu, M.D., Tamara Tchkonia, Ph.D., Nathan LeBrasseur, Ph.D., James Kirkland, M.D., Ph.D., and David Monroe, Ph.D.

Drs. LeBrasseur, Tchkonia and Kirkland have financial interests related to this research, including Mayo Clinic patents and pending patents covering senolytic drugs and their uses. The remaining authors declare no competing interests.
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Using visible light to make pharmaceutical building blocks | ScienceDaily
University of Michigan chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals.


						
The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team led by University of Michigan chemist Corinna Schindler has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst. Their results are published in the journal Science.

Approximately 60% of pharmaceutical drugs contain building blocks in the form of compounds called nitrogen heterocycles. Nitrogen heterocycles are structures of atoms organized in a ring that contain at least one nitrogen atom, the most common of which have five- and six-membered ring systems. These systems are often used as building blocks in pharmaceuticals.

"These building blocks are very accessible and you can put them together like Legos to build compounds that we can then use for chemical or medicinal testing. But the problem is that a lot of these five or six membered ring systems are not as stable as you'd want them to be," Schindler said.

"The ring systems can break down in the body after a patient has ingested a therapeutic drug. Because the compound can be metabolized by the human body, what you give initially to a patient may not necessarily be what you would find in the body after the patient has taken it, and that is a problem."

Instead, researchers suggest using monocyclic azetidines, a more stable four-membered ring system. But, says Emily Wearing, lead author of the study who recently earned her doctorate from Schindler's lab, the key reactions chemists use to produce azetidines have specific challenges.

The reactions either can't be widely applied or they only produce azetidines with specific substitution patterns. Researchers want to produce azetidines with different substitution patterns because this allows researchers to try a variety of the molecule as building blocks in drug synthesis and drug screening.




Further, the U-M researchers used a method called a [2+2]-cycloaddition to create monocyclic azetidines. This method usually requires photoexcitation, or the excitation of atoms or molecules in a compound through the absorption of energy, according to Schindler. In other words, the reaction needs light.

In the reaction, the researchers used two classes of compounds called acyclic imines and alkenes, which are highly desirable as starting materials because they can be easily varied to produce different products, Wearing says. However, when you use light to excite the imine, the acyclic imine decays from the excited state before it can undergo the cycloaddition, Schindler says.

Previously, there has been a successful example of this reaction, Wearing says, but it used ultraviolet light, which presents safety challenges, and it used different imines and alkenes.

"This also means access to these highly desirable monocyclic azetidine building blocks is much more limited using this approach," Wearing said. "The use of visible light versus UV light is an important benefit, but our key discovery was being able to use a visible light approach to produce monocyclic azetidines."

Their method uses visible light and a photocatalyst to allow access to the required excited state intermediates in what's called an aza Paterno-Buchi reaction. To determine exactly why the reaction worked, Schindler's lab teamed up with the lab of Heather Kulik, associate professor of chemical engineering at the Massachusetts Institute of Technology.

Her lab ran a computational analysis that found using specific classes of the imines and alkenes starting materials would facilitate a better match in energy between those starting materials, which lowered the barrier for reaction. They also analyzed what factors led to high yields of azetidines.




When researchers develop a new reaction like this, they also need to show that it can work for many combinations of substrates, according to Seren Parikh, a graduate student in Schindler's lab. He and postdoctoral research fellow Yu-Cheng Yeh showed that the team's reaction could work on multiple versions of imine and alkene compounds.

"Someone might show that a new reaction works, but if it only works on a single compound, it is not useful to anyone because pharmaceutical companies are likely wanting to use the reaction on their unique compound," Parikh said. "What we can do is show that the reaction works on a diverse range of substrates to essentially prove that the reaction is worth the pharmaceutical company's time to try."

Parikh and Yeh were able to show that they could produce six biologically relevant azetidine compounds, including using the reaction to attach an azetidine to an estrogen derivative, a natural steroid in the human body. Yeh also used this method to synthesize analogues of penaresidin B, which has been shown to be toxic to tumor cells. This is the first total synthesis of this natural product using the [2+2]-cycloaddition

"The synthesis of these azetidine compounds are examples to demonstrate that this synthetic methodology can be applied to make complicated molecules and medicine-like molecules," Yeh said.

Understanding what makes this chemical reaction work will allow the group and the field of medicinal chemistry to design related reactions in the future. New work can build upon this design principle to access other azetidines to be incorporated into new pharmaceuticals, Schindler says.

"Now we can access these types of building blocks that people have wanted for a long time, but couldn't directly access," she said. "The process we have developed can now be used in the future as basically a blueprint for future reaction development."
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UV radiation damage leads to ribosome roadblocks, causing early skin cell death | ScienceDaily
In a recent study, researchers at Johns Hopkins Medicine suggest the cell's messenger RNA (mRNA) -- the major translator and regulator of genetic material -- along with a critical protein called ZAK, spur the cell's initial response to UV radiation damage and play a critical role in whether the cell lives or dies.


						
While UV radiation has long been known to damage DNA, it also damages mRNA, and the latest findings, published June 5 in Cell, indicate that mRNAs act as first responders in telling the cells how to manage the stress.

"RNA is a canary in the coal mine. It's telling the cell, 'We've got major damage here and we need to do something,'" says Rachel Green, Ph.D., a Bloomberg Distinguished Professor of Molecular Biology and Genetics and Daniel Nathans Director of the Department of Molecular Biology and Genetics at the Johns Hopkins University School of Medicine. Green, also an investigator at Howard Hughes Medical Institute, is the corresponding author of the new study.

ZAK is a key player in a process that identifies cellular damage by sensing the collisions of ribosomes, tiny macromolecular machines that help RNA translate the language of genes into the language of proteins. Collisions occur when ribosomes move along UV-damaged mRNAs and, unable to decode the damaged message, cause stalled ribosomes to get "rear-ended" by upstream ribosomes. Ribosome collisions activate ZAK, which triggers a cellular signaling program known as the ribotoxic stress response. ZAK then instigates a cascade of downstream events that decide the cell's fate.

A more comprehensive understanding of how cellular life-and-death decisions are made upon encountering UV radiation could help investigators understand underlying causes of skin and other cancers, says Niladri Sinha, Ph.D., Jane Coffin Childs Memorial Fund Postdoctoral Fellow at Johns Hopkins School of Medicine. Companies developing drugs that target ribosomes may also find that ZAK could be a driver of cell death across cancer types, he says.

The findings indicate that ZAK senses the extent of cellular damage and responds depending on how much UV radiation the cell receives, offering a more nuanced understanding of UV-caused cell death and identifying new ways to keep ZAK's activity under control, Green says.

"There are graded ways that ZAK responds, it's not all or nothing," she says.




The research also "very clearly shows" that, for example, a skin cell's fate in the immediate aftermath of UV radiation is "driven primarily by the extent of colliding ribosomes and ZAK signaling," Green says.

"In this regime, DNA damage and the well-characterized DNA damage response pathway, including the key protein p53, do not significantly determine cell fate decisions," she says.

DNA damage repair is critical and occurs in a subset of cells that are copying their genetic material, but these pathways are not the major "deciders" of cell fate, she says.

Green co-led the research with Sergi Regot, Ph.D., associate professor of molecular biology and genetics at the Johns Hopkins University School of Medicine, and Alban Ordureau, Ph.D., assistant member of the Cell Biology Program at Memorial Sloan Kettering Cancer Center's Sloan Kettering Institute and an assistant professor at Weill Cornell.

To conduct their research, the scientists exposed human cellular models to a UV lamp mimicking the sun's radiation. Using proteomics to understand cell signaling in an approach led by Ordureau, they evaluated ZAK's role and made predictions about how cells would respond to different levels of stress. From there, live cell imaging experiments led by Regot, in addition to in-house ribosome biochemistry -- the workhorse of Green's laboratory -- helped characterize how cellular death is regulated as a consequence of ZAK-mediated UV radiation.

In the future, the researchers plan to investigate cell types with different protein synthesis regimes, including those in melanoma and other cancers. The researchers suspect that fast-growing cells will rely on ZAK-mediated regulation more than others, Green says.

Funding for this research was provided by the Howard Hughes Medical Institute, the National Institutes of Health (NIH 1R35GM133499), a National Science Foundation Career grant, the Jane Coffin Childs Memorial Fund for Medical Research Fellowship, and the National Institute of General Medical Sciences, Sloan Kettering Institute startup funds, Pew Charitable Trusts, a Memorial Sloan Kettering Cancer Center support grant, and the Basic Science Research Program from the National Research Foundation of Korea; Ministry of Education.

Other scientists who contributed to this study are Connor McKenney, Zhong Y. Yeow, and Jeffrey J. Li of Johns Hopkins; Ki Hong Nam of Memorial Sloan Kettering Cancer Center's Sloan Kettering Institute; and Tomer M. Yaron-Barir, Jared L. Johnson, Emily M. Huntsman and Lewis C. Cantley of Weill Cornell Medicine.

Green is a member of the scientific advisory board of Alltrna, Initial Therapeutics and Arrakis Pharmaceuticals, consults for Vertex Pharmaceuticals, Bristol-Myers Squibb (Celgene), Monta Rosa Therapeutics and Flagship Pioneering, and served on the scientific advisory board at Moderna.
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Precise and less expensive 3D printing of complex, high-resolution structures | ScienceDaily
Researchers have developed a new two-photon polymerization technique that uses two lasers to 3D print complex high-resolution structures. The advance could make this 3D printing process less expensive, helping it find wider use in a variety of applications.


						
Two-photon polymerization is an advanced additive manufacturing technique that traditionally uses femtosecond lasers to polymerize materials in a precise, 3D manner. Although this process works well for making high-resolution microstructures, it isn't widely used in manufacturing because femtosecond lasers are expensive and increase the cost of printing parts.

"We combined a relatively low-cost laser emitting visible light with a femtosecond laser emitting infrared pulses to reduce the power requirement of the femtosecond laser," said research team leader Xianfan Xu from Purdue University. "In this way, with a given femtosecond laser power, the printing throughput can be increased, leading to a lower cost for printing individual parts."

In the Optica Publishing Group journal Optics Express, the researchers show that the two-laser approach reduces the femtosecond laser 3D printing power needed by as much as 50% compared to using a femtosecond laser alone.

"3D printing with high resolution has many applications, including 3D electronics devices, micro-robots for the biomedical field and 3D structures or scaffolds for tissue engineering," said Xu. "Our novel, 3D printing approach can be readily implemented in many existing femtosecond laser 3D printing systems."

Finding the right laser balance

The new work is part of the research team's effort to continuously improve the printing speed and reduce the printing cost for two-photon polymerization, which uses the phenomenon of two-photo absorption to precisely cure, or solidify, a photosensitive material.




"In a conventional two-photon polymerization printing process, the femtosecond laser is first used to initiate a photochemical process that reduces the inhibition species in the material before printing starts," said Xu. "We used a low-cost laser for this purpose instead."

The new approach combines single-photon absorption from a 532 nm nanosecond laser with two-photon absorption from an 800-nm femtosecond laser. For this to work, the researchers had to find the right balance between the printing and inhibition caused by the two lasers. They did this by creating a new mathematical model to help them understand the photochemical processes involved and to compute the combined effect of two-photon and single-photon excitation processes. They also used the model to identify the dominant processes controlling how much the femtosecond laser's power could be reduced while still achieving desirable printing results.

Printing detailed structures

After finetuning the new approach, they used it to print various 2D and 3D structures using reduced femtosecond laser power. These included detailed woodpiles measuring just 25 x 25 x 10 mm as well as a micron-scale buckyball, chiral structure and trefoil knot. Experimental results showed that the new method reduced the power required from the femtosecond laser by up to 80 percent for 2D structures and up to around 50 percent for 3D structures.

"This new printing approach could impact manufacturing technologies, influencing the development of devices across consumer electronics and healthcare sectors both now and in the future," said Xu. The researchers are now working to further improve the printing speed and reduce the cost of 3D printing.
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Giant clams may hold the answers to making solar energy more efficient | ScienceDaily
In a new study, Yale researcher Alison Sweeney found that giant clams in the Western Pacific may be the most efficient solar energy system on the planet.


						
Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new Yale-led study.

This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

"It's counter-intuitive to a lot of people, because clams operate in intense sunlight, but actually they're really dark on the inside," said Alison Sweeney, associate professor of physics and of ecology and evolutionary biology in Yale's Faculty of Arts and Sciences. "The truth is that clams are more efficient at solar energy conversion than any existing solar panel technology."

In the new study, published in the journal PRX: Energy, a research team led by Sweeney presents an analytical model for determining the maximum efficiency of photosynthetic systems based on the geometry, movement, and light-scattering characteristics of giant clams. It is the latest in a series of research studies from Sweeney's lab that highlight biological mechanisms from the natural world that could inspire new sustainable materials and designs.

In this case, the researchers looked specifically at the impressive solar energy potential of iridescent giant clams in the shallow waters of Palau in the Western Pacific.

The clams are photosymbiotic, with vertical cylinders of single-celled algae growing on their surface. The algae absorb sunlight -- after the light has been scattered by a layer of cells called iridocytes.




Both the geometry of the algae and the light scattering of the iridocytes are important, the researchers say. The algae's arrangement in vertical columns -- which makes them parallel to the incoming light -- enables the algae to absorb sunlight at the most efficient rate. This is because the sunlight has been filtered and scattered by the layer of iridocytes, and the light then wraps uniformly around each vertical algae cylinder.

Based on the giant clams' geometry, Sweeney and her colleagues developed a model to calculate quantum efficiency -- the ability to convert photons into electrons. The researchers also factored in fluctuations in sunlight, based on a typical day in the tropics with a sunrise, midday sun intensity, and sunset. The quantum efficiency was 42%.

But then the researchers added a new wrinkle: the way giant clams stretch themselves in reaction to changes in sunlight. "Clams like to move and groove throughout the day," Sweeney said. "This stretching moves the vertical columns farther apart, effectively making them shorter and wider."

With this new information, the clam model's quantum efficiency jumped to 67%. By comparison, Sweeney said, a green leaf system's quantum efficiency in a tropical environment is only about 14%.

An intriguing comparison, according to the study, would be northern spruce forests. The researchers said boreal spruce forests, surrounded by fluctuating layers of fog and clouds, share similar geometries and light-scattering mechanisms with giant clams, but on a much larger scale. And their quantum efficiency is nearly identical.

"One lesson from this is how important it is to consider biodiversity, writ large," Sweeney said. "My colleagues and I continue to brainstorm about where else on Earth this level of solar efficiency might happen. It is also important to recognize we can only study biodiversity in places where it is maintained."

She added: "We owe a major debt to Palauans, who put vital cultural value on their clams and reefs and work to keep them in pristine health."




Such examples may offer inspiration and insights for more efficient sustainable energy technology.

"One could envision a new generation of solar panels that grow algae, or inexpensive plastic solar panels that are made out of a stretchy material," Sweeney said.

The study's first author is Amanda Holt, an associate research scientist in Sweeney's lab. The study's co-author is Lincoln Rehm, a Palauan-American and former graduate student at Drexel University and researcher at the Palau International Coral Reef Center, who is now at the National Oceanography and Atmospheric Administration.

The research was funded by a Packard Foundation fellowship and the National Science Foundation.
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Advancing toward a preventative HIV vaccine | ScienceDaily
A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a "swarm" of viral strains existing in a single body. But scientists at Scripps Research; IAVI; the Ragon Institute of Mass General, MIT, and Harvard; La Jolla Institute for Immunology; and additional institutions have conducted a series of preclinical trials indicating that they're potentially closer to an immunization regimen than ever before -- one that could produce rare antibodies that would be effective against a wide range of HIV strains.


						
Published in Science, Science Immunology, and Science Translation Medicine on May 16, 2024, the findings are outlined in four individual papers and build on a 2022 phase I clinical trial conducted by the nonprofit scientific research organization IAVI. The findings represent a key step forward in an immunization strategy that could protect against the virus.

"All in all, these studies show that we have a good chance at creating an effective HIV vaccine -- we just need to keep iterating and build on these findings in future clinical trials," says co-senior author of all four studies, William Schief, PhD, who is also a Scripps Research professor; vice president for antigen design and selection, Infectious Disease Research, at Moderna, Inc.; and executive director of vaccine design at IAVI's Neutralizing Antibody Center.

The HIV vaccine strategy involves stimulating the body to produce mature broadly neutralizing antibodies (bnAbs). bnAbs are among the immune system's key players in fighting HIV, since they can block many variants of the virus. The problem is that bnAbs produced by the human body are rare. The IAVI trial, spearheaded in part by Schief, focused on inducing the immune cells that could eventually evolve into the right bnAbs -- ones that could protect host cells from multiple HIV strains. These precursor immune cells, known as B cells, were stimulated with the help of a priming immunogen -- a customized molecule to "prime" the immune system and elicit responses from the correct precursor cells.

But the primer also requires additional "booster" immunogens to coax the immune system into producing not just precursor cells, but coveted VRC01-class bnAbs -- a rare and specific class of antibodies known to neutralize more than 90 percent of diverse HIV strains. Boosters are also needed for the production of BG18 -- another important bnAb class that binds to sugars on the HIV spike protein. That's where the new studies come in: Researchers developed immunization regimens that could prime either VRC01 or BG18 precursors, and subsequently boost those precursors further down the path toward becoming bnAbs.

"The results contained in these papers are deeply exciting and further support the germline-targeting strategy to HIV vaccine development that IAVI and our partners are pursuing," says Mark Feinberg, MD, PhD, president and CEO of IAVI. "We look forward to continuing our collaboration with Scripps Research and partners to advance further research building on these promising findings."

This groundbreaking science is enabled by collaboration between scientific institutions and funding partners. Without the ongoing, critical support of the Scripps Consortium for HIV/AIDS Vaccine Development (CHAVD), the Collaboration for AIDS Vaccine Discovery (CAVD), the Bill & Melinda Gates Foundation, and Moderna (the manufacturer of the mRNA used in these studies), this research would not have been possible.




Priming rare antibodies

In the first study, which focused on BG18, Scripps Research scientists collaborated with co-senior authors Shane Crotty, PhD, chief scientific officer at La Jolla Institute for Immunology, and Devin Sok, PhD, former vice president, discovery and innovation at IAVI. Using a priming immunogen, they consistently primed exceptionally rare BG18 precursors in a wild-type animal model.

To confirm they were able to prime the correct precursors, the researchers then teamed up with Andrew Ward, PhD, Scripps Research integrative structural and computational biology professor and co-senior author of the study. Using cryo-EM structural analysis, they validated that the antibodies were indeed part of the BG18 class.

"The fact that priming worked well in macaques suggests that it has a good chance of succeeding in humans," says co-first author, Jon Steichen, PhD, an institute investigator in the Department of Immunology and Microbiology at Scripps Research.

Steichen was also co-first author on a second study, in which mice were modified to produce a low frequency of BG18 precursors. Scripps Research and IAVI scientists, along with the team of co-senior author Facundo Batista, PhD, associate director and scientific director of the Ragon Institute of MGH, MIT, and Harvard, used priming methods similar to the ones used in the first paper. However, a key difference was that this time, they also administered one of two boost immunogens using RNA technology. This resulted in boosting the primed B cells to adapt to recognize more native-like versions of HIV.

"This study showed that we can start to walk the B cells along toward bnAb development," Steichen explains.




Supercharging the immune system into action

For the third study, Schief and his team worked with IAVI scientists, wherein they primed a mouse model with the same immunogen used in the 2022 IAVI clinical trial. This resulted in mice that produced VRC01-class precursor B cells similar to those found in people. But the researchers also designed a new booster immunogen to drive the antibody response toward becoming matured bnAbs -- the next vital step in a sequential immunization series that could effectively fight HIV. The results: a "prime-boost" regimen that can drive VRC01-class B cells toward bnAb development.

"The findings demonstrate that we are able to make the antibody responses go in the right direction using this heterologous booster, which administers a different version of the vaccine than was given previously," says Christopher Cottrell, PhD, a senior staff scientist at Scripps Research who was the first co-author on this study.

Understanding the immunology

In the fourth and final study, on which Cottrell was also a co-first author, the team worked again with Batista's team at the Ragon Institute and used the same immunogens -- but in a different mouse model where his team could control the frequency of bnAb precursors that were modified to be similar to those found in humans. This allowed the researchers to take a deeper dive into the immunology associated with HIV vaccination by examining the germinal centers -- specialized microstructures in the body that protect against viral reinfection. Germinal centers provide B cells with a space to rapidly increase and mutate their antibody genes, ultimately helping the immune system fight off viral strains.

In addition, the researchers examined how germinal centers accumulate HIV mutations over time. They found that a prime-boost regimen increased precursor B-cell activity in germinal centers across different lineages, which could eventually lead to an increase in matured VRC01-class bnAbs.

What's next

Overall, all four papers confirm that the priming step to turn on the right bnAb precursors is possible when it comes to developing an HIV vaccine. Three of those papers specifically demonstrate that it's also possible to guide antibody precursors toward becoming bnAbs that can fight HIV.

"Taken together, the findings give us more confidence that we're able to prime precursors from multiple bnAb targets, and they also show that we're starting to learn the rules for how to advance precursor maturation through heterologous boosting," Schief added.

Following these results, the researchers are advancing phase 1, experimental medicine trials for both the VRC01 and BG18 projects. Vaccines aiming to prime and boost VRC01-class antibodies are being further evaluated in two clinical trials run by IAVI, IAVI G002 and IAVI G003, and a vaccine to prime BG18-class responses is being evaluated in HVTN144. These studies use both adjuvanted protein immunizations (IAVI G001 and HVTN144) and mRNA delivery (IAVI G002 and G003).

The results of these studies will guide the critical next steps on the discovery path to an HIV vaccine.
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What was behind the 2021-2022 energy crisis within Europe? | ScienceDaily
An energy crisis hit Europe in 2021-2022, following Russia's invasion of Ukraine, which sent electricity prices skyrocketing -- even within countries that don't rely on Russian gas. It begs the question: Was there more to it?


						
A team of researchers from the Institute for Energy and Climate Research at Forschungszentrum Julich, the University of Cologne, and the Norwegian University of Life Sciences had already been working with electricity price data for years, exploring statistics and developing forecasting methods. Adopting a European perspective, they zeroed in on how prices in different countries relate and how countries were affected by the energy crisis.

In Chaos, from AIP Publishing, the team addresses the interdependencies of different markets.

"We use an empirical approach to these topics and complement modeling efforts by economists," said Dirk Witthaut, a professor of network science for the Institute for Energy and Climate Research at Forschungszentrum Julich and the University of Cologne.

This approach combines statistical physics and network science, which "provide very useful tools to study questions well beyond the traditional realm of physics," said Witthaut. "The biggest step is to see the connections."

First, the researchers identify communities -- groups of European countries whose markets are strongly correlated. Then, they identify the fundamental spatiotemporal patterns within the electricity price/time data from all countries. The exciting part for the researchers was how these structures and patterns changed during the energy crisis.

The team noticed Russian natural gas and skyrocketing electricity prices were frequently attributed to the soaring gas prices, while other factors were simultaneously at play with impacts that should not be underestimated.




"Remarkably, France and southern Norway saw the strongest increase in electricity prices -- although they do not rely on Russian gas for electric power plants," said Witthaut. "The high unavailability of nuclear power plants in France and the operation of new interconnectors from Norway to the continent surely played a role."

The team found that when the energy crisis shook European electricity markets, the structures and patterns within the electricity price data changed in a variety of ways.

"Our results emphasize that a national perspective on electricity systems can be quite misleading," he said. "Europe's electric power system is highly integrated, which is overall highly beneficial for the customers."

The researchers hope their work will strengthen the European perspective in the political debate about electricity markets and prices, because problems like this are best tackled via international cooperation. They expect immediate impacts within the field of electricity price forecasting.

"Most scientists only look at one national market, but the interactions with other countries must not be neglected," said Witthaut. "We'll get accurate forecasts only if we model all countries together."

The next step for the team is to move beyond analyzing correlations to identifying cause and effects.

"There's an intensive debate about how changes in our electricity mix affect prices and costs," said Witthaut. "How does the rise of renewable power affect market prices? How important are nuclear power plants for the market? We can't answer these questions by a simple correlation analysis. Instead, we need statistical tools that can quantify causal effects."
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Genetic study points to oxytocin as possible treatment for obesity and postnatal depression | ScienceDaily
Scientists have identified a gene which, when missing or impaired, can cause obesity, behavioural problems and, in mothers, postnatal depression. The discovery, reported today in Cell, may have wider implications for the treatment of postnatal depression, with a study in mice suggesting that oxytocin may alleviate symptoms.


						
Obesity and postnatal depression are significant global health problems. Postnatal depression affects more than one in 10 women within a year of giving birth and is linked to an increased risk of suicide, which accounts for as many as one in five maternal deaths in high income countries. Meanwhile, obesity has more than doubled in adults since 1990 and quadrupled in adolescents, according to the World Health Organization.

While investigating two boys from different families with severe obesity, anxiety, autism, and behavioural problems triggered by sounds or smells, a team led by scientists at the University of Cambridge, UK, and Baylor College of Medicine, Houston, USA, discovered that the boys were missing a single gene, known as TRPC5, which sits on the X chromosome.

Further investigation revealed that both boys inherited the gene deletion from their mothers, who were missing the gene on one of their X chromosomes. The mothers also had obesity, but in addition had experienced postnatal depression.

To test if it was the TRPC5 gene that was causing the problems in the boys and their mothers, the researchers turned to animal models, genetically-engineering mice with a defective version of the gene (Trpc5 in mice).

Male mice with this defective gene displayed the same problems as the boys, including weight gain, anxiety, a dislike of social interactions, and aggressive behaviour. Female mice displayed the same behaviours, but when they became mothers, they also displayed depressive behaviour and impaired maternal care. Interestingly, male mice and female mice who were not mothers but carried the mutation did not show depression-like behaviour.

Dr Yong Xu, Associate Director for Basic Sciences at the USDA/ARS Children's Nutrition Research Center at Baylor College of Medicine, said: "What we saw in those mice was quite remarkable. They displayed very similar behaviours to those seen in people missing the TRPC5 gene, which in mothers included signs of depression and a difficulty caring for their babies. This shows us that this gene is causing these behaviours."

TRPC5 is one of a family of genes that are involved in detecting sensory signals, such as heat, taste and touch. This particular gene acts on a pathway in the hypothalamus region of the brain, where it is known to control appetite.




When the researchers looked in more detail at this brain region, they discovered that TRPC5 acts on oxytocin neurons -- nerve cells that produce the hormone oxytocin, often nicknamed the 'love hormone' because of its release in response to displays of affection, emotion and bonding.

Deleting the gene from these oxytocin neurons led to otherwise healthy mice showing similar signs of anxiety, overeating and impaired sociability, and, in the case of mothers, postnatal depression. Restoring the gene in these neurons reduced body weight and symptoms of anxiety and postnatal depression.

In addition to acting on oxytocin neurons, the team showed that TRPC5 also acts on so-called POMC neurons, which have been known for some time to play an important role in regulating weight. Children in whom the POMC gene is not working properly often have an insatiable appetite and gain weight from an early age.

Professor Sadaf Farooqi from the Institute of Metabolic Science at the University of Cambridge said: "There's a reason why people lacking TRPC5 develop all of these conditions. We've known for a long time that the hypothalamus plays a key role in regulating 'instinctive behaviours' -- which enable humans and animals to survive -- such as looking for food, social interaction, the flight or fight response, and caring for their infants. Our work shows that TRPC5 acts on oxytocin neurons in the hypothalamus to play a critical role in regulating our instincts."

While deletions of the TRPC5 gene are rare, an analysis of DNA samples from around 500,000 individuals in UK Biobank revealed 369 people -- around three-quarters of whom were women -- that carried variants of the gene and had a higher-than-average body mass index.

The researchers say their findings suggests that restoring oxytocin could help treat people with missing or defective TRPC5 genes, and potentially mothers experiencing postnatal depression.




Professor Farooqi said: "While some genetic conditions such as TRPC5 deficiency are very rare, they teach us important lessons about how the body works. In this instance, we have made a breakthrough in understanding postnatal depression, a serious health problem about which very little is known despite many decades of research. And importantly, it may point to oxytocin as a possible treatment for some mothers with this condition."

There is already evidence in animals that the oxytocin system is involved in both depression and in maternal care and there have been small trials into the use of oxytocin as a treatment. The team say their work provides direct proof of oxytocin's role, which will be crucial in supporting bigger, multi-centre trials.

Professor Farooqi added: "This research reminds us that many behaviours which we assume are entirely under our control have a strong basis in biology, whether that's our eating behaviour, anxiety or postnatal depression. We need to be more understanding and sympathetic towards people who suffer with these conditions."

This work was supported by Wellcome, the National Institute for Health and Care Research (NIHR), NIHR Cambridge Biomedical Research Centre, Botnar Fondation and Bernard Wolfe Health Neuroscience Endowment.
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Systematic biases at play in clinical trials | ScienceDaily
Randomized controlled trials, or RCTs, are believed to be the best way to study the safety and efficacy of new treatments in clinical research. However, a recent study from Michigan State University found that people of color and white women are significantly underrepresented in RCTs due to systematic biases.


						
The study, published in the Journal of Ethnicity in Substance Abuse, reviewed 18 RCTs conducted over the last 15 years that tested treatments for post-traumatic stress and alcohol use disorder. The researchers found that despite women having double the rates of post-traumatic stress and alcohol use disorder than men, and people of color having worse chronicity than white people, most participants were white (59.5%) and male (about 78%).

"Because RCTs are the gold standard for treatment studies and drug trials, we rarely ask the important questions about their limitations and failings," said Nicole Buchanan, co-author of the study and professor in MSU's Department of Psychology. "For RCTs to meet their full potential, investigators need to fix barriers to inclusion. Increasing representation in RCTs is not simply an issue for equity, but it is also essential to enhancing the quality of our science and meeting the needs of the public that funds these studies through their hard-earned tax dollars."

The researchers found that the design and implementation of the randomized controlled trials contributed to the lack of representation of people of color and women. This happened because trials were conducted in areas where white men were the majority demographic group and study samples almost always reflected the demographic makeup where studies occurred. Additionally, those designing the studies seldom acknowledged race or gender differences, meaning they did not intentionally recruit diverse samples.

Furthermore, the journals publishing these studies did not have regulations requiring sample diversity, equity or inclusion as appropriate to the conditions under investigation.

"Marginalized groups have unique experiences from privileged groups, and when marginalized groups are poorly included in research, we remain in the dark about their experiences, insights, needs and strengths," said Mallet Reid, co-author of the study and doctoral candidate in MSU's Department of Psychology. "This means that clinicians and researchers may unknowinglyremain ignorant to how to attend to the trauma and addiction challenges facing marginalized groups and may unwittingly perpetuate microaggressions against marginalized groups in clinical settings or fail to meet their needs."
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Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature | ScienceDaily
Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of laser light. This accomplishment means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy.


						
For nearly 50 years, physicists have dreamed of the secrets they could unlock by raising the energy state of an atom's nucleus using a laser. The achievement would allow today's atomic clocks to be replaced with a nuclear clock that would be the most accurate clock to ever exist, allowing advances like deep space navigation and communication. It would also allow scientists to measure precisely whether the fundamental constants of nature are, in fact, really constant or merely appear to be because we have not yet measured them precisely enough.

Now, an effort led by Eric Hudson, professor of physics and astronomy at UCLA, has accomplished the seemingly impossible. By embedding a thorium atom within a highly transparent crystal and bombarding it with lasers, Hudson's group has succeeded in getting the nucleus of the thorium atom to absorb and emit photons like electrons in an atom do. The astonishing feat is described in a paper published in the journal Physical Review Letters.

This means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy. The reason is that atomic electrons are influenced by many factors in their environment, which affects how they absorb and emit photons and limits their accuracy. Neutrons and protons, on the other hand, are bound and highly concentrated within the nucleus and experience less environmental disturbance.

Using the new technology, scientists may be able to determine if fundamental constants, such as the fine-structure constant which sets the strength of the force that holds atoms together, vary. Hints from astronomy suggest that the fine-structure constant might not be the same everywhere in the universe or at all points in time. Precise measurement using the nuclear clock of the fine-structure constant could completely rewrite some of these most basic laws of nature.

"Nuclear forces are so strong it means the energy in the nucleus is a million times stronger than what you see in the electrons, which means that if the fundamental constants of nature deviate, the resulting changes in the nucleus are much bigger and more noticeable, making measurements orders of magnitude more sensitive," Hudson said. "Using a nuclear clock for these measurements will provide the most sensitive test of 'constant variation' to date and it is likely no experiment for the next 100 years will rival it."

Hudson's group was the first to propose a series of experiments to stimulate thorium-229 nuclei doped into crystals with a laser, and has spent the past 15 years working to achieve the newly published results. Getting neutrons in the atomic nucleus to react to laser light is challenging because they are surrounded by electrons, which react readily to light and can reduce the number of photons actually able to reach the nucleus. A particle that has raised its energy level, such as through absorption of a photon, is said to be in an "excited" state.




The UCLA team embedded thorium-229 atoms within a transparent crystal rich in fluorine. Fluorine can form especially strong bonds with other atoms, suspending the atoms and exposing the nucleus like a fly in a spider web. The electrons were so tightly bound with the fluorine that the amount of energy it would take to excite them was very high, allowing lower energy light to reach the nucleus. The thorium nuclei could then absorb these photons and re-emit them, allowing the excitation of the nuclei to be detected and measured. By changing the energy of the photons and monitoring the rate at which the nuclei are excited, the team was able to measure the energy of the nuclear excited state.

"We have never been able to drive nuclear transitions like this with a laser before," Hudson said. "If you hold the thorium in place with a transparent crystal, you can talk to it with light."

Hudson said the new technology could find uses wherever extreme precision in timekeeping is required in sensing, communications and navigation. Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

"Nobody gets excited about clocks because we don't like the idea of time being limited," he said. "But we use atomic clocks all the time every day, for example, in the technologies that make our cell phones and GPS work."

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtains on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.

"Humans, like most life on Earth, exist at scales either far too small or far too large to observe what might really be going on in the universe," Hudson said. "What we can observe from our limited perspective is a conglomeration of effects at different scales of size, time and energy and the constants of nature we've formulated seem to hold at this level.

"But if we could observe more precisely, these constants might actually vary! Our work has taken a big step toward these measurements and, either way, I am sure we will be surprised at what we learn."

The research was funded by the U.S. National Science Foundation.

"For many decades, increasingly precise measurements of fundamental constants have allowed us to better understand the universe at all scales and subsequently develop new technologies that grow our economy and strengthen our national security," said Denise Caldwell, acting assistant director of NSF's Mathematical and Physical Sciences Directorate, which provided funding for the research. "This nucleus-based technique could one day allow scientists to measure some fundamental constants so precisely that we might have to stop calling them 'constant.'"
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Optoelectronics gain spin control from chiral perovskites and III-V semiconductors | ScienceDaily
A research effort led by scientists at the U.S. Department of Energy's (DOE's) National Renewable Energy Laboratory (NREL) has made advances that could enable a broader range of currently unimagined optoelectronic devices.


						
The researchers, whose previous innovation included incorporating a perovskite layer that allowed the creation of a new type of polarized light-emitting diode (LED) that emits spin-controlled photons at room temperature without the use of magnetic fields or ferromagnetic contacts, now have gone a step further by integrating a III-V semiconductor optoelectronic structure with a chiral halide perovskite semiconductor. That is, they transformed an existing commercialized LED into one that also controls the spin of electrons. The results provide a pathway toward transforming modern optoelectronics, a field that relies on the control of light and encompasses LEDs, solar cells, and telecommunications lasers, among other devices.

"It's up to one's imagination where this might go or where this might end up," said Matthew Beard, a senior research fellow at NREL and coauthor of the newly published Nature article, "Room temperature spin injection across a chiral-perovskite/III-V interface."

Beard also serves as director of the Center for Hybrid Organic Inorganic Semiconductors for Energy (CHOISE), an Energy Frontier Research Center funded by the Office of Science Basic Energy Sciences within DOE. The reported research was funded by CHOISE and relied on a broad range of scientific expertise drawn from NREL, the Colorado School of Mines, University of Utah, University of Colorado Boulder, and the Universite de Lorraine in France.

The goal of CHOISE is to understand control over the interconversion of charge, spin, and light using carefully designed chemical systems. In particular, the work focuses on control over the electron spin that can be either "up" or "down." Most current-day optoelectronic devices rely on the interconversion between charge and light. However, spin is another property of electrons, and control over the spin could enable a wide plethora of new effects and functionality. The researchers published a paper in 2021 in which they reported how by using two different perovskite layers they were able to control the spin by creating a filter that blocks electrons "spinning" in the wrong direction.

They hypothesized at the time that advancements could be made in optoelectronics if they could successfully incorporate the two semiconductors, and then went on to do just that. The breakthroughs made, which include eliminating the need for subzero Celsius temperatures, can be used to increase data processing speeds and decrease the amount of power needed.

"Most current-day technologies are all based on controlling charge," Beard said. "Most people just forget about the electron spin, but spin is very important, and it's also another parameter that one can control and utilize."

Manipulating the spin of electrons in a semiconductor has previously required the use of ferromagnetic contacts under an applied magnetic field. Using chiral perovskites, the researchers were able to transform an LED to one that emits polarized light at room temperature and without a magnetic field. Chirality refers to the material's structure that cannot be superimposed on its mirror image, such as a hand. For example, a "left-handed" oriented chiral system may allow transport of electrons with "up" spins but block electrons with "down" spins, and vice versa. The spin of the electron is then converted to the "spin," or polarization, of the emitted light. The degree of polarization, which measures the intensity of light that is polarized in one direction, reached about 2.6% in the previous research. The addition of the III-V semiconductor -- which is made of materials in the third and fifth columns of the periodic table -- boosted the polarization to about 15%. The degree of polarization serves as a direct measure of spin accumulation in the LED.

"This work is particularly exciting to me, as it combines spin functionality with a traditional LED platform," said the first author of the work, Matthew Hautzinger. "You can buy an LED analogous to what we used for 14 cents, but with the chiral perovskite incorporated, we've transformed an already robust (and well understood) technology into a futuristic spin-control device."
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Potential new target for early treatment of Alzheimer's disease | ScienceDaily
A class of proteins that regulates cell repair and enhances cell growth-signaling systems could be a promising new target for the treatment of Alzheimer's and other neurodegenerative diseases, according to a new study led by researchers at Penn State. They found that disrupting necessary sugar modifications of these proteins promotes cell repair and reverses cellular abnormalities that occur in neurodegenerative diseases.


						
The study appeared today (July 2) in the journal iScience, and the researchers have a patent related to this work.

"Strategies to treat Alzheimer's disease to date have largely focused on pathological changes prominent in the late stages of the disease," said Scott Selleck, professor of biochemistry and molecular biology in the Penn State Eberly College of Science and leader of the research team. "Although recently [U.S. Food and Drug Administration]-approved drugs have shown the ability to modestly slow the disease by targeting one of these changes, amyloid accumulation, drugs that affect the earliest cellular deficits might provide important tools to stop or reverse the disease process. We are interested in understanding the earliest cellular changes that are found not only in Alzheimer's, but shared across other neurodegenerative diseases, including Parkinson's and amyotrophic lateral sclerosis (ALS)."

Roughly 6.9 million Americans over the age of 65 are estimated to be living with Alzheimer's disease, according to the Alzheimer's Association. Despite its widespread impact, there is no agreed upon biological cause or mechanism for the disease. Cell-signaling molecules called heparan sulfate-modified proteins have been implicated in the development of Alzheimer's, but their specific role has remained unclear, Selleck said. In this study, the research team first performed a series of analyses in human cell lines and mouse brain cells that express aspects of Alzheimer's, showing that these proteins regulate cellular processes known to be affected in several neurodegenerative diseases.

Heparan sulfate-modified proteins are found both on the surface of animal cells and in the matrix between cells. This class of proteins are named for a sugar polymer that bears many sulfate groups, called heparan sulfate. Heparan sulfate chains are attached to specific proteins, and this modification allows these proteins to assemble signaling complexes that affect cell growth and influence how the cell interacts with its environment. These signaling pathways also regulate autophagy, a process of cell repair that clears out damaged or dysfunctional components in the cell.

"In the early stages of several neurodegenerative diseases, autophagy is compromised, which means cells have a reduced repair capacity," Selleck said. "In this study, we determined that heparan sulfate-modified proteins suppress autophagy-dependent cell repair. What's more, we show that by compromising the structure and function of the sugar modifications of these proteins, the levels of autophagy increase so cells can take care of damage."

The researchers found that, in human and mouse cells, reducing the function of heparan sulfate-modified proteins also rescued other pathologies that arise early in neurodegenerative diseases, improving the function of mitochondria -- which are responsible for energy production in the cell -- and reducing build-up of lipids, or fatty compounds, inside cells.




The researchers then evaluated the role of heparan sulfate-modified proteins in an animal model of Alzheimer's, a fruit fly with deficits in a presenilin protein. Presenilin mutations cause early onset disease in humans and likewise in fruit flies; defective presenilin causes cell death and brain degeneration. In flies with deficits in presenilin, reducing the function of heparan sulfate chains suppressed the death of neurons and corrected other cell defects as well. These results are directly relevant to recent human genetics research, the researchers said.

"Individuals with mutations in a presenilin gene, PSEN1, develop Alzheimer's in their mid-40s. But if they also inherit a rare genetic change in a specific protein called APOE, the disease is delayed, sometimes by decades," Selleck said, explaining that APOE plays an important role in lipid transport and binds to heparan sulfate. "This change in APOE -- which has been in the news lately -- greatly reduces APOE binding to heparan sulfate. Our work builds on and extends these findings, directly implicating heparan sulfate in Alzheimer's pathology involving both PSEN1 and APOE. Targeting the enzymes that make heparan sulfate could provide a means of blocking neurodegeneration in humans."

Collectively, these results show that disrupting the structure of heparan sulfate modifications, blocks or reverses early cellular problems in these models of Alzheimer's.

"We save the animal from neuron cell loss, mitochondrial defects and rescue behavior deficits that serve as a measure of nervous system function," Selleck said. "These findings suggest a promising target for future treatments that could rescue the earliest abnormalities that occur in many neurodegenerative diseases."

The researchers also explored how gene expression changed when they eliminated the capacity of human cells to make heparan sulfate chains. They found that expression levels of more than 50% of approximately 70 genes known to be associated with late-onset Alzheimer's disease were modulated, including APOE, suggesting a link between heparan sulfate-modified proteins and the more common and late onset forms of Alzheimer's disease.

"There is a critical need to focus on cellular changes that occur at the earliest times in disease progression and develop treatments that block or reverse them," Selleck said. "We demonstrate that reduced autophagy, mitochondrial defects and lipid build-up -- all common changes in neurodegenerative disease -- can be blocked by altering one class of proteins, those with heparan sulfate modifications. We think these molecules are promising targets for drug development."

The researchers suspect that disrupting this pathway to promote cell repair systems could be important for a wide variety of other diseases where autophagy defects occur.




"The applications of manipulating this pathway may be broadly useful across a number of human medical conditions," Selleck said.

The research team at Penn State also includes co-authors Nicholas Schultheis, doctoral student in the Biochemistry, Microbiology and Molecular Biology program; Alyssa Connell, research assistant; and Richard Mueller, Alexander Kapral, Robert Becker, Shalini Shah, Mackenzie O'Donnell, Matthew Roseman, Lindsey Swanson and Sophia DeGuara, all undergraduate students. Contributions were also made by researcher Weihua Wang and Associate Professor of Pharmacology Fei Yin at the University of Arizona and graduate student Tripti Saini and Assistant Professor of Biochemistry and Molecular Biology Ryan Weiss at the University of Georgia.

Funding from the National Institutes of Health and the Penn State Eberly College of Science supported this research.
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Serendipity reveals new method to fight cancer with T cells | ScienceDaily
A promising therapy that treats blood cancers by harnessing the power of the immune system to target and destroy cancer cells could now treat solid tumors more efficiently. Thanks to a recent study published in Molecular Therapy -- Methods & Clinical Development from Dan Cappabianca and Krishanu Saha at the Wisconsin Institute for Discovery, Chimeric Antigen Receptor (CAR) T-cell therapy can be improved by altering the conditions the T cells are grown in. And it was all discovered by chance.


						
T cells are white blood cells crucial for the immune system's response to infections and cancer. They can be modified with CRISPR/Cas9 genome editing technology to express a specific receptor that redirects their natural "killing instincts" toward targeting cancer cells, specifically those in tumors. T cells can "remember" a pathogen after first exposure, allowing a quicker and stronger response if encountered again, like how vaccines train the immune system to recognize and fight off specific pathogens.

But for the cells to be used as a robust cancer treatment, they must be made in specific conditions in the lab.

"We were comparing two distinct T-cell media formulations with varying nutrient levels," explains Cappabianca. "Interestingly, our breakthrough came entirely by chance. I inadvertently placed the cells in the wrong medium, which unexpectedly became the focal point of my entire thesis!" In the body, T cells develop from stem cells in the bone marrow. In the lab, researchers activate the T cells in a nutrient-deficient medium with low concentrations of glucose and glutamine which the cells need for energy. Then they move them to a high-nutrient medium. The first step stresses the cells and triggers specific processes that can enhance their ability to target tumors, promote the formation of T memory cells, and select the more resilient cells that can survive with such low levels of energy. The second step supports rapid growth and T cell multiplication.

The result of this "metabolic priming" was that treated cells retained their stem cell-like qualities, thus enhancing their ability to kill cancer cells, transform into durable memory cells, and survive longer in the body.

"We discovered that by briefly restricting sugar exposure, akin to a three-day 'keto diet,' our T cells showed reduced maturity at the end of the manufacturing process. The less mature they are when reinfused into a patient, the longer they live fighting cancer," says Cappabianca.

The two-step process also appeared to help with cell memory. In CAR T-cell therapy, boosting these memory properties helps T cells better recognize and combat cancer over time.

In recent studies using T cells grown with the lab's new approach, 63% of patients experienced a partial or complete reduction in tumors for a time. That's an improvement from clinical trials using CAR T cells that were not grown with the lab's two-step process where just 15% of patients experienced a partial or complete reduction in tumors after treatment.

More research is needed to understand the key factors that help these CAR T cells live longer and become effective against solid tumors. Looking ahead, researchers hope that this process of "metabolically priming" these specific kinds of CAR T cells can be adapted for large-scale manufacturing with the ultimate goal of treating patients within the next few years.

"A famous aphorism by French chemist, Louis Pasteur is that 'chance favors only the prepared mind,'" says Saha. "Our unplanned media switch -- really by chance -- led us on a new path of discovery."
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Study explores what motivates people to watch footage of disasters and extreme weather | ScienceDaily
Extreme weather events such as hurricanes and storms have increased in both frequency and severity in recent years.


						
With that has come heightened public interest, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord.

Now, a new study conducted at the University of Plymouth has for the first time analysed what might be motivating people to watch these streams -- in some instances for up to 12 hours at a time.

The research centred around the live-streaming of three events -- Hurricane Irma in 2017, Hurricane Ian in 2022, and Storms Dudley, Eunice and Franklin in 2022.

Through a detailed analysis of viewers' comments, it was found that people in affected areas were using streams to discuss official government risk advice they had received -- for example, about whether to evacuate.

Others were drawn to the streams because they had a previous connection to the affected region. For these people, watching live footage -- which included taking time to share messages of 'hope' for the hurricane or storm to pass without destruction -- was a way of showing support to places and people impacted by the event.

The research was published in the journal Environmental Hazards and conducted by Dr Simon Dickinson, Lecturer in Geohazards and Risk in the University's School of Geography, Earth and Environmental Sciences.




He said: "When dramatic things happen -- whether that relates to extreme weather or events like tornados or volcanoes erupting -- people flock to watch. You might assume that this is just a form of online 'rubber-necking, and that people are naturally drawn to spectacular sights. However, this study has shown that the drivers to watch extreme weather footage are more complex. Live-streams provide the opportunity for people in, close to, and far away from the event to interact in real time. The footage becomes a marker that people use to sense-check their understandings of how significant the event is, how hazards work, and as an online gathering point to share experiences of similar events. It is a fascinating insight into human behaviour that has previously been unexplored."

The research focused on nine live-streams of the 2017 and 2022 hurricanes and storms, which broadcast a total of 65 hours of video footage watched by more than 1.8 million people.

During that time, over 14,300 comments were left by 5,000 unique accounts, a reflection of the fact that footage focused on unfolding events of national or global importance generate higher-than-normal audience engagement.

Many of the streams were already existing webcam channels that were repurposed during the hurricane or storm, such as webcams that streamed beach or port conditions. In some instances, affected people streamed live-footage from their own house security or doorbell cameras.

The study demonstrates that people are keen to learn more about the science behind what is happening, highlighting the need for further work that examines how people are using new technologies to make sense of hazard risk.

Dr Dickinson added: "Although scientists are getting better at communicating risk, people are far more likely to discuss hazards in informal and relatively unmoderated settings. Moments of extreme weather are important because they focus people's attention and generate discussion about hazards, how they work, and how they will increasingly affect us in future. New digital practices -- such as live-streaming -- are thus important for us to understand because they're not just spaces of disaster voyeurism. Rather, they're spaces of learning, community and emotional support in a world that can feel increasingly volatile."
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'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness | ScienceDaily
A new study published this week shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.


						
In Australia, more than 500,000 employees sustain injuries or illnesses relating to work and in 60% of cases, this requires time off work. That equates to around $30 billion, equivalent to the annual output of Australia's agricultural sector.

In Canada, their annual costs are equivalent (CAD $29.4 billion); the United Kingdom comes in at GBP PS18.8 billion each year and across the European Union (EU), a staggering EU467 billion a year.

New research published in Safety Science reveals that companies that offer healthy working conditions to employees, including supportive relationships with supervisors, valuing skills and job autonomy, and minimising work stress, report far fewer days lost per workers' compensation claim.

Researchers from the University of South Australia's Psychosocial Safety Climate Global Observatory compared working conditions in 100 Australian organisations to 12,000 injured workers' compensation claims, identifying the root cause of delays in people returning to work after workplace-related injury or illness.

Organisations with a poor psychosocial safety climate (PSC) reported 160% more days off due to workplace injury or illness, compared to high PSC organisations (177 days vs 68 days).

Likewise, costs for the injury or illness were 104% greater in very low PSC organisations versus high PSC organisations ($67,260 vs $32,939 per employee).




"Our findings show that a healthy psychological climate in workplaces is essential if companies want to reduce working time loss and costs related to workplace injuries and illnesses," says UniSA ARC Laureate Fellow Professor Maureen Dollard.

The researchers avoided individual bias by correlating data sets at the organisational level rather than surveys with injured employees on retrospective work conditions.

"Aside from a strong PSC, the most important factors in predicting a quicker return to work included how satisfying and rewarding their job was, how supportive their supervisor was, whether their skills were potentially adaptable, and how much autonomy they had in their role."

In Australia, during 2017-18, an estimated 563,000 people had an injury or illness related to work, representing 4.2% of the workforce. In 60% of cases, this involved taking time off work, costing the equivalent of Australia's annual agricultural output, or 1.6% of the nation's GDP.

The most common occupations featured in the claims data included nurses, police officers and personal assistants. Muscle-related injuries comprised the bulk of the claims.

"These findings provide more evidence that 'healthy' workplaces matter," says Prof Dollard. "They are not only important to our psychological health and to prevent injury to workers, but PSC is just as important following injury or illness.

"Building an organisation with strong PSC will help to reduce time lost and also cut costs through better injury prevention and management."
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Safer, swifter, smaller scar: New brain surgery approach targets difficult tumors at skull base | ScienceDaily
Tumors arising in the base of the skull are among the most difficult to remove in neurosurgery. The current treatment method is to perform surgical removal by what is known as the microscopic anterior transpetrosal approach (ATPA). Seeking to lessen the risk of damage and postoperative complications, as the skull base is densely packed with nerves, blood vessels, and other tissues, not to mention the brain stem, an Osaka Metropolitan University medical research team is taking a new approach.


						
Led by Dr. Hiroki Morisako, a lecturer in the Graduate School of Medicine's Department of Neurosurgery, and Professor Takeo Goto, who heads the department, the team has developed a minimally invasive surgical technique called a purely endoscopic subtemporal keyhole ATPA. The team members write in The Journal of Neurosurgery that this is, to their knowledge, the first time this procedure to remove lesions in the skull base region known as the petrous apex has been described in an article.

The endoscopic technique means a smaller area of the skull needs to be surgically opened compared to the microscopic approach, an average of only 11.2 cm2 versus 33.9 cm2. The risk of damage to the brain is also reduced.

The team performed 10 neurosurgeries using their method from 2022 to 2023 at Osaka Metropolitan University Hospital and compared the results to 13 surgeries using the microscopic ATPA from 2014 to 2021. In terms of operative time, the endoscopic approach reduced it noticeably, from an average of 410.9 minutes to 252.9 minutes. Similarly, blood loss lessened from a mean of 193 ml to 90 ml. The degree of tumor resection (surgical removal) was just as high as the microscopic method, while neurological functions were preserved at a rate equal to or higher than with the conventional approach.

"Comparison of the new endoscopic method and the conventional microscopic method showed no significant difference in tumor resection rate or in the ability to perform daily activities before and after surgery, with the new endoscopic approach resulting in shorter operative times and less blood loss," Professor Goto stated. "The widespread use of this surgical procedure is expected to improve the treatment results of brain tumors in the base of the skull, not only in Japan but also worldwide."
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Watching others' biased behavior unconsciously creates prejudice | ScienceDaily
We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists of the University of Amsterdam (UvA), who show for the first time that observational learning is an important mechanism of prejudice formation. Their results were published today in Science Advances.


						
David Amodio (UvA): 'What we found in our research is that prejudice can form by merely observing other people's social interactions. When an observer views a prejudiced person's interaction with a group member, they unconsciously form the same prejudice. Moreover, because observers are unaware that they picked up this bias, they go on to act with prejudice in their own behavior.'

This mechanism helps to explain how societal prejudices spread so easily, for example, through the viewing of TV programmes, YouTube or other social media where biased interactions with a certain groups takes place. By merely observing those interactions, vicariously and with no direct contact, people may take on the same prejudices.

Experiment

During the experiments, a research participant viewed interactions between an actor and members of two different groups. Across participants, the actor varied in prejudice, but the behavior of group members was always identical. When observers later interacted with the same group members, observers showed a preference in line with the actor's prejudice. Moreover, observers were unaware that they were influenced by the prejudiced actor; instead, they misperceived worse behavior from group members who interacted with a prejudiced actor, when in fact, members of both groups acted the same.

Bad behaviour

Amodio: 'A troubling implication is that, because the observer believes that their preference is based on objective evidence, they have no reason to question it or control it.'
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Exploring the chemical space of the exposome: How far have we gone? | ScienceDaily

In science lingo the aggregate of all the molecules we are exposed to is called the 'exposome chemical space' and it is central to Samanipour's scientific endeavours. It is his mission to explore this vast molecular space and map it to the most 'remote' corners. He is driven by curiosity, but even more so by necessity. Direct and indirect exposure to a myriad of chemicals, mostly unknown, poses a significant threat to the human health. For instance, estimates are that 16% of global premature deaths are linked to pollution. The environment suffers as well, which can be seen, for example, in the loss of biodiversity. The case can be made, according to Samanipour, that humankind has surpassed the safe operating space for introducing human-made chemicals into the system of planet Earth.

Current approach is inherently passive

"It is rather unsatisfactory that we know so little about this," he says. "We know little about the chemicals already in use, let alone that we can keep up with new chemicals that are currently being manufactured at an unprecedented rate." In a previous study, he estimated that less than 2% of all chemicals that we are exposed to have been identified.

"The way society approaches this issue is inherently passive and at best reactive. Only after we observe some sort of effects of exposure to chemicals do we feel the urge to analyse them. We attempt to determine their presence, their effect on the environment and human health, and we try to determine the mechanisms by which they cause any harm. This has led to many problems, the latest being the crisis with PFAS chemicals. But we have also seen major issues with flame retardants, PCBs, CFCs and so on."

Moreover, regulatory measures are predominantly aimed at chemicals with a very specific molecular structure that are produced in large quantities. "There are countless numbers of other chemicals out there where we don't know much about. And these are not only man-made; nature also produces chemicals that can harm us. Through purely natural synthetic routes, or through the transformation of human-made chemicals." In particular the latter category has been systematically overlooked according to Samanipour. "Conventional methods have catalogued only a fraction of the exposome, overlooking transformation products and often yielding uncertain results."

We need a data-driven approach

The paper in JACS Au thoroughly reviews the latest efforts in mapping the exposome chemical space and discusses their results. A main bottleneck is that conventional chemical analysis is biased towards known or proposed structures, since this is key to interpreting data obtained with analytical methods such as chromatography and mass spectrometry (GC/LC-HRMS). Thus the more 'unexpected' chemicals are overlooked. This bias is avoided in so-called non-targeted analysis (NTA), but even then results are limited. Over the past 5 years, 1600 chemicals have been identified while every year around 700 new chemicals are introduced into the US market alone. Samanipour: "When you take the potential transformation products of these novel chemicals into account, you have to conclude that the speed of NTA studies is far too slow to be able to catch up. At this rate, our chemical exposome will continue to remain unknown."




The paper lists these and many more bottlenecks in current analytical science and suggest ways to improve results. In particular the use of machine learning and artificial intelligence will really push the field ahead, Samanipour argues. "We need a data-driven approach along several lines. Firstly, we should intensify the datamining efforts to distil information from existing chemical databases. Already recorded relations between structure, exposure and effect of identified chemicals will lead us to new insights. They could for instance help predict the health effects of related chemicals that are yet unidentified. Secondly, we have to perform retrospective analysis on already available analytical data obtained with established methods, expanding the identified chemical space. We will for sure find molecules there that have been overlooked until now. And thirdly, we can use AI to work on understanding the structure and scope of the exposome chemical space."

Work hard to tackle this

Of course all this is a very complex, daunting matter, Samanipour realises. But as a sort of astronaut in molecular space -- just like the explorers of the factual universe -- he won't let that complexity put him off. "We have to work hard to tackle this. I have no illusion that during my scientific career we will be able to fully chart the exposome chemical space. But it is imperative that we face its complexity, discuss it and take the first steps towards getting to grips with it."

Samanipour cooperated with colleagues at the UvA's Institute for Biodiversity and Ecosystem Dynamics, the School of Public Health at Imperial College London (United Kingdom) and the Queensland Alliance for Environmental Health Sciences at the University of Queensland (Australia). The work was supported by the TKI ChemistryNL and the UvA Data Science Center, with additional local funding for the partners in the UK and Australia.
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A new breakthrough in understanding regeneration in a marine worm | ScienceDaily

Even more surprising, the team found that this ability of gut cells to regenerate other tissue varies according to their location: the closer they are to the posterior end of the worm, the greater the variety of cell types they can rebuild2. This study will appear in Development on 2 July.

Scientists carried out these observations by monitoring the outcome of gut cells and proliferative cells that form close to the amputated end of the worm. This was tracked using different markers in particular by fluorescent beads ingested by the worms. Annelids, or 'segmented worms', which have only been studied in the last 20 years, are an ideal model for the study of regeneration, a process that is widespread in animals but still mysterious for scientists.

The research team will continue this work to determine whether cell types, other than gut cells, can play a role in regenerating a variety of cell types.

Notes

1 -- Working at the Institut Jacques Monod (CNRS/Universite Paris Cite). Scientists at Inserm and Universite Paris Cite also contributed to this research.

2 -- Only cells involved in the nervous system and growth zone of the worm (a ring of stem cells involved in the continuous growth of the animal until it reaches sexual maturity) cannot, it appears, be generated by gut cells found in the posterior end of the worm.
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Crucial gaps in climate risk assessment methods | ScienceDaily
A study by Stefano Battiston of the Department of Finance at the University of Zurich and his co-authors has identified critical shortcomings in the way climate-related risks to corporate assets are currently assessed. Many current estimates of climate physical climate risk rely on simplified and proxy data that do not accurately represent a company's true risk exposure. This can lead to significant underestimates of climate-related losses, with serious implications for business investment planning, asset valuation and climate adaptation efforts.


						
Potential losses up to 70% higher than previously estimated

The research team developed a new methodology that uses detailed information about the location and characteristics of a company's physical assets, such as factories, equipment and natural resources. This approach provides a more accurate picture of climate risks than methods that use proxy data, which often assume that all of a company's assets are located at its headquarters. "When we compared our results with those using proxy data, we found that the potential losses from climate risks could be up to 70% higher than previously thought," says Stefano Battiston. "This underscores the critical need for more granular data in risk assessments."

Preparing for the worst: The role of extreme events

The authors also point to the importance of considering "tail risk" in climate assessments. Tail risk refers to the possibility of extreme events that, while rare, can have catastrophic impacts. "Many assessments focus on average impacts. Our research shows that the potential losses from extreme events can be up to 98% higher than these averages suggest," says Stefano Battiston. "Failure to account for these possibilities can leave businesses and investors dangerously unprepared."

More funding for climate adaptation

The study's findings have significant implications for climate policy, business strategy, and investment decisions. The researchers emphasize that more accurate risk assessments are crucial for developing effective climate adaptation strategies and determining appropriate levels of climate-related insurance and funding. "Our work shows that we may be seriously underestimating the financial resources needed for climate adaptation," concludes Stefano Battiston.
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Neutrons on classically inexplicable paths | ScienceDaily
Can a particle be in two different places at the same time? In quantum physics, it can: Quantum theory allows objects to be in different states at the same time -- or more precisely: in a superposition state, combining different observable states. But is this really the case? Perhaps the particle is actually in a very specific state, at a very specific location, but we just don't know it?


						
The question of whether the behaviour of quantum objects could perhaps be described by a simple, more classical theory has been discussed for decades. In 1985, a way of measuring this was proposed: the so-called "Leggett-Garg inequality." Any theory that describes our world without the strange superposition states of quantum theory must obey this inequality. Quantum theory, on the other hand, violates it. Measurements with neutrons testing this "Leggett-Garg inequality" have now been carried out for the first time at TU Wien -- with a clear result: the Leggett-Garg inequality is violated, classical explanations are not possible, quantum theory wins. The results have now been published in the journal Physical Review Letters.

Physical realism

We normally assume that every object has certain properties: A ball is at a certain location, it has a certain speed, perhaps also a certain rotation. It doesn't matter whether we observe the ball or not. It has these properties quite objectively and independently of us. "This view is known as 'realism'," says Stephan Sponar from the Atomic Institute at TU Wien.

We know from our everyday experience that large, macroscopic objects in particular must obey this rule. We also know that Macroscopic objects can be observed without being influenced significantly. The measurement does not fundamentally change the state. These assumptions are collectively referred to as "macroscopic realism."

However, quantum theory as we know it today is a theory that violates this macroscopic realism. If different states are possible for a quantum particle, for example different positions, speeds or energy values, then any combination of these states is also possible. At least as long as this state is not measured. During a measurement, the superposition state is destroyed: the measurement forces the particle to decide in favour of one of the possible values.

The Leggett-Garg inequality

Nevertheless, the quantum world must be logically connected to the macroscopic world -- after all, large things are made up of small quantum particles. In principle, the rules of quantum theory should apply to everything.




So the question is: Is it possible to observe behaviour in "large" objects that cannot be reconciled with our intuitive picture of macroscopic realism? Can macroscopic things also show clear signs of quantum properties?

In 1985, physicists Anthony James Leggett and Anupam Garg published a formula with which macroscopic realism can be tested: The Leggett-Garg Inequality. "The idea behind it is similar to the more famous Bell's inequality, for which the Nobel Prize in Physics was awarded in 2022," says Elisabeth Kreuzgruber, first author of the paper. "However, Bell's inequality is about the question of how strongly the behaviour of a particle is related to another quantum entangled particle. The Leggett-Garg inequality is only about one single object and asks the question: how its state at specific points in time related to the state of the same object at other specific points in time?"

Stronger correlations than classical physics allows

Leggett and Garg assumed an object that can be measured at three different times, each measurement can have two different results. Even if we know nothing at all about whether or how the state of this object changes over time, we can still statistically analyse how strongly the results at different points in time correlate with each other.

It can be shown mathematically that the strength of these correlations can never exceed a certain level -- assuming that macroscopic realism is correct. Leggett and Garg were able to establish an inequality that must always be fulfilled by every macroscopic realistic theory, regardless of any details of the theory.

However, if the object adheres to the rules of quantum theory, then there must be significantly stronger statistical correlations between the measurement results at the three different points in time. If an object is actually in different states at the same time between the measurement times, this must -- according to Leggett and Garg -- lead to stronger correlations between the three measurements.




Neutron beams: Centimetre-sized quantum objects

"However, it is not so easy to investigate this question experimentally," says Richard Wagner. "If we want to test macroscopic realism, then we need an object that is macroscopic in a certain sense, i.e. that has a size comparable to the size of our usual everyday objects." At the same time, however, it must be an object that has a chance of still showing quantum properties.

"Neutron beams, as we use them in a neutron interferometer, are perfect for this," says Hartmut Lemmel, instrument responsible at the S18 instrument at the Institut Laue-Langevin (ILL) in Grenoble, where the experiment was conducted. In the neutron interferometer, a silicon perfect crystal interferometer that was first successfully used at the Atomic Institute of TU Wien in the early 1970s, the incident neutron beam is split into two partial beams at the first crystal plate and then recombined by another piece of silicon. There are therefore two different ways in which neutrons can travel from the source to the detector.

"Quantum theory says that every single neutron travels on both paths at the same time," says Niels Geerits. "However, the two partial beams are several centimetres apart. In a sense, we are dealing with a quantum object that is huge by quantum standards."

Using a sophisticated combination of several neutron measurements, the team at TU Wien was able to test the Leggett-Garg inequality -- and the result was clear: the inequality is violated. The neutrons behave in a way that cannot be explained by any conceivable macroscopically realistic theory. They actually travel on two paths at the same time, they are simultaneously located at different places, centimetres apart. The idea that "maybe the neutron is only travelling on one of the two paths, we just don't know which one" has thus been refuted.

"Our experiment shows: Nature really is as strange as quantum theory claims," says Stephan Sponar. "No matter which classical, macroscopically realistic theory you come up with: It will never be able to explain reality. It doesn't work without quantum physics."
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True scale of carbon impact from long-distance travel revealed | ScienceDaily
The reality of the climate impact of long-distance passenger travel has been revealed in new research from the University of Leeds.


						
Despite only accounting for less than 3% of all trips by UK residents, journeys of more than 50 miles (one way) are responsible for 70% of all passenger travel-related carbon emissions.

The disparity is even greater when international travel is singled-out: international journeys are only 0.4% of total trips but are responsible for 55% of emissions.

The new research, published today in the journal Nature Energy, also shows that targeting long-distance travel may be a more effective way of tackling emissions than current efforts which focus on local and commuter journeys.

Whilst the number of long and short distance domestic journeys by car have fallen slightly over the last 25 years, international air travel has increased significantly, driven by an increase in trips for leisure and visiting friends and family.

Dr Zia Wadud from the University's Institute for Transport Studies and School of Chemical and Process Engineering and who led the research, said: "The scale of the impact of long-distance travel is very large indeed. That just less than 3% of our trips are responsible for around 60% of miles and 70% of emissions shows how important long-distance travel is in the fight to combat climate change.

"Worryingly, long distance trips, especially flights, have been growing; however, they offer opportunities too."

Using a new metric they have created, called emission reduction sensitivity, the research team has calculated which types of travel could be changed to maximise a reduction in carbon emissions from passenger travel whilst affecting as few people or trips as possible.




Greater potential from reducing long-distance travel

The research found that if all car journeys under eight miles were shifted to walking or cycling, there would be a 9.3% reduction in carbon emissions. However, around 55% of all journeys would need to be shifted to achieve this, as most travel is done locally and in cars.

Calculated by dividing the carbon reduction percentage by the percentage of journeys altered, the emission reduction sensitivity for this change would be just 0.17 -- the lowest recorded in the study.

By contrast, if all flights of less than 1,000 miles were moved to rail, there would be a 5.6% reduction in emissions but only 0.17% of journeys would be affected -- resulting in a sensitivity value of 33.2.

At the top end, theoretically limiting everyone who flies now to one return flight abroad per year would have a value of 158.3, as so few journeys would be affected.

The researchers stress that the potential changes are only suggestions meant to make us realise and reassess the impact of our long-distance travel, rather than concrete policy proposals.




Dr Muhammad Adeel, a co-author now at the Centre for Transport and Society at the University of the West of England, added: "Whilst efforts to move local journeys to more sustainable modes of transport are really positive, by omitting aviation emissions from national statistics -- as is the case at the moment in nearly all countries -- we are not getting a holistic picture and ignoring a large part of the problem."

A call to rethink our travel's carbon impact

The researchers also hope that their findings can act as a driver for policymakers to look at changes in how effort is assigned when dealing with the impact of travel on the environment.

The data was collected from the Department for Transport's National Travel Survey, and the International Passenger Survey, which is organised by the Office for National Statistics.

The research also offers the public an insight into the impact that changing their behaviour could have.

Dr Wadud added: "The important thing both at the policy and personal level is that we prioritise the relatively fewer longer distance trips -- especially flights -- in order to realize the largest reductions."
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Researchers unlock 'materials genome', opening possibilities for next-generation design | ScienceDaily
A new microscopy method has allowed researchers to detect tiny changes in the atomic-level architecture of crystalline materials -- like advanced steels for ship hulls and custom silicon for electronics. The technique could advance our ability to understand the fundamental origins of materials properties and behaviour.


						
In a paper published today in Nature Materials, researchers from the University of Sydney's School of Aerospace, Mechanical and Mechatronic Engineering introduced a new way to decode the atomic relationships within materials.

The breakthrough could assist in the development of stronger and lighter alloys for the aerospace industry, new generation semiconductors for electronics, and improved magnets for electric motors. It could also enable the creation of sustainable, efficient and cost-effective products.

The study, led by University of Sydney Pro-Vice-Chancellor (Research Infrastructure) Professor Simon Ringer, harnessed the power of atom probe tomography (APT) to unlock the intricacies of short-range order (SRO). The SRO process is key to understanding the local atomic environments essential for development of innovative materials which could underpin a new generation of alloys and semiconductors.

SRO is sometimes likened to the 'materials genome', the arrangement or configuration of atoms within a crystal. This is significant because different local atomic arrangements influence the electronic, magnetic, mechanical, optical, and other properties of materials, which have a bearing on the safety and functionality of a range of products.

Until now, SRO has been challenging for researchers to measure and quantify because atomic arrangements occur at a scale so small that they are difficult to see with conventional microscopy techniques.

The new method using APT, developed by Professor Ringer's team, overcomes these challenges, paving the way for advances in materials science that could have far-reaching implications across steels for ship hulls and custom silicon for electronics ina range of industries.




"Our research presents a significant breakthrough in materials science," said Professor Ringer, a materials engineer in the School of Aerospace, Mechanical and Mechatronic Engineering (AMME).

"Beyond crystal structure and symmetry, we wanted to know more about the atomic-scale neighbourhood relationships within the crystal -- are they random, or non-random? If the latter, we want to quantify that. SRO gives us this information in detail, opening up vast possibilities for materials that are custom-designed, atom-by-atom, with specificneighbourhood arrangements to achieve desired properties like strength."

The study focused on high entropy alloys, which are promising for various advanced engineering applications.

"These alloys are the subject of an enormous worldwide research effort because of the interest in using them in situations requiring high-temperature strength, such as in jet engines and power plants, as well as for neutron irradiation shielding in nuclear reactors, where protection against radiation damage is necessary," said Professor Ringer.

The team used advanced data science techniques drawing on data from APT -- a sophisticated imaging technique that visualises atoms in 3D, allowing the team to observe and measure SRO, comparing how it changes in alloys under different processing conditions.

The research focused on observations of a cobalt-chromium-nickel high entropy alloy, revealing how differentheat treatments can change SRO.




"This provides a template for future studies in which SRO controls critical material properties. There is lots more to do on various aspects of the analysis of SRO -- it's a hard problem, but this is an important step forward," said Professor Ringer.

Dr Mengwei He, postdoctoral research fellow in the School of Aerospace, Mechanical and Mechatronic Engineering said:

"The ability to measure and understand short-range order has transformed our approach to materials design. It gives us a new set of eyes to see how small changes at the atomic level architecture can lead to giant leaps in materials performance."

Critically, the study enhances the capabilities of researchers to computationally simulate, model and ultimately predict materials behaviour because SRO provides the detailed atomic-scale blueprint.

Senior postdoctoral fellow Dr Andrew Breen said: "We have demonstrated that there are regimes where the SRO really can be measured using atom probe tomography. Not only have we pioneered an experimental approach and computational framework to measuring SRO, we have produced a sensitivity analysis that bounds the precise range of circumstances whereby such measurements are valid, and where they are not valid."

Dr Will Davids, who completed his doctorate with Professor Ringer and now works for engineering firm Infravue said: "This is an exciting advance because we've shown that SRO measurements are possible in multicomponent alloys, which will no doubt be of benefit to the materials science and engineering community. The community are now going to want to learn how to further expand the measurable regime of SRO, so a big space in this research field has just opened up."
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Spotted apex predator being pressured by spotted pack hunters -- and it's our fault | ScienceDaily
Who's stronger? A solitary leopard or cackle of hyenas? And which is best at getting along with humans?


						
University of Copenhagen researchers closely studied this in a large East African natural area surrounded by rural settlements. The study demonstrates that the presence of humans has a direct impact on the competitive relationship between the two large predator species: leopards (Panthera pardus) -- the iconic spotted feline and the spotted hyena (Crocuta crocuta) -- a kleptoparasite and pack hunter known for its comical appearance and characteristic 'laugh'.

"We humans continue eating our way into the little bit of wilderness left in the world. As we do, we impact wildlife. This study demonstrates that human disturbance upsets the balance between competing species and that this advantages hyenas," says Rasmus W. Havmoller, the study's first author and a postdoc at the University of Copenhagen's Natural History Museum of Denmark.

For months, Havmoller have been using camera traps to observe the dynamics between hyenas and leopards living in Tanzania's Udzungwa Mountains -- an approximately 2,000 km2 national park that is completely surrounded by agricultural and populated areas. The study is the first to combine camera observations of large predators over both time and space in a single analysis.

While the hyena as a species seems to be increasing in numbers, the population of leopards has been in significant decline for decades, both in Africa and worldwide. Since hyenas are the leopards' only competitor in this particular natural area, the ability of the two species to coexist is important for their survival. And here, the local population is an important factor:

"As the local people definitely don't' like leopards, the leopards retreat as far away from humans as possible. Hyenas, on the other hand, benefit from the fact that humans don't feel threatened by or pursue them. Consequently, hyenas live in close to human populations and may even exploit humans as shields against the leopards," says Havmoller.

"But the areas nearest to humans are also the areas with the most prey. And as hyenas assert dominance over these areas, it increases their ability to outcompete leopards and potentially threaten the leopard's adaptability," adds Havmoller.




Size matters

The researchers' observations confirm that size matters. While male leopards, which are larger, retain their dominance over hyenas, the situation is different for female leopards, which are smaller.

"Even though the male leopards are the ones in charge, the hyenas aren't exactly scared off by them. They simply hang out in the background -- probably to follow the leopards and steal their prey. But the physical inferiority of the hyenas seems to be compensated for in the areas closest to humans, because male leopards pull out," says Rasmus W. Havmoller, who continues:

"Female leopards, on the other hand, completely change their behavior when hyenas are in the area. They become diurnal, whereas hyenas are primarily nocturnal. This is probably because female leopards are smaller than hyenas, and that they will likely lose in any fight over prey."

Overall, the study shows that the hyenas benefit from living near humans.

"This suggests that the hyena's ability to adapt to areas of human activity may strengthen their overall success as a species and their competitive advantage over other large predators as we humans disturb more and more nature," says Havmoller.




When leopards are pressured, cascade effects may follow

According to the researcher, the shift in female leopard hunting patterns may have negative consequences:

"If you open up for more tourism and build more roads in the national park, the female leopards will be pressured immediately. They aren't able to differentiate between safari tourists -- who are most active during the day -- and poachers. In time, they will probably learn that safari guests aren't dangerous. But if there is a large and rapid influx into the area, you will probably see a decline in their population," says Rasmus W. Havmoller.

If leopards are seriously pressured out of the food chain, one should expect the emergence of what are known as cascade effects in the ecosystem:

"Plucking a large predator like leopards out of a food chain, which can be the ultimate consequence of human disturbances, may have very violent effects. Populations of other species, such as certain monkeys, whose populations are kept in check by leopards, will suddenly become too large and change the balance of the entire ecosystem," says the researcher.

As such, Havmoller hopes that the study will serve to encourage restraint when it comes to managing wilderness areas.

"Our results clearly indicate that human disturbances can change the competitive relationship between important predators. So, I hope that considerations will be made when expanding activities in wilderness areas, so as to roll them out slowly and give animals a chance to adapt. Furthermore, it would be good if the effects of human disturbances were monitored in more places using camera traps," concludes Rasmus W. Havmoller.

HYENAS VS. LEOPARDS 
    	Leopards are unpopular among local people in many places because they may hunt livestock and attack humans. Hyenas, on the other hand, "clean up" by eating sick or dead livestock and don't pose a problem for humans.
    	Female leopards (approx. 20-43 kg.) are about half the size of male leopards (approx. 51-72 kg). Hyenas are in the middle in terms of weight (approx. 48-56 kg).
    	Leopards are solitary hunters, whereas hyenas hunt in large cackles (clans), which can be an advantage for hyenas in confrontations with leopards.
    	Hyenas are kleptoparasites that regularly steal the prey of other carnivores -- including leopards.
    	Leopards on the other hand, are masterful tree-climbers, which allows them to protect their prey from hyenas.
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Understanding the synchronization of physiological states during a live music performance | ScienceDaily
Common input synchronization is a process where systems or organisms exposed to an identical input respond similarly. People listening to a concert, for example, could experience a synchronization of their emotions. "Music-induced synchronization of heart rate may be the mechanism underlying the coherent behavior of a large audience in a theater," suggests Ryota Nomura, an Associate Professor affiliated with Waseda University, Japan, while describing the mechanism. Previous studies have shown that inter-subject correlations calculated using physiological signals, including heart rate, are usually low. Studies investigating the common-input induced synchronization in different individuals suggest that the low correlation is due to weak intra-person correlation between the conscious processing and heart rate. This intra-person correlation is challenging to control directly. Hence, the current study by Dr. Nomura eliminated the individual differences in the processing by applying common input to the same individuals repeatedly.


						
Dr. Nomura has recently published this insightful study in Scientific Reports on 28 May 2024. In the study, Dr. Nomura showed that the synchronization of physical and cognitive processes is better within an individual compared to that between different individuals. The study revealed that the heart rate synchronization in response to music depends on the reliable physiological responses of the listener, not on their mood or music preferences. "This study allows us to explain the reproducibility of the aesthetic experience of the theater in terms of reliability," notes Dr. Nomura.

The study investigated the inter- and intra-subject correlations calculated using instantaneous heart rate data measured while listening to music. To estimate the effect of mood on music-induced heart rate synchronization, Dr. Nomura had participants in the study listen to the same piece of music on different days. Likewise, to quantify the influence of music preference on heart rate synchronization, he investigated whether a person listening to a piece of music selected by the researcher differed in synchronization response to a piece of music that deeply moves them when played in a randomized order.

Dr. Nomura discovered that the reliability with which a subject's heart rate responded to the music is significantly more correlated across time for a given individual, compared to the inter-subjective correlation in responses between individuals.

"The results demonstrated that inter-subject correlations were consistently lower compared to intra-subject correlations, regardless of participants' music preferences and daily moods. Further, music-induced heart rate synchronization depends on the reliability of physiological responses to musical pieces rather than mood or motivation," Dr. Nomura observes.

Overall, the study will lead to a greater understanding of collective human emotion as a way to improve the theater-going experience. By discovering what factors contribute to heart-rate synchronization and consequent emotional response, this study offers valuable clues for the success of performing arts. "From data on small audiences, for example, the degree of proficiency of performers, commercial success can be predicted in terms of reliability. This could contribute to better performances in theaters. Moreover, engineered devices that enhance reliability may facilitate synchronization of the physiological states of multiple audience members," concludes Dr. Nomura, while highlighting the implications of the study.
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Near chromosome-level genome of the Mojave poppy bee | ScienceDaily
Scientists at the United States Department of Agriculture (USDA)'s Agricultural Research Service (ARS) and university research partners developed a near chromosome-level genome for the Mojave poppy bee, a specialist pollinator of conservation concern, according to a recent Journal of Heredity paper.


						
Putting together the Mojave poppy bee genome is part of the Beenome100 project, a first-of-its-kind effort to create a library of high-quality, highly detailed genome maps of 100 or more diverse bee species found in the United States. Beenome100 is a collaborative undertaking led by ARS and the University of Illinois, with collaboration of researchers across ARS and universities in the United States and Canada. The expectation is that these genomes will help researchers answer the big questions about bees, such as what genetic differences make a bee species more vulnerable to climate change or whether a bee species is likely to be more susceptible to a pesticide.

Restricted to the eastern Mojave Desert, the Mojave poppy bee (Perdita meconis) is a solitary, mining bee of the Andrenidae family that specializes in pollinating the Las Vegas bearpoppy (Arctomecon californica) and the dwarf bearpoppy (Arctomecon humilis) -- the latter being protected under the U.S. Endangered Species Act as of 1979. The poppies are found primarily in gypsum soil deposits, which are rare and scattered throughout the region.

The Mojave poppy bee and Las Vegas bearpoppy are also being considered for listing under the Endangered Species Act. Both species will be evaluated for potential declining populations and vulnerability to extinction due to climate change and to habitat loss from urban development and mining in their native region.

Researchers assembled the genome or genetic map that will help further to understand the Mojave poppy bee's biological traits.

"The genome, with additional genetic sampling of individuals, will also potentially give us insights into the genetic basis for host-plant specialization, susceptibility to pesticides, and susceptibility to drought and climate tolerance," said Rena Schweizer, a research entomologist at the ARS Pollinating Insect-Biology, Management, Systematics Research Unit in Logan, Utah.

In particular, the Mojave poppy bee is capable of weathering drought years by remaining in the ground in stasis -- a phenomenon called diapause. The trait is not well understood by researchers and, by having its genome sequenced, they may be able to learn about the genes and regulatory pathways that make the adaptation possible.




They will also use the genome to assess the species' genetic health, find insights into how bees can be specialists or generalists, and look what the tradeoffs are in terms of a bee's long-term fitness.

"It could also lead to us finding genetic signatures of decline," said Schweizer. "By studying this one bee's genome, we might be able to help conserve the bee better and identify other species that are in decline using genetic information."

To develop the genome of the small and mighty bee, researchers isolated DNA from a single, small male specimen.

This genome assembly, according to Schweizer, is impressive given that the bee is tiny (a male bee averages five to seven millimeters in length). Researchers collected the specimen in the field in a remote wilderness location.

"What is also remarkable about this research is that the specimen used for the genome was collected in non-ideal preservation methods," said Schweizer. "We still obtained high-quality DNA from a field-collected specimen due to technological advancements in sequencing technology and learned more about this unique bee. We hope that our research will set the groundwork for developing genomes of other bee species."

The detailed, high-resolution map of the reference genome is available in the National Center for Biotechnology Information's database.

The researchwas done in collaboration with the University of Montana, Utah State University, and the ARS Tropical Pest Genetics and Molecular Biology Research Unit in Hilo, Hawaii.
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        Moon 'swirls' could be magnetized by unseen magmas
        Mysterious, light-colored swirls on Moon's surface could be rocks magnetized by magma activity underground, laboratory experiments confirm.

      

      
        A breakthrough in inexpensive, clean, fast-charging batteries
        Scientists have created an anode-free sodium solid-state battery. This brings the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

      

      
        Blue and great tits deploy surprisingly powerful memories to find food
        Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging. The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

      

      
        Giant salamander-like creature was a top predator in the ice age before the dinosaurs
        Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. It lived 40 million years before the first dinosaurs, and it was the top predator in its ecosystem.

      

      
        Extinct humans survived on the Tibetan plateau for 160,000 years
        Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia.

      

      
        Clever clothes! Seams in clothing capture body movement
        Everyday clothing may soon be able to capture and record body movements according to new research.

      

      
        Optoelectronics gain spin control from chiral perovskites and III-V semiconductors
        A research effort has made advances that could enable a broader range of currently unimagined optoelectronic devices.

      

      
        Crucial gaps in climate risk assessment methods
        Researchers have uncovered significant flaws in current climate risk assessment techniques that could lead to a severe underestimation of climate-related financial losses for businesses and investors.

      

      
        Neutrons on classically inexplicable paths
        Is nature really as strange as quantum theory says -- or are there simpler explanations? New neutron measurements prove: It doesn't work without the strange properties of quantum theory.

      

      
        True scale of carbon impact from long-distance travel revealed
        The reality of the climate impact of long-distance passenger travel has been revealed in new research.

      

      
        Spotted apex predator being pressured by spotted pack hunters -- and it's our fault
        Leopards, who are already in decline, can't keep up with hyenas when people are around. As we humans move into the their territories more and more, we are helping to disturb and unbalance ecosystems. This has been shown in a new study where researchers used camera traps to observe both large carnivore species.

      

      
        Implantable microphone could lead to fully internal cochlear implants
        Researchers developed a prototype of an implantable microphone for a cochlear implant. Their device, which senses the movement of the ear drum in the inner ear, performed as well as commercial hearing aids and could someday enable a fully internalized cochlear implant.

      

      
        Research shows how RNA 'junk' controls our genes
        Researchers have made a significant advance in understanding how genes are controlled in living organisms. The new study focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans). The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

      

      
        An ant that selectively amputates the infected limbs of wounded sisters
        Saving lives through surgery is no longer exclusive to humans. Scientists now detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these 'treatments,' not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.

      

      
        Doctors could soon use facial temperature for early diagnosis of metabolic diseases
        A colder nose and warmer cheeks may be a telltale sign of rising blood pressure. Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. With further research, doctors could one day us...

      

      
        Proteins and fats can drive insulin production for some, paving way for tailored nutrition
        When it comes to managing blood sugar levels, most people think about counting carbs. But new research shows that, for some, it may be just as important to consider the proteins and fats in their diet. The study is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids). The findings reveal that production of the blood sugar-regulating hormone is much more dynam...

      

      
        Melting of Alaskan glaciers accelerating faster than previously thought
        Melting of glaciers in a major Alaskan icefield has accelerated and could reach an irreversible tipping point earlier than previously thought. The research found that glacier loss on Juneau Icefield, which straddles the boundary between Alaska and British Columbia, Canada, has increased dramatically since 2010. The team looked at records going back to 1770 and identified three distinct periods in how icefield volume changed. In particular, they found that icefield-wide, rates of glacier area shri...

      

      
        How our brains develop facial recognition skills: New face-detecting brain circuit
        Scientists have uncovered a brain circuit in primates that rapidly detects faces. The findings help not only explain how primates sense and recognize faces, but could also have implications for understanding conditions such as autism, where face detection and recognition are often impaired from early childhood.

      

      
        Organic material from Mars reveals the likely origin of life's building blocks
        Two samples from Mars together deliver clear evidence of the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.

      

      
        Weight change across common antidepressant medications
        A new study compared weight change across eight common first-line antidepressants for patients taking an antidepressant for the first time. The study found differences in weight change between the different antidepressants after medication initiation, with bupropion consistently showing the least weight gain. The study adds rigorous evidence on expected weight gain across common antidepressant treatments.

      

      
        A prosthesis driven by the nervous system helps people with amputation walk naturally
        With a new surgical intervention and neuroprosthetic interface, researchers restored a natural walking gait in people with amputations below the knee. Seven patients were able to walk faster, avoid obstacles, and climb stairs more naturally than people with a traditional amputation.

      

      
        New and improved camera inspired by the human eye
        Computer scientists have invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time.

      

      
        Self-assembling, highly conductive sensors could improve wearable devices
        To advance soft robotics, skin-integrated electronics and biomedical devices, researchers have developed a 3D-printed material that is soft and stretchable -- traits needed for matching the properties of tissues and organs -- and that self-assembles. Their approach employs a process that eliminates many drawbacks of previous fabrication methods, such as less conductivity or device failure, the team said.

      

      
        Dampening the 'seeds' of hurricanes
        Increased atmospheric moisture may alter critical weather patterns over Africa, making it more difficult for the predecessors of many Atlantic hurricanes to form, according to a new study.

      

      
        Layers of carbonate provide insight into the world of the ancient Romans
        Archaeologists face a major challenge when they intend to acquire information about buildings or facilities of which only ruins remain. This was a particular challenge for the remnants of the Roman water mills in Barbegal in Southern France, dating back to the 2nd century CE. This unique industrial complex consisted of 16 water wheels placed in parallel rows. Little could at first be deduced about the site from these now scant ruins -- except that the wheels were supplied by an aqueduct that brou...

      

      
        The evidence is mounting: humans were responsible for the extinction of large mammals
        Human hunting, not climate change, played a decisive role in the extinction of large mammals over the last 50,000 years. This conclusion comes from researchers who reviewed over 300 scientific articles from many different fields of research.

      

      
        Scientists turn white fat cells into calorie-burning beige fat
        Researchers have figured out how to turn ordinary white fat cells, which store calories, into beige fat cells that burn calories to maintain body temperature.

      

      
        Largest ever genetic study of age of puberty in girls shows links with weight gain
        Genes can indirectly influence the age at which girls have their first period by accelerating weight gain in childhood, a known risk factor for early puberty. Other genes can directly affect age of puberty, some with profound effects.

      

      
        Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread
        Scientists discovered the oldest fossil grapes in the Western Hemisphere, which help show how after the death of the dinosaurs, grapes spread across the world.

      

      
        This desert moss has the potential to grow on Mars
        The desert moss Syntrichia caninervis is a promising candidate for Mars colonization thanks to its extreme ability to tolerate harsh conditions lethal to most life forms. The moss is well known for its ability to tolerate drought conditions, but researchers now report that it can also survive freezing temperatures as low as 196 C, high levels of gamma radiation, and simulated Martian conditions involving these three stressors combined. In all cases, prior dehydration seemed to help the plants cop...

      

      
        'World record' for data transmission speed
        Researchers have sent data at a record rate of 402 terabits per second using commercially available optical fiber. This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fiber.

      

      
        The beginnings of fashion
        A team of researchers suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.

      

      
        Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard
        Hydrothermal vents can be found around the world at the junctions of drifting tectonic plates. But there are many hydrothermal fields still to be discovered. During a 2022 expedition of the MARIA S. MERIAN, the first field of hydrothermal vents on the 500-kilometer-long Knipovich Ridge off the coast of Svalbard was discovered.

      

      
        Tiny bright objects discovered at dawn of universe baffle scientists
        A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.

      

      
        Soft, stretchy electrode simulates touch sensations using electrical signals
        A team of researchers has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations for applications such as virtual reality, medical prosthetics and wearable technology.

      

      
        Wireless receiver blocks interference for better mobile device performance
        Researchers developed a new wireless receiver that can block strong interference signals at the earliest opportunity, which could improve the performance of a mobile device.

      

      
        Ecologists reconstruct the history of biodiversity in the Indo-Australian archipelago and its rise as a hotspot
        The Coral Triangle, also known as the Indo-Australian Archipelago, is renowned for having the greatest marine biodiversity on our planet. Despite its importance, the detailed evolutionary history of this biodiversity hotspot has remained largely a mystery. An international research team has now shed light on this history, reconstructing how biodiversity in the region has developed over the past 40 million years.

      

      
        Climate change to shift tropical rains northward
        Atmospheric scientists predict that unchecked carbon emissions will force tropical rains to shift northward in the coming decades, which would profoundly impact agriculture and economies near the Earth's equator. The northward rain shift would be spurred by carbon emissions that influence the formation of the intertropical convergence zones that are essentially atmospheric engines that drive about a third of the world's precipitation.

      

      
        Creating supranormal hearing in mice
        A new study has produced supranormal hearing in mice, while also supporting a hypothesis on the cause of hidden hearing loss in people.

      

      
        Too many missing satellite galaxies found
        Bringing us one step closer to solving the 'missing satellites problem,' researchers have discovered two new satellite galaxies.

      

      
        New class of Mars quakes reveals daily meteorite strikes
        An international team of researchers combine orbital imagery with seismological data from NASA's Mars InSight lander to derive a new impact rate for meteorite strikes on Mars. Seismology also offers a new tool for determining the density of Mars' craters and the age of different regions of a planet.

      

      
        Analysis suggests 2021 Texas abortion ban resulted in increase in infant deaths in state in year after law went into effect
        Researchers use statistical modeling to estimate infant deaths expected if one of the country's most stringent state abortion laws had not been enacted. The study estimates that infant deaths in Texas increased more than expected in the year following the state's 2021 ban on abortion in early pregnancy, especially among infants with congenital anomalies.

      

      
        Light-controlled artificial maple seeds could monitor the environment even in hard-to-reach locations
        Researchers have developed a tiny robot replicating the aerial dance of falling maple seeds. In the future, this robot could be used for real-time environmental monitoring or delivery of small samples even in inaccessible terrain such as deserts, mountains or cliffs, or the open sea. This technology could be a game changer for fields such as search-and-rescue, endangered species studies, or infrastructure monitoring.

      

      
        Projected loss of brown macroalgae and seagrasses with global environmental change
        Researchers predict that climate change will drive a substantial redistribution of brown seaweeds and seagrasses at the global scale. The projected changes are alarming due to the fundamental role seaweeds and seagrasses in coastal ecosystems and provide evidence of the pervasive impacts of climate change on marine life.

      

      
        The density difference of sub-Neptunes finally deciphered
        The majority of stars in our galaxy are home to planets. The most abundant are the sub-Neptunes, planets between the size of Earth and Neptune. Calculating their density poses a problem for scientists: depending on the method used to measure their mass, two populations are highlighted, the dense and the less dense. Is this due to an observational bias or the physical existence of two distinct populations of sub-Neptunes? Recent work argues for the latter.

      

      
        Antarctic ice shelves hold twice as much meltwater as previously thought
        Slush -- water-soaked snow -- makes up more than half of all meltwater on the Antarctic ice shelves during the height of summer, yet is poorly accounted for in regional climate models. The findings could have profound implications for ice shelf stability and sea level rise.

      

      
        Ammonites' fate sealed by meteor strike that wiped out dinosaurs
        Ammonites were not in decline before their extinction, scientists have found.

      

      
        New mathematical model sheds light on the absence of breastfeeding in male mammals
        Mathematicians ave put forward a hypothesis which suggests that the reason male mammals don't breastfeed might be driven by the rich community of microbes that lives in breast milk and which plays an important part in establishing the gut microbiome of the infant.

      

      
        Long-standing marine mystery solved: How algae get nitrogen to grow
        Scientists shed light on an unexpected partnership: A marine diatom and a bacterium that can account for a large share of nitrogen fixation in vast regions of the ocean. This symbiosis likely plays a key role for global marine nitrogen fixation and productivity, and thus uptake of carbon dioxide. The newly-discovered bacterial symbiont is closely related to the nitrogen-fixing Rhizobia which live in partnership with many crop plants and may also open up new avenues for engineering nitrogen-fixing...

      

      
        Groundbreaking discovery: Zinc can make crop yields more climate-resilient
        Climate change, drought, increased temperature and other stressors challenge agricultural sustainability. Researchers have now made an unexpected discovery: zinc plays a pivotal role in the plant response to abiotic stress. This groundbreaking discovery not only sheds light on the intricate mechanisms of plant growth but also holds promise for revolutionizing crop resilience, especially in legume-based agriculture.
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Moon 'swirls' could be magnetized by unseen magmas | ScienceDaily
Lunar swirls are light-colored, sinuous features on the Moon's surface, bright enough to be visible from a backyard telescope. Some people think they look like the brushstrokes in an abstract painting. But these are not mere artistic flourishes: NASA images show that the tendrils from some lunar swirls extend for hundreds of miles.


						
Lunar swirls have defied easy explanation, but recent modeling and spacecraft data shed light on the twisty mystery. The data shows that rocks in the swirls are magnetized, and these rocks deflect or redirect solar wind particles that constantly bombard the Moon. Nearby rocks take the hit instead. Over time, neighboring rocks become darkened by chemical reactions caused by the collisions, while the swirls remain light colored.

But how did the rocks in lunar swirls get magnetized? The Moon does not have a magnetic field today. No astronaut or rover has yet visited a lunar swirl to investigate.

"Impacts could cause these types of magnetic anomalies," said Michael J. Krawczynski, an associate professor of earth, environmental and planetary sciences in Arts & Sciences at Washington University in St. Louis. He notes that meteorites regularly deliver iron-rich material to areas on the Moon's surface. "But there are some swirls where we're just not sure how an impact could create that shape and that size of thing."

Krawczynski believes it's more likely that something else has locally magnetized the swirls.

"Another theory is that you have lavas underground, cooling slowly in a magnetic field and creating the magnetic anomaly," said Krawczynski, who designed experiments to test this explanation. His results are published in the Journal of Geophysical Research: Planets.

Krawczynski and study first author Yuanyuan Liang, who recently earned her PhD in earth, environmental and planetary sciences in Arts & Sciences, measured the effects of different combinations of atmospheric chemistry and magmatic cooling rates on a mineral called ilmenite to see if they could produce a magnetizing effect.




"Earth rocks are very easily magnetized because they often have tiny bits of magnetite in them, which is a magnetic mineral," Krawczynski said. "A lot of the terrestrial studies that have focused on things with magnetite are not applicable to the Moon, where you don't have this hyper-magnetic mineral."

But ilmenite, which is abundant on the Moon, can also react and form particles of iron metal, which can be magnetized under the right conditions, Krawczynski and his team found.

"The smaller grains that we were working with seemed to create stronger magnetic fields because the surface area to volume ratio is larger for the smaller grains compared to the larger grains," Liang said. "With more exposed surface area, it is easier for the smaller grains to undergo the reduction reaction."

"Our analog experiments showed that at lunar conditions, we could create the magnetizable material that we needed. So, it's plausible that these swirls are caused by subsurface magma," said Krawczynski, who is a faculty fellow in the university's McDonnell Center for the Space Sciences.

Determining the origin of lunar swirls is considered key in understanding what processes have shaped the lunar surface, the history of a magnetic field on the Moon and even how the surfaces of planets and moons generally affect the space environment surrounding them.

This study will help interpret data acquired by future missions to the Moon, especially those that explore magnetic anomalies on the lunar surface. NASA intends to send a rover to the lunar swirl area known as Reiner Gamma in 2025 as part of the Lunar Vertex mission.

"If you're going to make magnetic anomalies by the methods that we describe, then the underground magma needs to have high titanium," Krawczynski said. "We have seen hints of this reaction creating iron metal in lunar meteorites and in lunar samples from Apollo. But all of those samples are surface lava flows, and our study shows cooling underground should significantly enhance these metal-forming reactions."

For now, his experimental approach is the best way to test predictions about how unseen lava may be driving the magnetic effects of the mysterious lunar swirls.

"If we could just drill down, we could see if this reaction was happening," Krawczynski said. "That would be great, but it's not possible yet. Right now, we're stuck with the surface."
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A breakthrough in inexpensive, clean, fast-charging batteries | ScienceDaily
UChicago Pritzker Molecular Engineering Prof. Y. Shirley Meng's Laboratory for Energy Storage and Conversion has created the world's first anode-free sodium solid-state battery.


						
With this research, the LESC -- a collaboration between the UChicago Pritzker School of Molecular Engineering and the University of California San Diego's Aiiso Yufeng Li Family Department of Chemical and Nano Engineering -- has brought the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

"Although there have been previous sodium, solid-state, and anode-free batteries, no one has been able to successfully combine these three ideas until now," said UC San Diego PhD candidate Grayson Deysher, first author of a new paper outlining the team's work.

The paper, published today in Nature Energy, demonstrates a new sodium battery architecture with stable cycling for several hundred cycles. By removing the anode and using inexpensive, abundant sodium instead of lithium, this new form of battery will be more affordable and environmentally friendly to produce. Through its innovative solid-state design, the battery also will be safe and powerful.

This work is both an advance in the science and a necessary step to fill the battery scaling gap needed to transition the world economy off of fossil fuels.

"To keep the United States running for one hour, we must produce one terawatt hour of energy," Meng said. "To accomplish our mission of decarbonizing our economy, we need several hundred terawatt hours of batteries. We need more batteries, and we need them fast."

Sustainability and sodium

The lithium commonly used for batteries isn't that common. It makes up about 20 parts per million of the Earth's crust, compared to sodium, which makes up 20,000 parts per million.




This scarcity, combined with the surge in demand for the lithium-ion batteries for laptops, phones and EVs, have sent prices skyrocketing, putting the needed batteries further out of reach.

Lithium deposits are also concentrated. The "Lithium Triangle" of Chile, Argentina and Bolivia holds more than 75% of the world's lithium supply, with other deposits in Australia, North Carolina and Nevada. This benefits some nations over others in the decarbonization needed to fight climate change.

"Global action requires working together to access critically important materials," Meng said.

Lithium extraction is also environmentally damaging, whether from the industrial acids used to break down mining ore or the more common brine extraction that pumps massive amounts of water to the surface to dry.

Sodium, common in ocean water and soda ash mining, is an inherently more environmentally friendly battery material. The LESC research has made it a powerful one as well.

Innovative architecture

To create a sodium battery with the energy density of a lithium battery, the team needed to invent a new sodium battery architecture.




Traditional batteries have an anode to store the ions while a battery is charging. While the battery is in use, the ions flow from the anode through an electrolyte to a current collector (cathode), powering devices and cars along the way.

Anode-free batteries remove the anode and store the ions on an electrochemical deposition of alkali metal directly on the current collector. This approach enables higher cell voltage, lower cell cost, and increased energy density, but brings its own challenges.

"In any anode-free battery there needs to be good contact between the electrolyte and the current collector," Deysher said. "This is typically very easy when using a liquid electrolyte, as the liquid can flow everywhere and wet every surface. A solid electrolyte cannot do this."

However, those liquid electrolytes create a buildup called solid electrolyte interphase while steadily consuming the active materials, reducing the battery's usefulness over time.

A solid that flows

The team took a novel, innovative approach to this problem. Rather than using an electrolyte that surrounds the current collector, they created a current collector that surrounds the electrolyte.

They created their current collector out of aluminum powder, a solid that can flow like a liquid.

During battery assembly the powder was densified under high pressure to form a solid current collector while maintaining a liquid-like contact with the electrolyte, enabling the low-cost and high-efficiency cycling that can push this game-changing technology forward.

"Sodium solid-state batteries are usually seen as a far-off-in-the-future technology, but we hope that this paper can invigorate more push into the sodium area by demonstrating that it can indeed work well, even better than the lithium version in some cases," Deysher said.

The ultimate goal? Meng envisions an energy future with a variety of clean, inexpensive battery options that store renewable energy, scaled to fit society's needs.

Meng and Deysher have filed a patent application for their work through UC San Diego's Office of Innovation and Commercialization.

Funding: Funding to support this work was provided by the National Science Foundation through the Partnerships for Innovation (PFI) grant no. 2044465




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240703131808.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Blue and great tits deploy surprisingly powerful memories to find food | ScienceDaily
Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging.


						
The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

Episodic memory is a memory system involving the conscious recollection of personally experienced events. Many psychologists believe that episodic memory is uniquely human but a growing body of evidence suggests that many non-human animals possess episodic-like memory.

Published today in Current Biology, the study by researchers from the University of Cambridge and the University of East Anglia enabled 94 wild, free-living blue and great tits to take part in a series of memory tasks. These tasks involved automated food containers and a new software program that created unique experiences for individual birds, and tracked each bird's behaviour after they formed a memory.

The birds had previously been fitted with unique radio frequency tracking tags on their legs so that when they landed on the feeder's special perch, this read their tag, and custom-built programs released (or did not release) food through an electronic door, according to experimental rules with unique timed events specific to each individual bird.

The experiment focused on blue tits and great tits partly because they are opportunistic foragers feeding on a wide range of food types, and may benefit from being able to recall ecological details from a single experience as this would permit flexible decision-making.

"These findings provide the first evidence for episodic-like memory in the wild and show that blue and great tits have a more flexible memory system than we used to assume," said first author James Davies, from the University of Cambridge's Comparative Cognition Lab.




"Previous studies on episodic-like memory have involved bigger-brained bird species, corvids, which hide food. This study focuses on smaller brained more generalist birds that don't hide their food. Our findings suggest these birds are more intelligent than they've been given credit for."

Senior author Dr Gabrielle Davidson from the University of East Anglia said: "The birds were behaving naturally in a familiar environment, so we captured something more realistic than if the birds had been captive. It was remarkable to see these birds performed well in our memory tasks while also experiencing a bunch of other memories out in the wild.

"For us, field research is challenging because the birds are completely free not to take part in our experiments and just fly away, but we've shown this type of intelligence test in the wild works."

Nicola Clayton, Professor of Comparative Cognition at the University of Cambridge, an author of the study and James Davies' PhD supervisor, said:

"It is fascinating that these non-caching species of birds showed episodic-like memory using two independent tests. When I began this research in the late 1990s, most psychologists assumed that the ability to remember the 'what, where and when' of unique past events was uniquely human. The initial findings in scrub-jays showed that this was not the case. Subsequent research suggests that this ability is much more widespread in the animal kingdom than we previously thought."

The researchers suggest that having a more flexible memory could help these birds cope with further environmental stress and fluctuation influenced by climate change.




James Davies said: "This type of memory would allow them to flexibly react to new conditions and combine this information with their original memory to make decisions. So whether they're thinking about fruit ripening or caterpillars emerging, that's a powerful ability to have when things get tough."

The study also might suggest that humans leaving out food for garden birds could be one factor contributing to the evolution of these memory traits, just as these birds have evolved beak adaptations in response to increased reliance on garden feeders.

Dr Gabrielle Davidson said: "It is possible that these birds are picking up on and remembering our routines in terms of when we top up bird feeders. This needs further study."

The tests

To assess 'what-where-when' memory, the researchers adapted an existing study design -- developed by Nicola Clayton and Anthony Dickinson -- to simulate a realistic foraging scenario in which two food items -- sunflower seeds and peanut pieces -- ran out and replenished at different rates. The foods were selected having already proven that great and blue tits prefer sunflower seeds to peanut pieces.

The birds were given time to learn the 'temporal feeder' rules before the tests began. When an individual was first detected on the 'preferred' sunflower seed feeder, this triggered a 2-hour period of availability to that bird. After that point, a 'replenish period' began and the feeder door remained closed to that individual until the following day.

To pass the memory test, birds have to remember the details of this experience and apply it to new situations. This means that when they come back to the feeders 2 hours later, they should remember they had already eaten their favourite food, and that only their less preferred food is currently available.

This research shows great tits and blue tits make this switch, without having to check if their favourite food is available. This switch in behaviour, based on previous experience, is what indicates these birds use episodic-like memory -- comparable to studies involving captive rodents, dogs, corvids, cephalopods and non-human primates.

Only a bird's first choice after each interval was counted to ensure that their critical choice regarding which feeder to visit was based on a memory of their first visit of the day, rather than a reaction to a non-rewarding feeder (i.e., a win-stay/lose-shift strategy).

An advantage for juvenile birds

In a different task, the researchers tested birds on their ability to recall 'incidental details' of feeders to locate food.

In a 'where' test, the feeders were arranged in a triangle and in a straight line. In the 'which' test, each feeder was painted a different colour (yellow, red or blue) or pattern (black stripes, wavy lines, or spots on a white background).

While most birds passed the 'where' test, in the 'which' test only the juveniles recalled visual clues to help them access food.

James Davies said: "We didn't expect that finding. We already know juvenile blue tits and great tits have to be more innovative in their foraging because adults outcompete them and monopolise food, which may help to explain our own findings. As blue tits and great tits gain experience, perhaps they start to rely less on visual information and more on spatial information."

Professor Clayton said: "The next step is to test whether individual birds that are better at using their episodic-like memory have enhanced reproductive success, in which case we would expect that memory system to evolve in response to more challenging environmental conditions."

Funding

The study received financial support from the University of Cambridge.

Dr Gabrielle Davidson was funded by an Isaac Newton Trust and Leverhulme Early Career Fellowship (ECF-2018-700).
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Giant salamander-like creature was a top predator in the ice age before the dinosaurs | ScienceDaily
Forty million years before the first dinosaurs evolved, a ferocious predator lurked in swampy waters. Its skull alone was over two feet long. It lay in wait, its jaws open wide, preparing to clamp down its interlocking jaws on any prey unwise enough to swim past. Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. Scientists described the newly-discovered fossil in a paper in the journal Nature.


						
"Gaiasia jennyae was considerably larger than a person, and it probably hung out near the bottom of swamps and lakes. It's got a big, flat, toilet seat-shaped head, which allows it to open its mouth and suck in prey. It has these huge fangs, the whole front of the mouth is just giant teeth," says Jason Pardo, an NSF postdoctoral fellow at the Field Museum in Chicago and the co-lead author of the Nature study. "It's a big predator, but potentially also a relatively slow ambush predator."

The fossil is named for the Gai-as Formation in Namibia where it was found, and for Jenny Clack, a paleontologist who specialized in the evolution of early tetrapods -- the four-limbed vertebrates that evolved from lobe-finned fishes and gave rise to amphibians, reptiles, birds, and mammals.

Pardo's co-lead author, Claudia Marsicano of the University of Buenos Aires and her colleagues found the fossil. "When we found this enormous specimen just lying on the outcrop as a giant concretion, it was really shocking. I knew just from seeing it that it was something completely different. We were all very excited," said Marsicano. "After examining the skull, the structure of the front of the skull caught my attention. It was the only clearly visible part at that time, and it showed very unusually interlocking large fangs, creating a unique bite for early tetrapods."

The team unearthed several specimens, including one with a well-preserved, articulated skull and spine. "We had some really fantastic material, including a complete skull, that we could then use to compare with other animals from this age and get a sense of what this animal was and what makes it unique," says Pardo. It turns out, there's a lot about the creature that makes it special.

While today, Namibia is just north of South Africa, it was even further south 300 million years ago. It was near the 60th parallel, almost even with the northernmost point of Antarctica today. And at that time, the Earth was nearing the end of an ice age. The swampy land near the equator was drying up and becoming more forested, but closer to the poles, the swamps remained, potentially alongside patches of ice and glaciers.

In the warmer, drier parts of the world, animals were evolving to new forms. Early four-legged vertebrates, called stem tetrapods, branched out and split into lineages that would one day become mammals, reptiles, and amphibians. But on the fringes, in places like what's now Namibia, more ancient forms remained.

"Gaiasia is a stem tetrapod -- it's a holdover from that earlier group, before they evolved and split into the groups that would become mammals and birds and reptiles and amphibians, which are called crown tetrapods," says Pardo. "It's really, really surprising that Gaiasia is so archaic. It was related to organisms that went extinct probably 40 million years prior."

What's more, for an oddball holdover from an even more ancient time, Gaiasia seemed to be doing pretty well for itself. "There are some other more archaic animals still hanging on 300 million years ago, but they were rare, they were small, and they were doing their own thing," says Pardo. "Gaiasia is big, and it is abundant, and it seems to be the primary predator in its ecosystem."

And while Gaiasia jennyae is just one species, it yields big-picture information for paleontologists studying how the world was changing during the Permian period. "It tells us that what was happening in the far south was very different from what was happening at the Equator. And that's really important because there were a lot of groups of animals that appeared at this time that we don't really know where they came from," says Pardo. "The fact that we found Gaiasia in the far south tells us that there was a flourishing ecosystem that could support these very large predators. The more we look, we might find more answers about these major animal groups that we care about, like the ancestors of mammals and modern reptiles."
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Extinct humans survived on the Tibetan plateau for 160,000 years | ScienceDaily
Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia, according to a new study published in Nature.


						
The Denisovans are an extinct species of ancient human that lived at the same time and in the same places as Neanderthals and Homo sapiens. Only a handful Denisovan remains have ever been discovered by archaeologists. Little is known about the group, including when they became extinct, but evidence exists to suggest they interbred with both Neanderthals and Homo sapiens.

A research team led by Lanzhou University, China, the University of Copenhagen, Denmark, the Institute of Tibetan Plateau Research, CAS, China, and involving the University of Reading studied more than 2,500 bones from the Baishiya Karst Cave on the high-altitude Tibetan Plateau, one of the only two places where Denisovans are known to have lived.

Their new analysis, published today (Wednesday, 3 July) in Nature, has identified a new Denisovan fossil and shed light on the species' ability to survive in fluctuating climatic conditions -- including the ice age -- on the Tibetan plateau from around 200,000 to 40,000 years ago.

Dr Geoff Smith, a zooarchaeologist at the University of Reading, is a co-author of the study. He said: "We were able to identify that Denisovans hunted, butchered and ate a range of animal species. Our study reveals new information about the behaviour and adaptation of Denisovans both to high altitude conditions and shifting climates. We are only just beginning to understand the behaviour of this extraordinary human species."

Dietary diversity 

Bone remains from Baishya Karst Cave were broken into numerous fragments preventing identification. The team used a novel scientific method that exploits differences in bone collagen between animals to determine which species the bone remains came from.




Dr Huan Xia, of Lanzhou University, said: "Zooarchaeology by Mass Spectrometry (ZooMS) allows us to extract valuable information from often overlooked bone fragments, providing deeper insight into human activities."

The research team determined that most of the bones were from blue sheep, known as the bharal, as well as wild yaks, equids, the extinct woolly rhino, and the spotted hyena. The researchers also identified bone fragments from small mammals, such as marmots, and birds.

Dr Jian Wang, of Lanzhou University, said: "Current evidence suggests that it was Denisovans, not any other human groups, who occupied the cave and made efficient use of all the animal resources available to them throughout their occupation."

Detailed analysis of the fragmented bone surfaces shows the Denisovans removed meat and bone marrow from the bones, but also indicate the humans used them as raw material to produce tools.

A new Denisovan fossil 

The scientists also identified one rib bone as belonging to a new Denisovan individual. The layer where the rib was found was dated to between 48,000 and 32,000 years ago, implying that this Denisovan individual lived at a time when modern humans were dispersing across the Eurasian continent. The results indicate that Denisovans lived through two cold periods, but also during a warmer interglacial period between the Middle and Late Pleistocene eras.

Dr Frido Welker, of the University of Copenhagen, said: "Together, the fossil and molecular evidence indicates that Ganjia Basin, where Baishiya Karst Cave is located, provided a relatively stable environment for Denisovans, despite its high-altitude.

"The question now arises when and why these Denisovans on the Tibetan Plateau went extinct."
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Clever clothes! Seams in clothing capture body movement | ScienceDaily
Everyday clothing may soon be able to capture and record body movements according to new research published by the Universities of Bristol and Bath.


						
Harmless low voltages are passed through conductive threads which are stitched into garment seams to create electrical circuits. Their resistance changes with the movement of the wearer's body. The work opens up new possibilities to make digital clothing which senses and captures movements much more accurately than is possible using current phones and smart watches.

The paper, presented at the Designing Interactive Systems (DIS) conference in Copenhagen today (3 July), lays the foundations for e-textile designers and clothing manufacturers to create cutting edge garments that could enhance exercise, physiotherapy and rehabilitation.

Professor Mike Fraser of the University of Bristol's School of Computer Science commented: "We're excited by the opportunity for clothing manufacturers to implement our designs in sleeves and other garment seams.

"We've shown that common overlocked seams in standard garment constructions can do a good job of sensing movement. The design avoids the need for a separate power source by pairing the seam with a charging coil, drawing the energy wirelessly from a mobile phone placed in the pocket.

"This means advanced motion sensing garments could be made without altering existing manufacturing processes.

"We have also shown that smartphone apps using advanced Artificial Intelligence (AI) techniques can use this movement data to match body movement to specific postures or gestures such as physiotherapeutic exercises."

The team have produced a short film for the conference illustrating how the technique works.
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Optoelectronics gain spin control from chiral perovskites and III-V semiconductors | ScienceDaily
A research effort led by scientists at the U.S. Department of Energy's (DOE's) National Renewable Energy Laboratory (NREL) has made advances that could enable a broader range of currently unimagined optoelectronic devices.


						
The researchers, whose previous innovation included incorporating a perovskite layer that allowed the creation of a new type of polarized light-emitting diode (LED) that emits spin-controlled photons at room temperature without the use of magnetic fields or ferromagnetic contacts, now have gone a step further by integrating a III-V semiconductor optoelectronic structure with a chiral halide perovskite semiconductor. That is, they transformed an existing commercialized LED into one that also controls the spin of electrons. The results provide a pathway toward transforming modern optoelectronics, a field that relies on the control of light and encompasses LEDs, solar cells, and telecommunications lasers, among other devices.

"It's up to one's imagination where this might go or where this might end up," said Matthew Beard, a senior research fellow at NREL and coauthor of the newly published Nature article, "Room temperature spin injection across a chiral-perovskite/III-V interface."

Beard also serves as director of the Center for Hybrid Organic Inorganic Semiconductors for Energy (CHOISE), an Energy Frontier Research Center funded by the Office of Science Basic Energy Sciences within DOE. The reported research was funded by CHOISE and relied on a broad range of scientific expertise drawn from NREL, the Colorado School of Mines, University of Utah, University of Colorado Boulder, and the Universite de Lorraine in France.

The goal of CHOISE is to understand control over the interconversion of charge, spin, and light using carefully designed chemical systems. In particular, the work focuses on control over the electron spin that can be either "up" or "down." Most current-day optoelectronic devices rely on the interconversion between charge and light. However, spin is another property of electrons, and control over the spin could enable a wide plethora of new effects and functionality. The researchers published a paper in 2021 in which they reported how by using two different perovskite layers they were able to control the spin by creating a filter that blocks electrons "spinning" in the wrong direction.

They hypothesized at the time that advancements could be made in optoelectronics if they could successfully incorporate the two semiconductors, and then went on to do just that. The breakthroughs made, which include eliminating the need for subzero Celsius temperatures, can be used to increase data processing speeds and decrease the amount of power needed.

"Most current-day technologies are all based on controlling charge," Beard said. "Most people just forget about the electron spin, but spin is very important, and it's also another parameter that one can control and utilize."

Manipulating the spin of electrons in a semiconductor has previously required the use of ferromagnetic contacts under an applied magnetic field. Using chiral perovskites, the researchers were able to transform an LED to one that emits polarized light at room temperature and without a magnetic field. Chirality refers to the material's structure that cannot be superimposed on its mirror image, such as a hand. For example, a "left-handed" oriented chiral system may allow transport of electrons with "up" spins but block electrons with "down" spins, and vice versa. The spin of the electron is then converted to the "spin," or polarization, of the emitted light. The degree of polarization, which measures the intensity of light that is polarized in one direction, reached about 2.6% in the previous research. The addition of the III-V semiconductor -- which is made of materials in the third and fifth columns of the periodic table -- boosted the polarization to about 15%. The degree of polarization serves as a direct measure of spin accumulation in the LED.

"This work is particularly exciting to me, as it combines spin functionality with a traditional LED platform," said the first author of the work, Matthew Hautzinger. "You can buy an LED analogous to what we used for 14 cents, but with the chiral perovskite incorporated, we've transformed an already robust (and well understood) technology into a futuristic spin-control device."
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Crucial gaps in climate risk assessment methods | ScienceDaily
A study by Stefano Battiston of the Department of Finance at the University of Zurich and his co-authors has identified critical shortcomings in the way climate-related risks to corporate assets are currently assessed. Many current estimates of climate physical climate risk rely on simplified and proxy data that do not accurately represent a company's true risk exposure. This can lead to significant underestimates of climate-related losses, with serious implications for business investment planning, asset valuation and climate adaptation efforts.


						
Potential losses up to 70% higher than previously estimated

The research team developed a new methodology that uses detailed information about the location and characteristics of a company's physical assets, such as factories, equipment and natural resources. This approach provides a more accurate picture of climate risks than methods that use proxy data, which often assume that all of a company's assets are located at its headquarters. "When we compared our results with those using proxy data, we found that the potential losses from climate risks could be up to 70% higher than previously thought," says Stefano Battiston. "This underscores the critical need for more granular data in risk assessments."

Preparing for the worst: The role of extreme events

The authors also point to the importance of considering "tail risk" in climate assessments. Tail risk refers to the possibility of extreme events that, while rare, can have catastrophic impacts. "Many assessments focus on average impacts. Our research shows that the potential losses from extreme events can be up to 98% higher than these averages suggest," says Stefano Battiston. "Failure to account for these possibilities can leave businesses and investors dangerously unprepared."

More funding for climate adaptation

The study's findings have significant implications for climate policy, business strategy, and investment decisions. The researchers emphasize that more accurate risk assessments are crucial for developing effective climate adaptation strategies and determining appropriate levels of climate-related insurance and funding. "Our work shows that we may be seriously underestimating the financial resources needed for climate adaptation," concludes Stefano Battiston.
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Neutrons on classically inexplicable paths | ScienceDaily
Can a particle be in two different places at the same time? In quantum physics, it can: Quantum theory allows objects to be in different states at the same time -- or more precisely: in a superposition state, combining different observable states. But is this really the case? Perhaps the particle is actually in a very specific state, at a very specific location, but we just don't know it?


						
The question of whether the behaviour of quantum objects could perhaps be described by a simple, more classical theory has been discussed for decades. In 1985, a way of measuring this was proposed: the so-called "Leggett-Garg inequality." Any theory that describes our world without the strange superposition states of quantum theory must obey this inequality. Quantum theory, on the other hand, violates it. Measurements with neutrons testing this "Leggett-Garg inequality" have now been carried out for the first time at TU Wien -- with a clear result: the Leggett-Garg inequality is violated, classical explanations are not possible, quantum theory wins. The results have now been published in the journal Physical Review Letters.

Physical realism

We normally assume that every object has certain properties: A ball is at a certain location, it has a certain speed, perhaps also a certain rotation. It doesn't matter whether we observe the ball or not. It has these properties quite objectively and independently of us. "This view is known as 'realism'," says Stephan Sponar from the Atomic Institute at TU Wien.

We know from our everyday experience that large, macroscopic objects in particular must obey this rule. We also know that Macroscopic objects can be observed without being influenced significantly. The measurement does not fundamentally change the state. These assumptions are collectively referred to as "macroscopic realism."

However, quantum theory as we know it today is a theory that violates this macroscopic realism. If different states are possible for a quantum particle, for example different positions, speeds or energy values, then any combination of these states is also possible. At least as long as this state is not measured. During a measurement, the superposition state is destroyed: the measurement forces the particle to decide in favour of one of the possible values.

The Leggett-Garg inequality

Nevertheless, the quantum world must be logically connected to the macroscopic world -- after all, large things are made up of small quantum particles. In principle, the rules of quantum theory should apply to everything.




So the question is: Is it possible to observe behaviour in "large" objects that cannot be reconciled with our intuitive picture of macroscopic realism? Can macroscopic things also show clear signs of quantum properties?

In 1985, physicists Anthony James Leggett and Anupam Garg published a formula with which macroscopic realism can be tested: The Leggett-Garg Inequality. "The idea behind it is similar to the more famous Bell's inequality, for which the Nobel Prize in Physics was awarded in 2022," says Elisabeth Kreuzgruber, first author of the paper. "However, Bell's inequality is about the question of how strongly the behaviour of a particle is related to another quantum entangled particle. The Leggett-Garg inequality is only about one single object and asks the question: how its state at specific points in time related to the state of the same object at other specific points in time?"

Stronger correlations than classical physics allows

Leggett and Garg assumed an object that can be measured at three different times, each measurement can have two different results. Even if we know nothing at all about whether or how the state of this object changes over time, we can still statistically analyse how strongly the results at different points in time correlate with each other.

It can be shown mathematically that the strength of these correlations can never exceed a certain level -- assuming that macroscopic realism is correct. Leggett and Garg were able to establish an inequality that must always be fulfilled by every macroscopic realistic theory, regardless of any details of the theory.

However, if the object adheres to the rules of quantum theory, then there must be significantly stronger statistical correlations between the measurement results at the three different points in time. If an object is actually in different states at the same time between the measurement times, this must -- according to Leggett and Garg -- lead to stronger correlations between the three measurements.




Neutron beams: Centimetre-sized quantum objects

"However, it is not so easy to investigate this question experimentally," says Richard Wagner. "If we want to test macroscopic realism, then we need an object that is macroscopic in a certain sense, i.e. that has a size comparable to the size of our usual everyday objects." At the same time, however, it must be an object that has a chance of still showing quantum properties.

"Neutron beams, as we use them in a neutron interferometer, are perfect for this," says Hartmut Lemmel, instrument responsible at the S18 instrument at the Institut Laue-Langevin (ILL) in Grenoble, where the experiment was conducted. In the neutron interferometer, a silicon perfect crystal interferometer that was first successfully used at the Atomic Institute of TU Wien in the early 1970s, the incident neutron beam is split into two partial beams at the first crystal plate and then recombined by another piece of silicon. There are therefore two different ways in which neutrons can travel from the source to the detector.

"Quantum theory says that every single neutron travels on both paths at the same time," says Niels Geerits. "However, the two partial beams are several centimetres apart. In a sense, we are dealing with a quantum object that is huge by quantum standards."

Using a sophisticated combination of several neutron measurements, the team at TU Wien was able to test the Leggett-Garg inequality -- and the result was clear: the inequality is violated. The neutrons behave in a way that cannot be explained by any conceivable macroscopically realistic theory. They actually travel on two paths at the same time, they are simultaneously located at different places, centimetres apart. The idea that "maybe the neutron is only travelling on one of the two paths, we just don't know which one" has thus been refuted.

"Our experiment shows: Nature really is as strange as quantum theory claims," says Stephan Sponar. "No matter which classical, macroscopically realistic theory you come up with: It will never be able to explain reality. It doesn't work without quantum physics."
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True scale of carbon impact from long-distance travel revealed | ScienceDaily
The reality of the climate impact of long-distance passenger travel has been revealed in new research from the University of Leeds.


						
Despite only accounting for less than 3% of all trips by UK residents, journeys of more than 50 miles (one way) are responsible for 70% of all passenger travel-related carbon emissions.

The disparity is even greater when international travel is singled-out: international journeys are only 0.4% of total trips but are responsible for 55% of emissions.

The new research, published today in the journal Nature Energy, also shows that targeting long-distance travel may be a more effective way of tackling emissions than current efforts which focus on local and commuter journeys.

Whilst the number of long and short distance domestic journeys by car have fallen slightly over the last 25 years, international air travel has increased significantly, driven by an increase in trips for leisure and visiting friends and family.

Dr Zia Wadud from the University's Institute for Transport Studies and School of Chemical and Process Engineering and who led the research, said: "The scale of the impact of long-distance travel is very large indeed. That just less than 3% of our trips are responsible for around 60% of miles and 70% of emissions shows how important long-distance travel is in the fight to combat climate change.

"Worryingly, long distance trips, especially flights, have been growing; however, they offer opportunities too."

Using a new metric they have created, called emission reduction sensitivity, the research team has calculated which types of travel could be changed to maximise a reduction in carbon emissions from passenger travel whilst affecting as few people or trips as possible.




Greater potential from reducing long-distance travel

The research found that if all car journeys under eight miles were shifted to walking or cycling, there would be a 9.3% reduction in carbon emissions. However, around 55% of all journeys would need to be shifted to achieve this, as most travel is done locally and in cars.

Calculated by dividing the carbon reduction percentage by the percentage of journeys altered, the emission reduction sensitivity for this change would be just 0.17 -- the lowest recorded in the study.

By contrast, if all flights of less than 1,000 miles were moved to rail, there would be a 5.6% reduction in emissions but only 0.17% of journeys would be affected -- resulting in a sensitivity value of 33.2.

At the top end, theoretically limiting everyone who flies now to one return flight abroad per year would have a value of 158.3, as so few journeys would be affected.

The researchers stress that the potential changes are only suggestions meant to make us realise and reassess the impact of our long-distance travel, rather than concrete policy proposals.




Dr Muhammad Adeel, a co-author now at the Centre for Transport and Society at the University of the West of England, added: "Whilst efforts to move local journeys to more sustainable modes of transport are really positive, by omitting aviation emissions from national statistics -- as is the case at the moment in nearly all countries -- we are not getting a holistic picture and ignoring a large part of the problem."

A call to rethink our travel's carbon impact

The researchers also hope that their findings can act as a driver for policymakers to look at changes in how effort is assigned when dealing with the impact of travel on the environment.

The data was collected from the Department for Transport's National Travel Survey, and the International Passenger Survey, which is organised by the Office for National Statistics.

The research also offers the public an insight into the impact that changing their behaviour could have.

Dr Wadud added: "The important thing both at the policy and personal level is that we prioritise the relatively fewer longer distance trips -- especially flights -- in order to realize the largest reductions."
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Spotted apex predator being pressured by spotted pack hunters -- and it's our fault | ScienceDaily
Who's stronger? A solitary leopard or cackle of hyenas? And which is best at getting along with humans?


						
University of Copenhagen researchers closely studied this in a large East African natural area surrounded by rural settlements. The study demonstrates that the presence of humans has a direct impact on the competitive relationship between the two large predator species: leopards (Panthera pardus) -- the iconic spotted feline and the spotted hyena (Crocuta crocuta) -- a kleptoparasite and pack hunter known for its comical appearance and characteristic 'laugh'.

"We humans continue eating our way into the little bit of wilderness left in the world. As we do, we impact wildlife. This study demonstrates that human disturbance upsets the balance between competing species and that this advantages hyenas," says Rasmus W. Havmoller, the study's first author and a postdoc at the University of Copenhagen's Natural History Museum of Denmark.

For months, Havmoller have been using camera traps to observe the dynamics between hyenas and leopards living in Tanzania's Udzungwa Mountains -- an approximately 2,000 km2 national park that is completely surrounded by agricultural and populated areas. The study is the first to combine camera observations of large predators over both time and space in a single analysis.

While the hyena as a species seems to be increasing in numbers, the population of leopards has been in significant decline for decades, both in Africa and worldwide. Since hyenas are the leopards' only competitor in this particular natural area, the ability of the two species to coexist is important for their survival. And here, the local population is an important factor:

"As the local people definitely don't' like leopards, the leopards retreat as far away from humans as possible. Hyenas, on the other hand, benefit from the fact that humans don't feel threatened by or pursue them. Consequently, hyenas live in close to human populations and may even exploit humans as shields against the leopards," says Havmoller.

"But the areas nearest to humans are also the areas with the most prey. And as hyenas assert dominance over these areas, it increases their ability to outcompete leopards and potentially threaten the leopard's adaptability," adds Havmoller.




Size matters

The researchers' observations confirm that size matters. While male leopards, which are larger, retain their dominance over hyenas, the situation is different for female leopards, which are smaller.

"Even though the male leopards are the ones in charge, the hyenas aren't exactly scared off by them. They simply hang out in the background -- probably to follow the leopards and steal their prey. But the physical inferiority of the hyenas seems to be compensated for in the areas closest to humans, because male leopards pull out," says Rasmus W. Havmoller, who continues:

"Female leopards, on the other hand, completely change their behavior when hyenas are in the area. They become diurnal, whereas hyenas are primarily nocturnal. This is probably because female leopards are smaller than hyenas, and that they will likely lose in any fight over prey."

Overall, the study shows that the hyenas benefit from living near humans.

"This suggests that the hyena's ability to adapt to areas of human activity may strengthen their overall success as a species and their competitive advantage over other large predators as we humans disturb more and more nature," says Havmoller.




When leopards are pressured, cascade effects may follow

According to the researcher, the shift in female leopard hunting patterns may have negative consequences:

"If you open up for more tourism and build more roads in the national park, the female leopards will be pressured immediately. They aren't able to differentiate between safari tourists -- who are most active during the day -- and poachers. In time, they will probably learn that safari guests aren't dangerous. But if there is a large and rapid influx into the area, you will probably see a decline in their population," says Rasmus W. Havmoller.

If leopards are seriously pressured out of the food chain, one should expect the emergence of what are known as cascade effects in the ecosystem:

"Plucking a large predator like leopards out of a food chain, which can be the ultimate consequence of human disturbances, may have very violent effects. Populations of other species, such as certain monkeys, whose populations are kept in check by leopards, will suddenly become too large and change the balance of the entire ecosystem," says the researcher.

As such, Havmoller hopes that the study will serve to encourage restraint when it comes to managing wilderness areas.

"Our results clearly indicate that human disturbances can change the competitive relationship between important predators. So, I hope that considerations will be made when expanding activities in wilderness areas, so as to roll them out slowly and give animals a chance to adapt. Furthermore, it would be good if the effects of human disturbances were monitored in more places using camera traps," concludes Rasmus W. Havmoller.

HYENAS VS. LEOPARDS 
    	Leopards are unpopular among local people in many places because they may hunt livestock and attack humans. Hyenas, on the other hand, "clean up" by eating sick or dead livestock and don't pose a problem for humans.
    	Female leopards (approx. 20-43 kg.) are about half the size of male leopards (approx. 51-72 kg). Hyenas are in the middle in terms of weight (approx. 48-56 kg).
    	Leopards are solitary hunters, whereas hyenas hunt in large cackles (clans), which can be an advantage for hyenas in confrontations with leopards.
    	Hyenas are kleptoparasites that regularly steal the prey of other carnivores -- including leopards.
    	Leopards on the other hand, are masterful tree-climbers, which allows them to protect their prey from hyenas.
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Implantable microphone could lead to fully internal cochlear implants | ScienceDaily
Cochlear implants, tiny electronic devices that can provide a sense of sound to people who are deaf or hard of hearing, have helped improve hearing for more than a million people worldwide, according to the National Institutes of Health.


						
However, cochlear implants today are only partially implanted, and they rely on external hardware that typically sits on the side of the head. These components restrict users, who can't, for instance, swim, exercise, or sleep while wearing the external unit, and they may cause others to forgo the implant altogether.

On the way to creating a fully internal cochlear implant, a multidisciplinary team of researchers at MIT, Massachusetts Eye and Ear, Harvard Medical School, and Columbia University has produced an implantable microphone that performs as well as commercial external hearing aid microphones. The microphone remains one of the largest roadblocks to adopting a fully internalized cochlear implant.

This tiny microphone, a sensor produced from a biocompatible piezoelectric material, measures miniscule movements on the underside of the ear drum. Piezoelectric materials generate an electric charge when compressed or stretched. To maximize the device's performance, the team also developed a low-noise amplifier that enhances the signal while minimizing noise from the electronics.

While many challenges must be overcome before such a microphone could be used with a cochlear implant, the collaborative team looks forward to further refining and testing this prototype, which builds off work begun at MIT and Mass Eye and Ear more than a decade ago.

"It starts with the ear doctors who are with this every day of the week, trying to improve people's hearing, recognizing a need, and bringing that need to us. If it weren't for this team collaboration, we wouldn't be where we are today," says Jeffrey Lang, the Vitesse Professor of Electrical Engineering, a member of the Research Laboratory of Electronics (RLE), and co-senior author of a paper on the microphone.

Lang's coauthors include co-lead authors Emma Wawrzynek, an electrical engineering and computer science (EECS) graduate student, and Aaron Yeiser SM '21; as well as mechanical engineering graduate student John Zhang; Lukas Graf and Christopher McHugh of Mass Eye and Ear; Ioannis Kymissis, the Kenneth Brayer Professor of Electrical Engineering at Columbia; Elizabeth S. Olson, a professor of biomedical engineering and auditory biophysics at Columbia; and co-senior author Hideko Heidi Nakajima, an associate professor of otolaryngology-head and neck surgery at Harvard Medical School and Mass Eye and Ear. The research is published today in the Journal of Micromechanics and Microengineering.




Overcoming an implant impasse

Cochlear implant microphones are usually placed on the side of the head, which means that users can't take advantage of noise filtering and sound localization cues provided by the structure of the outer ear.

Fully implantable microphones offer many advantages. But most devices currently in development, which sense sound under the skin or motion of middle ear bones, can struggle to capture soft sounds and wide frequencies.

For the new microphone, the team targeted a part of the middle ear called the umbo. The umbo vibrates unidirectionally (inward and outward), making it easier to sense these simple movements.

Although the umbo has the largest range of movement of the middle-ear bones, it only moves by a few nanometers. Developing a device to measure such diminutive vibrations presents its own challenges.

On top of that, any implantable sensor must be biocompatible and able to withstand the body's humid, dynamic environment without causing harm, which limits the materials that can be used.




"Our goal is that a surgeon implants this device at the same time as the cochlear implant and internalized processor, which means optimizing the surgery while working around the internal structures of the ear without disrupting any of the processes that go on in there," Wawrzynek says.

With careful engineering, the team overcame these challenges.

They created the UmboMic, a triangular, 3-millimeter by 3-millimeter motion sensor composed of two layers of a biocompatible piezoelectric material called polyvinylidene difluoride (PVDF). These PVDF layers are sandwiched on either side of a flexible printed circuit board (PCB), forming a microphone that is about the size of a grain of rice and 200 micrometers thick. (An average human hair is about 100 micrometers thick.)

The narrow tip of the UmboMic would be placed against the umbo. When the umbo vibrates and pushes against the piezoelectric material, the PVDF layers bend and generate electric charges, which are measured by electrodes in the PCB layer.

Amplifying performance

The team used a "PVDF sandwich" design to reduce noise. When the sensor is bent, one layer of PVDF produces a positive charge and the other produces a negative charge. Electrical interference adds to both equally, so taking the difference between the charges cancels out the noise.

Using PVDF provides many advantages, but the material made fabrication especially difficult. PVDF loses its piezoelectric properties when exposed to temperatures above around 80 degrees Celsius, yet very high temperatures are needed to vaporize and deposit titanium, another biocompatible material, onto the sensor. Wawrzynek worked around this problem by depositing the titanium gradually and employing a heat sink to cool the PVDF.

But developing the sensor was only half the battle -- umbo vibrations are so tiny that the team needed to amplify the signal without introducing too much noise. When they couldn't find a suitable low-noise amplifier that also used very little power, they built their own.

With both prototypes in place, the researchers tested the UmboMic in human ear bones from cadavers and found that it had robust performance within the intensity and frequency range of human speech. The microphone and amplifier together also have a low noise floor, which means they could distinguish very quiet sounds from the overall noise level.

"One thing we saw that was really interesting is that the frequency response of the sensor is influenced by the anatomy of the ear we are experimenting on, because the umbo moves slightly differently in different people's ears," Wawrzynek says.

The researchers are preparing to launch live animal studies to further explore this finding. These experiments will also help them determine how the UmboMic responds to being implanted.

In addition, they are studying ways to encapsulate the sensor so it can remain in the body safely for up to 10 years but still be flexible enough to capture vibrations. Implants are often packaged in titanium, which would be too rigid for the UmboMic. They also plan to explore methods for mounting the UmboMic that won't introduce vibrations.

"The results in this paper show the necessary broad-band response and low noise needed to act as an acoustic sensor. This result is surprising, because the bandwidth and noise floor are so competitive with the commercial hearing aid microphone. This performance shows the promise of the approach, which should inspire others to adopt this concept. I would expect that smaller size sensing elements and lower power electronics would be needed for next generation devices to enhance ease of implantation and battery life issues," says Karl Grosh, professor of mechanical engineering at the University of Michigan, who was not involved with this work.

This research was funded, in part, by the National Institutes of Health, the National Science Foundation, the Cloetta Foundation in Zurich, Switzerland, and the Research Fund of the University of Basel, Switzerland.
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Research shows how RNA 'junk' controls our genes | ScienceDaily
Researchers at Arizona State University have made a significant advance in understanding how genes are controlled in living organisms. The new study, published in the journal Nucleic Acids Research, focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans).


						
The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

The new map is a valuable tool for scientists studying how DNA genes are switched on and off after they are transcribed into RNA. Using this data, scientists can make improved predictions of how small RNA molecules (miRNAs) interact with genes to control their activity. The researchers also explored crucial regions of the 3'UTRs that help in processing and regulating RNA molecules.

By studying the genetic material in this model organism, researchers are gaining deeper insights into the mysteries of gene behavior, shedding light on fundamental biological processes essential to human health and disease.

"This monumental work represents a culmination of 20 years of hard work. We finally have the complete picture of how genes are formed in higher organisms," says Marco Mangone, corresponding author of the new study. "With this complete dataset, we can now pinpoint and study all the regulatory and processing elements within these gene sections. These elements determine the duration of gene expression, their specific locations within cells, and the level of expression required."

Mangone is a researcher in the Biodesign Virginia G. Piper Center for Personalized Diagnostics and a professor in the School of Life Sciences at ASU.

Genes are only half the story

Genes are segments of DNA that contain the blueprints for an astonishing diversity of life on Earth. However, part of the secret to this versatility lies not in the genes themselves but in how their effects are delicately fine-tuned. Genes provide the instructions for making proteins, which play essential roles in building and repairing cells and tissues, speeding up chemical reactions and defending the body against pathogens.




To produce proteins, genes require an intermediary molecule called RNA. During this process, DNA is first copied into RNA, which acts as a bridge between the DNA template and the resulting proteins. Although our DNA genome is fixed from birth, RNA provides the body enormous flexibility by regulating how genes are expressed.

Once genetic instructions are transcribed from DNA into messenger RNA (mRNA), specialized segments of the mRNA -- the 3'UTRs -- can regulate how the proteins are produced.

3'UTRs are sections of RNA located at the end of a messenger RNA molecule. They help to govern how and when proteins are made by controlling the stability and efficiency of the mRNA. This regulation allows for dynamic responses to environmental changes and enables control over protein production, which is essential for adapting to various physiological needs.

3'UTRs reconsidered

Initially, noncoding RNAs like 3'UTRs were regarded as nonessential genetic fragments because they themselves do not code for proteins. However, recent research reveals that they are crucial for modifying gene behavior and influencing mRNA stability, localization and translation efficiency. Translation refers to the process of converting RNA into proteins composed of sequences of amino acids.

3'UTRs are an integral part of a sophisticated and highly adaptable system of checks and balances on protein production. Additionally, these RNA regulatory elements often contain binding sites for other elements responsible for protein regulation, including microRNAs and RNA-binding proteins.




Despite their importance, scientists previously knew little about them. The new study addresses this gap by mapping out 3'UTRs for nearly all genes in C. elegans, providing the most complete map of its kind for any animal.

A window into gene function and disease

C. elegans is a small, transparent nematode that is one of the most extensively studied model organisms in biological research. Its significance lies in its simplicity, short life cycle and well-mapped genetic structure.

The organism shares many essential biological pathways with humans, making it invaluable for studying gene function, development and disease processes. Its transparent body allows researchers to observe cellular processes in real time, and its genetic composition enables the precise manipulation of genes.

These characteristics make C. elegans a powerful tool for uncovering fundamental mechanisms of biology that are often conserved across species, including humans.

The study found that the process of switching between different 3'UTRs is less common in C. elegans than previously thought. This challenges earlier beliefs and highlights the complexity of gene regulation. Using the new data, scientists updated predictions for how microRNAs interact with genes.

The insights gained from the new study have far-reaching implications for human health. Problems with gene control can lead to diseases like cancer, diabetes and neurological disorders. By providing a detailed map of 3'UTRs and their regulatory elements, the research offers new insights that could lead to better treatments and therapies.

The new dataset produced in the study will be a key resource for scientists studying genetics and human health. The ASU team plans to continue their research to further explore how these regulatory elements work and their critical influence on gene control.
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An ant that selectively amputates the infected limbs of wounded sisters | ScienceDaily
Saving lives through surgery is no longer exclusive to humans. In a study publishing July 2 in the journal Current Biology, scientists detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these "treatments," not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.


						
"When we're talking about amputation behavior, this is literally the only case in which a sophisticated and systematic amputation of an individual by another member of its species occurs in the animal Kingdom," says first author Erik Frank, a behavioral ecologist from the University of Wurzburg.

Wound care among ants is not an entirely new phenomenon. In a paper published in 2023, it was discovered that a different group of ants, Megaponera analis, use a special gland to inoculate injuries with antimicrobial compounds meant to quell possible infections. What makes Florida carpenter ants (Camponotus floridanus) stand out is that because they have no such gland, they appear to be using only mechanical means to treat their nestmates.

The researchers found that this mechanical care involves one of two routes. The ants would either perform wound cleaning with just their mouthparts or perform a cleaning followed by the full amputation of the leg. To select which route they take, the ants appear to assess the type of injury to make informed adjustments on how best to treat.

In this study, two types of leg injuries were analyzed, lacerations on the femur and those on the ankle-like tibia. All femur injuries were accompanied by initial cleaning of the cut by a nestmate, followed by a nestmate chewing off the leg entirely. In contrast, tibia injuries only received the mouth cleaning. In both cases, intervention resulted in ants with experimentally infected wounds having a much greater survival rate.

"Femur injuries, where they always amputated the leg, had a success rate around 90% or 95%. And for the tibia, where they did not amputate, it still achieved about the survival rate of 75%," says Frank. This is in contrast to the less than 40% and 15% survival rate for unattended infected femur and tibia abrasions, respectively.

The researchers hypothesized that the preferred path of wound care could be related to the risk of infection from the wound site. Micro-CT scans of the femur showed it is largely composed of muscle tissue, suggesting it plays a functional role of pumping blood, referred to as hemolymph, from the leg into the main body. With an injury to the femur, the muscles become compromised, reducing their ability to circulate potentially bacteria-laden blood. The tibia, on the other hand, has little muscle tissue and thus little involvement in blood circulation.




"In tibia injuries, the flow of the hemolymph was less impeded, meaning bacteria could enter the body faster. While in femur injuries the speed of the blood circulation in the leg was slowed down," says Frank.

You may expect, then, if tibia damage results in faster infections, amputating the full leg would be most appropriate, but the opposite is observed. It turns out the speed at which the ants can amputate a leg makes a difference. An ant-assisted amputation takes at least 40 minutes to complete. Experimental testing demonstrated that with tibia injuries, if the leg was not immediately removed post-infection, the ant would not survive. "Thus, because they are unable to cut the leg sufficiently quickly to prevent the spread of harmful bacteria, ants try to limit the probability of lethal infection by spending more time cleaning the tibia wound," remarks senior author and evolutionary biologist Laurent Keller of the University of Lausanne.

"The fact that the ants are able to diagnose a wound, see if it's infected or sterile, and treat it accordingly over long periods of time by other individuals -- the only medical system that can rival that would be the human one," Frank says.

Considering the sophisticated nature of these behaviors, a reasonable next thought would be how these ants are capable of such precise care. "It's really all innate behavior," says Keller. "Ant behaviors change based on the age of an individual, but there is very little evidence of any learning."

Now the lab team is running similar experiments in other Camponotus species to see just how conserved this behavior is and begin to unpack whether all ant species without the special antimicrobial (metapleural) gland also perform amputation. Also, since the ant receiving care allows for the slow removal of a limb while conscious, this calls for further exploration into our understanding of pain in ant societies.

"When you look at the videos where you have the ant presenting the injured leg and letting the other one bite off completely voluntarily, and then present the newly made wound so another one can finish cleaning process -- this level of innate cooperation to me is quite striking," says Frank.
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Doctors could soon use facial temperature for early diagnosis of metabolic diseases | ScienceDaily

Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. The results appear July 2 in the journal Cell Metabolism. With further research, doctors could one day use this simple and non-invasive approach for early detection of diseases.

"Aging is a natural process," says Jing-Dong Jackie Han, the paper's corresponding author at Peking University in Beijing. "But our tool has the potential to promote healthy aging and help people live disease-free."

The team had previously used 3D facial structure to predict people's biological age, which indicates how well the body is aging. Biological age is closely related to the risk of diseases, including cancer and diabetes. They were curious if other features of the face, such as temperature, could also predict aging rate and health status.

Han and her colleagues analyzed facial temperatures of more than 2,800 Chinese participants between the ages of 21 and 88. Then, the researchers used the information to train AI models that could predict a person's thermal age. They identified several key facial regions where the temperatures were significantly related to age and health, including the nose, eyes and cheeks.

The team found the temperature of the nose decreases with age at a rate faster than other parts of the face, meaning people with warmer noses have a younger thermal age. At the same time, temperatures around the eyes tend to increase with age.

The team also found that people with metabolic disorders such as diabetes and fatty liver disease had faster thermal aging. They tended to have higher eye area temperatures than their healthy counterparts of the same age. People with elevated blood pressure also had higher cheek temperatures.




By analyzing participants' blood samples, the team revealed that the increase in temperatures around the eyes and cheeks was mainly because of an increase in cellular activities related to inflammation, such as repairing damaged DNAs and fighting infections. The increase in these activities led to a rise in temperatures in certain facial regions.

"The thermal clock is so strongly associated with metabolic diseases that previous facial imaging models were not able to predict these conditions," Han says.

Due to this connection, the team set out to test if exercise could influence thermal age. They asked 23 participants to jump rope for at least 800 times daily for two weeks. To the team's surprise, these participants reduced their thermal age by five years after just two weeks of exercise.

Next, the team wants to explore if they can use thermal facial imaging to predict other diseases, such as sleeping disorders or cardiovascular problems.

"We hope to apply thermal facial imaging in clinical settings, as it holds significant potential for early disease diagnosis and intervention," Han says.
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Proteins and fats can drive insulin production for some, paving way for tailored nutrition | ScienceDaily
When it comes to managing blood sugar levels, most people think about counting carbs. But new research from the University of British Columbia shows that, for some, it may be just as important to consider the proteins and fats in their diet.


						
The study, published today in Cell Metabolism, is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids).

The findings reveal that production of the blood sugar-regulating hormone insulin is much more dynamic and individualized than previously thought, while showing for the first time a subset of the population who are hyper-responsive to fatty foods.

"Glucose is the well-known driver of insulin, but we were surprised to see such high variability, with some individuals showing a strong response to proteins, and others to fats, which had never been characterized before," said senior author Dr. James Johnson, a professor of cellular and physiological sciences at UBC. "Insulin plays a major role in human health, in everything from diabetes, where it is too low, to obesity, weight gain and even some forms of cancer, where it is too high. These findings lay the groundwork for personalized nutrition that could transform how we treat and manage a range of conditions."

For the study, the researchers conducted tests on pancreatic islets from 140 deceased male and female donors across a wide age range. The islets were exposed to each of the three macronutrients, while the researchers measured the insulin response alongside 8,000 other proteins.

Although most donors' islet cells had the strongest insulin response to carbohydrates, approximately nine per cent responded strongly to proteins, while another eight per cent of the donor cells were more responsive to fats than any other nutrient -- even glucose.

"This research challenges the long-held belief that fats have negligible effects on insulin release in everyone," says first author Dr. Jelena Kolic, a research associate in the Johnson lab at UBC. "With a better understanding of a person's individual drivers of insulin production, we could potentially provide tailored dietary guidance that would help people better manage their blood sugar and insulin levels."

The research team also examined a subset of islet cells from donors who had Type 2 diabetes. As expected, these donor cells had a low insulin response to glucose. However, the researchers were surprised to see that their insulin response to proteins remained largely intact.




"This really bolsters the case that protein-rich diets could have therapeutic benefits for patients with Type 2 diabetes and highlights the need for further research into protein-stimulated insulin secretion," said Dr. Kolic.

The team conducted a comprehensive protein and gene expression analysis on the pancreatic islet cells, providing insights into the molecular and cellular characteristics that shape insulin production. In the future, the researchers say it could be possible use genetic testing to determine which macronutrients are likely to trigger a person's insulin response.

As a next step, the researchers hope to expand their work into clinical studies that would test insulin responsiveness to the trio of macronutrients in a real-world setting, and to begin developing personalized nutrition approaches based on the findings.

This research was supported by the Canadian Institutes for Health Research and JDRF Canada. The researchers would like to thank the organ donors and their families for their gift that enabled this research, made through the Human Organ Procurement and Exchange program and Trillium Gift of Life Network. 
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Melting of Alaskan glaciers accelerating faster than previously thought | ScienceDaily
Melting of glaciers in a major Alaskan icefield has accelerated and could reach an irreversible tipping point earlier than previously thought, new research suggests.


						
The research, led by scientists at Newcastle University, UK, found that glacier loss on Juneau Icefield, which straddles the boundary between Alaska and British Columbia, Canada, has increased dramatically since 2010.

The team, which also included universities in the UK, USA and Europe, looked at records going back to 1770 and identified three distinct periods in how icefield volume changed. They saw that glacier volume loss remained fairly consistent from 1770 -- 1979 at between 0.65- 1.01 km3 per year, increasing to 3.08-3.72 km3 per year between 1979-2010. Between 2010-2020 there was a sharp acceleration when the rate of ice loss doubled, reaching 5.91 km3 per year.

In particular, the research, published in Nature Communications, found that icefield-wide, rates of glacier area shrinkage were five times faster from 2015-2019 relative to 1948-1979.

Overall, the total ice loss across the Juneau icefield between 1770-2020 (315.3 +- 237.5 km3) equated to just under a quarter of the original ice volume.

The increased rate of glacier thinning has also been accompanied by increased glacier fragmentation. The team mapped a dramatic increase in disconnections, where the lower parts of a glacier become separated from the upper parts.

Additionally, 100% of glaciers mapped in 2019 have receded relative to their position in 1770, and 108 glaciers have disappeared completely.




Study lead, Dr Bethan Davies, Senior Lecturer, Newcastle University, said:

"It's incredibly worrying that our research found a rapid acceleration since the early 21st century in the rate of glacier loss across the Juneau icefield.

"Alaskan icefields -- which are predominantly flat, plateau icefields -- are particularly vulnerable to accelerated melt as the climate warms since ice loss happens across the whole surface, meaning a much greater area is affected.

"Additionally, flatter ice caps and icefields cannot retreat to higher elevations and find a new equilibrium.

"As glacier thinning on the Juneau plateau continues and ice retreats to lower levels and warmer air, the feedback processes this sets in motion is likely to prevent future glacier regrowth, potentially pushing glaciers beyond a tipping point into irreversible recession."

Alaska contains some of the world's largest plateau icefields and their melting is a major contributor to current sea level rise. The researchers think the processes they observed at Juneau are likely to affect other, similar icefields elsewhere across Alaska and Canada, as well as Greenland, Norway and other high-Arctic locations.




They also say current published projections for the Juneau icefield that suggest ice volume loss will be linear until 2040, accelerating only after 2070, may need to be updated to reflect the processes detailed in this latest study.

Dr Davies said: "This work has shown that different processes can accelerate melt, which means that currrent glacier projections may be too small and underestimate glacier melt in the future."

The team used a combination of historical glacier inventory records, 20th century archival aerial photographs, and satellite imagery as well as geomorphological mapping conducted during fieldwork in 2022 to piece together a comprehensive picture of changes over the past 250 years.

Dr Robert McNabb, Lecturer in Remote Sensing, Ulster University, said:

"What was really exciting about this research was piecing together thousands of archived aerial photographs to extract elevation, which gave us a really detailed insight into the long-term behaviour of the icefield.

"Putting together this archive of photographs, collected 70 and 50 years ago, was a little like doing the world's hardest jigsaw puzzle but the quality of the imagery meant we were able to reconstruct the icefield elevation in the pre-satellite era for the first time. Longer term archives like this one are an incredibly valuable resource, as they give us a much better understanding of the thresholds for accelerating change, as we've seen on the Juneau Icefield."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240702135402.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How our brains develop facial recognition skills: New face-detecting brain circuit | ScienceDaily
Scientists at the National Institutes of Health (NIH) have uncovered a brain circuit in primates that rapidly detects faces. The findings help not only explain how primates sense and recognize faces, but could also have implications for understanding conditions such as autism, where face detection and recognition are often impaired from early childhood. The newly discovered circuit first engages an evolutionarily ancient part of the brain called the superior colliculus, which can then trigger the eyes and head to turn for a better look. This better view enables different brain areas in the temporal cortex to engage in more complex facial recognition. The study was published in the journal Neuron.


						
"Quick recognition of faces is a key skill in humans and other primates," said Richard Krauzlis, Ph.D., of NIH's National Eye Institute (NEI) and senior author of the study. "This newly discovered circuit explains how we're able to quickly detect and look at faces, even if they first show up in the peripheral visual field where visual acuity is poor. This circuit could be what spotlights faces to help the brain learn to recognize individuals and understand complex facial expressions, helping us acquire important social interaction skills."

In adult primates, the brain develops specialized regions of the temporal cortex called "face patches" that provide the ability to recognize and distinguish individuals by their facial features. However, facial recognition depends on fine details provided by the eye's high acuity central vision; for us to recognize a face, we first have to look directly at it.

When babies are born, they lack the high acuity vision needed to see the fine details of faces, and the face-specific areas of the cortex don't develop until later. Even so, babies generally orient and look at faces very early in life, suggesting that another process is in play.

These observations left scientists with several questions, including: how does the brain shift the eyes towards a face to better see fine details? What provides this face preference before the brain's "face patches" develop? And how do the brain's "face patches" develop the ability to understand faces in the first place?

Krauzlis and colleagues hypothesized that the superior colliculus -- known to detect objects -- could provide the missing link. Part of the midbrain, it tells the rest of the brain if something is present somewhere -- not what the object is, but simply that it is there. It functions extremely quickly and connects directly to the motor parts of the brain, directing movements of the eyes towards objects of interest, or flinching out of the way of an object in the peripheral vision.

To test whether the superior colliculus might aid in face detection specifically, co-first authors Gongchen Yu, Ph.D., and Leor Katz, Ph.D., assembled a collection of images, including faces, biological non-face objects, like hands and arms, and other items like fruit or human-made objects. They then showed these images to adult monkeys in the monkeys' peripheral visual field and recorded neuronal responses in the superior colliculus.




Previous studies had suggested that the detection of objects by the superior colliculus was object-agnostic, meaning that this part of the brain was just noting the presence or absence of something, without any differentiation of what that thing might be. However, in this study, Krauzlis and colleagues found that within 40 milliseconds, more than half the neurons they measured responded more strongly to images of faces compared to other types of objects. Some additional neurons eventually displayed preferences for other types of objects, but not until 100 milliseconds. In other words, the face-specific detection was much faster than detection of other objects, and was preferred by a large proportion of the measured neurons.

The researchers were also able to determine that, while the superior colliculus can receive visual information directly from the eye, this object detection process instead requires input from the early part of the visual cortex first.

Since the superior colliculus also reconnects back to the visual cortex later on in the visual processing pathway, the scientists suspect that this circuit provides a mechanism to highlight the importance of certain objects.

"We believe this face-preference circuit may actually drive the development of the brain's more advanced facial recognition processes," said Krauzlis. "If so, deficits in this face preference in the superior colliculus might play a role in autism."

This study was funded by the NEI Intramural Program. In addition to co-lead authors Yu and Katz, Christian Quaia, Ph.D., and Adam Messinger, Ph.D., also contributed to the research.
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Organic material from Mars reveals the likely origin of life's building blocks | ScienceDaily
Two samples from Mars together deliver the "smoking gun" in a new study showing the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago by University of Copenhagen researchers that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.


						
In a meteor crater on the red planet, a solitary robot is moving about. Right now it is probably collecting soil samples with a drill and a robotic arm, as it has quite a habit of doing. NASA's Curiosity rover has been active on Mars as the extended arm of science for nearly 12 years, and it continues to make discoveries that surprise and challenge scientists' understanding of both Mars and our own world here on Earth.

Most recently, the discovery of sedimentary organic material with particular properties has had many researchers scratching their heads. The properties of these carbon-based materials, in particular the ratio of its carbon isotopes, surprised researchers.

Organic materials with such properties, if found on Earth, would typically be a sign of microorganisms, but they can also be the result of non-biological, chemical processes. The find obviously had researchers scrambling for a clear answer, but nothing seemed to fit.

However, for the research collaboration behind a new study published in Nature Geoscience, there has been little hair scratching and much enthusiasm.

In fact, the discovery on Mars provided the missing piece that made everything fall into place for this group of researchers from the University of Copenhagen and the Tokyo Institute of Technology.

As co-author and chemistry professor Matthew Johnson puts it, it is "the smoking gun" needed to confirm a decade old theory of his about so-called photolysis in Mars' atmosphere.




With the Curiosity sample, the new research is able to prove with reasonable certainty that the Sun broke down CO2 in the Martian atmosphere billions of years ago -- as the old theory predicted. And that the resulting carbon monoxide gradually reacted with other chemicals in the atmosphere synthesizing complex molecules -- and thus providing Mars with organic materials.

"Such carbon-based complex molecules are the prerequisite of life, the building blocks of life one might say. So, this it is a bit like the old debate about which came first, the chicken or the egg. We show that the organic material found on Mars has been formed through atmospheric photochemical reactions -- without life that is. This is the 'egg', a prerequisite of life. It still remains to be shown whether or not this organic material resulted in life on the Red Planet." said Johnson and continued:

"Additionally because Earth, Mars and Venus had very similar CO2 rich atmospheres long ago when this photolysis took place, it can also prove important for our understanding of how life began on Earth," said Professor Matthew Johnson from Department of Chemistry at University of Copenhagen.

Two pieces separated by 50 Million Kilometers -- one puzzle solved

12 years ago Johnson and two colleagues used simulations based on quantum mechanics to determine what happens when a CO2 rich atmosphere is exposed to the UV-light of the Sun, in a process known as photolysis.

Basically, on Mars around 20% of the CO2 is split into oxygen and carbon monoxide. But carbon has two stable isotopes: carbon-12 and carbon-13. Usually they are present in a ratio of one carbon-13 for every 99 carbon-12. However, photolysis works faster for the lighter carbon-12, so the carbon monoxide produced by photolysis has less carbon-13 (is depleted), and the left over CO2 has more (is enriched).




Because of this, Johnson and his colleagues were able to make very precise predictions of the ratio of carbon isotopes after photolysis. And this gave them two distinctive fingerprints to look for. One of these was identified in a different Martian sample, years ago.

"We actually have a piece of Mars here on Earth, which was knocked off that planet by a meteorite, and then became one itself, when it landed here on Earth. This meteorite, called Allan Hills 84001 for the place in Antarctica where it was found, contains carbonate minerals that form from CO2 in the atmosphere. The smoking gun here is that the ratio of carbon isotopes in it exactly matches our predictions in the quantum chemical simulations, but there was a missing piece in the puzzle. We were missing the other product of this chemical process to confirm the theory, and that's what we've now obtained," says Matthew Johnson.

The carbon in the Allan Hills meteorite is enriched in carbon-13, which makes it the mirror image of the depletion in carbon-13 that has now been measured in the organic material found by Curiousity on Mars.

The new study has thus linked data from two samples, which researchers believe have the same origin in Mars' childhood but were found more than 50 million kilometers apart.

"There is no other way to explain both the carbon-13 depletion in the organic material and the enrichment in the Martian meteorite, both relative to the composition of volcanic CO2 emitted on Mars, which has a constant composition, similar as for Earth's volcanos, and serves as a baseline," said Johnson

Hope to find the same evidence on Earth

Because the organic material contains this isotopic "fingerprint" of where it came from, researchers are able to trace the source of the carbon in the organic material to the carbon monoxide formed by photolysis in the atmosphere. But this also reveals a lot about what happened to it in between.

"This shows that carbon monoxide is the starting point for the synthesis of organic molecules in these kinds of atmospheres. So we have an important conclusion about the origin of life's building blocks. Although so far only on Mars," said Matthew Johnson.

Researchers hope to find the same isotopic evidence on Earth, but this has yet to happen, and it could be a much bigger challenge because our geological development has changed the surface significantly compared to Mars, Johnson explains.

"It is reasonable to assume that the photolysis of CO2 was also a prerequisite for the emergence of life here on Earth, in all its complexity. But we have not yet found this "smoking gun" material here on Earth to prove that the process took place. Perhaps because Earth's surface is much more alive, geologically and literally, and therefore constantly changing. But it is a big step that we have now found it on Mars, from a time when the two planets were very similar," says Matthew Johnson.

Facts: Organic material

The sample found on Mars contains deposits of so-called organic material. To laymen this may sound more exciting than it is. Organic material in a chemical context does not necessarily mean something living, as one might normally think. The term covers molecules that contain carbon and at least one other element and can easily exist without life. These molecules are rather the building blocks of life.

Facts: What is Photolysis

Photolysis means that the Sun's UV rays provide molecules with energy to perform a chemical transformation. According to the research this happened in the Martian atmosphere, where 20% of CO2 molecules there were split into oxygen and carbon monoxide.

In earlier research, Johnson and colleagues showed that carbon dioxide containing the carbon-12 isotope is photolysed more quickly than the heavier isotope carbon-13.

Over time, CO is produced that is depleted in 13C, and 13C builds up in the remaining CO2. This results in so-called isotopic enrichment in CO2 and depletion in CO, like mirror images or each other or the two halves of a broken plate.

It is the fractionation ratio in carbon, which serves as evidence of photolysis in the two samples from Mars.

Facts: The oxygen painted Mars red

Photolysis of a CO2 molecule yields carbon monoxide (CO) and an oxygen atom (O). On Mars, only carbon monoxide remains, which is transformed into the organic material found by the Curiosity rover.

But where the oxygen has gone is also no secret. The oxygen combines into O2, which interacts with iron on Mars' surface. The Red Planet is rust red due to oxidized iron.

Facts: Isotopes Have Different Weights

Isotopes are variants of the same element that have different weights because the nucleus contains more or fewer neutrons.

Carbon has two stable isotopes -- Normally, about 99% of carbon has 6 protons and 6 neutrons in its nucleus (12C). About 1% has 6 protons and 7 neutrons instead (13C). The ratio can serve as a chemical fingerprint revealing what reactions the carbon has undergone.

Photolysis favors carbon-12, and a high concentration of the isotope can therefore indicate this process.

Extra Info: The Famous Mars Meteorite

The discovery of organic sediments on Mars with a low ratio of carbon-13 completes the puzzle of empirical evidence for the photolysis theory, since researchers already found the other part of that puzzle years ago in the famous meteorite, Allan Hills 84001. The meteorite contains carbonate with a heightened concentration of heavy carbon 13 isotopes.

Discovered in Antarctica 40 years ago by Roberta Score, the meteorite is believed to originate from the Red Planet and became particularly well known because it contains some deposits that led NASA researchers to announce in 1996 that they believed they had found traces of microscopic fossils of bacteria from Mars.

Today, the consensus is that these deposits are abiotic -- that is, stemming from non-biological processes.

Extra info: Mars, Earth, and Venus Had the Same Atmosphere

According to researchers, Earth had approximately the same atmosphere as our neighboring planets Mars and Venus billions of years ago.

When the early planets Venus, Earth, and Mars eventually formed solid surfaces, researchers believe they began to release large amounts of CO2 from extreme volcanic activity. That's how they formed their first atmospheres with large concentrations of the gas. Oxygen had not yet become part of the atmosphere; this happened later on Earth, after the emergence of life.

The photolysis theory states that UV rays from the sun then start a chain of chemical reactions. A chain that starts with the breakdown of CO2 into carbon monoxide, which is the building block for a multitude of other chemical compounds.

Thus, with the help of the Sun, the foundation for the many carbon compounds and complex molecules we have today was formed -- in the case of Earth, the foundation for life.

"Since then the fate of the three planets has been significantly different. Earth's carbon dioxide reacted with our large amount of surface water and much of it deposited over time as carbonate rocks like limestone, leaving the atmosphere dominated by nitrogen, as we have today. Life arose, and microorganisms produced oxygen, which, among other things, created our ozone layer, while Mars and Venus still have very CO2-dominant atmospheres today," explains Matthew Johnson.

Today, Venus has a very dense and toxic atmosphere primarily of CO2, which gives it a surface temperature of around 450 degrees Celsius.

On Mars, the atmosphere has become much thinner compared to Earth's, and has left a desert landscape.
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Weight change across common antidepressant medications | ScienceDaily
New evidence comparing weight gain under eight different first-line antidepressants finds that bupropion users are 15-20% less likely to gain a clinically significant amount of weight than users of sertraline, the most common medication.


						
The findings are published July 2 in Annals of Internal Medicine.

Antidepressants are among the most commonly prescribed medications in the U.S., with 14% of U.S. adults reporting using an antidepressant. Weight gain is a common side effect, which could affect patients' long-term metabolic health and cause some to stop taking their prescribed treatment, leading to poor clinical outcomes. Although antidepressants overall are associated with weight gain, specific antidepressant medications may affect weight differently.

The new findings, led by investigators from the Harvard Pilgrim Health Care Institute reveal which common antidepressants are associated with the most and least weight gain following medication initiation.

"Patients and their clinicians often have several options when starting an antidepressant for the first time. This study provides important real-world evidence regarding the amount of weight gain that should be expected after starting some of the most common antidepressants," said lead author Joshua Petimar, Harvard Medical School assistant professor of population medicine at the Harvard Pilgrim Health Care Institute. "Clinicians and patients can use this information, among other factors, to help decide on the right choice for them."

Researchers used electronic health record prescription data from eight health systems in the U.S. participating in PCORnet, the National Patient-Centered Clinical Research Network, to conduct the study using data from 183,118 adults ages 18-80 years who were new users of antidepressants. While randomized control trials are considered the most rigorous method for comparing the effects of different medications, they are prohibitively costly and time consuming. In this case, the study team emulated a randomized trial by designing their ideal, hypothetical trial and aligning the data to match that trial as closely as possible.

Study investigators compared weight at 6, 12, and 24 months after initiation of eight common antidepressants: sertraline, citalopram, escitalopram, fluoxetine, paroxetine, bupropion, duloxetine, and venlafaxine.

Results showed that bupropion users gained the least amount of weight compared to users of other antidepressants. Bupropion users were approximately 15-20% less likely to gain a clinically significant amount of weight than those taking the most common medication, sertraline. The researchers considered weight gain of 5% or more as clinically significant. Results also showed a large percentage of patients were taking a medication that led to greater weight gain than alternatives that are commonly available in the same class or subclass. For example, sertraline, escitalopram, and paroxetine are all selective serotonin reuptake inhibitors (SSRI), the most common type of antidepressant, but escitalopram and paroxetine were each associated with an approximate 15% higher risk of gaining a clinically significant amount of weight than sertraline in the first 6 months.

"Although there are several reasons why patients and their clinicians might choose one antidepressant over another, weight gain is an important side effect that often leads to patients stopping their medication," said senior author Jason Block, a general internal medicine physician and Harvard Medical School associate professor of population medicine at the Harvard Pilgrim Health Care Institute. "Our study found that some antidepressants, like bupropion, are associated with less weight gain than others. Patients and their clinicians could consider weight gain as one reason for choosing a medication that best fits their needs."
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A prosthesis driven by the nervous system helps people with amputation walk naturally | ScienceDaily
State-of-the-art prosthetic limbs can help people with amputations achieve a natural walking gait, but they don't give the user full neural control over the limb. Instead, they rely on robotic sensors and controllers that move the limb using predefined gait algorithms.


						
Using a new type of surgical intervention and neuroprosthetic interface, MIT researchers, in collaboration with colleagues from Brigham and Women's Hospital, have shown that a natural walking gait is achievable using a prosthetic leg fully driven by the body's own nervous system. The surgical amputation procedure reconnects muscles in the residual limb, which allows patients to receive "proprioceptive" feedback about where their prosthetic limb is in space.

In a study of seven patients who had this surgery, the MIT team found that they were able to walk faster, avoid obstacles, and climb stairs much more naturally than people with a traditional amputation.

"This is the first prosthetic study in history that shows a leg prosthesis under full neural modulation, where a biomimetic gait emerges. No one has been able to show this level of brain control that produces a natural gait, where the human's nervous system is controlling the movement, not a robotic control algorithm," says Hugh Herr, a professor of media arts and sciences, co-director of the K. Lisa Yang Center for Bionics at MIT, an associate member of MIT's McGovern Institute for Brain Research, and the senior author of the new study.

Patients also experienced less pain and less muscle atrophy following this surgery, which is known as the agonist-antagonist myoneural interface (AMI). So far, about 60 patients around the world have received this type of surgery, which can also be done for people with arm amputations.

Hyungeun Song, a postdoc in MIT's Media Lab, is the lead author of the paper, which will appear in Nature Medicine.

Sensory feedback

Most limb movement is controlled by pairs of muscles that take turns stretching and contracting. During a traditional below-the-knee amputation, the interactions of these paired muscles are disrupted. This makes it very difficult for the nervous system to sense the position of a muscle and how fast it's contracting -- sensory information that is critical for the brain to decide how to move the limb.




People with this kind of amputation may have trouble controlling their prosthetic limb because they can't accurately sense where the limb is in space. Instead, they rely on robotic controllers built into the prosthetic limb. These limbs also include sensors that can detect and adjust to slopes and obstacles.

To try to help people achieve a natural gait under full nervous system control, Herr and his colleagues began developing the AMI surgery several years ago. Instead of severing natural agonist-antagonist muscle interactions, they connect the two ends of the muscles so that they still dynamically communicate with each other within the residual limb. This surgery can be done during a primary amputation, or the muscles can be reconnected after the initial amputation as part of a revision procedure.

"With the AMI amputation procedure, to the greatest extent possible, we attempt to connect native agonists to native antagonists in a physiological way so that after amputation, a person can move their full phantom limb with physiologic levels of proprioception and range of movement," Herr says.

In a 2021 study, Herr's lab found that patients who had this surgery were able to more precisely control the muscles of their amputated limb, and that those muscles produced electrical signals similar to those from their intact limb.

After those encouraging results, the researchers set out to explore whether those electrical signals could generate commands for a prosthetic limb and at the same time give the user feedback about the limb's position in space. The person wearing the prosthetic limb could then use that proprioceptive feedback to volitionally adjust their gait as needed.

In the new Nature Medicine study, the MIT team found this sensory feedback did indeed translate into a smooth, near-natural ability to walk and navigate obstacles.




"Because of the AMI neuroprosthetic interface, we were able to boost that neural signaling, preserving as much as we could. This was able to restore a person's neural capability to continuously and directly control the full gait, across different walking speeds, stairs, slopes, even going over obstacles," Song says.

A natural gait

For this study, the researchers compared seven people who had the AMI surgery with seven who had traditional below-the-knee amputations. All of the subjects used the same type of bionic limb: a prosthesis with a powered ankle as well as electrodes that can sense electromyography (EMG) signals from the tibialis anterior the gastrocnemius muscles. These signals are fed into a robotic controller that helps the prosthesis calculate how much to bend the ankle, how much torque to apply, or how much power to deliver.

The researchers tested the subjects in several different situations: level-ground walking across a 10-meter pathway, walking up a slope, walking down a ramp, walking up and down stairs, and walking on a level surface while avoiding obstacles.

In all of these tasks, the people with the AMI neuroprosthetic interface were able to walk faster -- at about the same rate as people without amputations -- and navigate around obstacles more easily. They also showed more natural movements, such as pointing the toes of the prosthesis upward while going up stairs or stepping over an obstacle, and they were better able to coordinate the movements of their prosthetic limb and their intact limb. They were also able to push off the ground with the same amount of force as someone without an amputation.

"With the AMI cohort, we saw natural biomimetic behaviors emerge," Herr says. "The cohort that didn't have the AMI, they were able to walk, but the prosthetic movements weren't natural, and their movements were generally slower."

These natural behaviors emerged even though the amount of sensory feedback provided by the AMI was less than 20 percent of what would normally be received in people without an amputation.

"One of the main findings here is that a small increase in neural feedback from your amputated limb can restore significant bionic neural controllability, to a point where you allow people to directly neurally control the speed of walking, adapt to different terrain, and avoid obstacles," Song says.

"This work represents yet another step in us demonstrating what is possible in terms of restoring function in patients who suffer from severe limb injury. It is through collaborative efforts such as this that we are able to make transformational progress in patient care," says Matthew Carty, a surgeon at Brigham and Women's Hospital and associate professor at Harvard Medical School, who is also an author of the paper.

Enabling neural control by the person using the limb is a step toward Herr's lab's goal of "rebuilding human bodies," rather than having people rely on ever more sophisticated robotic controllers and sensors -- tools that are powerful but do not feel like part of the user's body.

"The problem with that long-term approach is that the user would never feel embodied with their prosthesis. They would never view the prosthesis as part of their body, part of self," Herr says. "The approach we're taking is trying to comprehensively connect the brain of the human to the electromechanics."

The research was funded by the MIT K. Lisa Yang Center for Bionics, the National Institute of Neurological Disorders and Stroke, a Neurosurgery Research Education Foundation Medical Research Fellowship, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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New and improved camera inspired by the human eye | ScienceDaily
A team led by University of Maryland computer scientists invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time. The team's prototyping and testing of the camera -- called the Artificial Microsaccade-Enhanced Event Camera (AMI-EV) -- was detailed in a paper published in the journal Science Robotics in May 2024.


						
"Event cameras are a relatively new technology better at tracking moving objects than traditional cameras, but -today's event cameras struggle to capture sharp, blur-free images when there's a lot of motion involved," said the paper's lead author Botao He, a computer science Ph.D. student at UMD. "It's a big problem because robots and many other technologies -- such as self-driving cars -- rely on accurate and timely images to react correctly to a changing environment. So, we asked ourselves: How do humans and animals make sure their vision stays focused on a moving object?"

For He's team, the answer was microsaccades, small and quick eye movements that involuntarily occur when a person tries to focus their view. Through these minute yet continuous movements, the human eye can keep focus on an object and its visual textures -- such as color, depth and shadowing -- accurately over time.

"We figured that just like how our eyes need those tiny movements to stay focused, a camera could use a similar principle to capture clear and accurate images without motion-caused blurring," He said.

The team successfully replicated microsaccades by inserting a rotating prism inside the AMI-EV to redirect light beams captured by the lens. The continuous rotational movement of the prism simulated the movements naturally occurring within a human eye, allowing the camera to stabilize the textures of a recorded object just as a human would. The team then developed software to compensate for the prism's movement within the AMI-EV to consolidate stable images from the shifting lights.

Study co-author Yiannis Aloimonos, a professor of computer science at UMD, views the team's invention as a big step forward in the realm of robotic vision.

"Our eyes take pictures of the world around us and those pictures are sent to our brain, where the images are analyzed. Perception happens through that process and that's how we understand the world," explained Aloimonos, who is also director of the Computer Vision Laboratory at the University of Maryland Institute for Advanced Computer Studies (UMIACS). "When you're working with robots, replace the eyes with a camera and the brain with a computer. Better cameras mean better perception and reactions for robots."

The researchers also believe that their innovation could have significant implications beyond robotics and national defense. Scientists working in industries that rely on accurate image capture and shape detection are constantly looking for ways to improve their cameras -- and AMI-EV could be the key solution to many of the problems they face.




"With their unique features, event sensors and AMI-EV are poised to take center stage in the realm of smart wearables," said research scientist Cornelia Fermuller, senior author of the paper. "They have distinct advantages over classical cameras -- such as superior performance in extreme lighting conditions, low latency and low power consumption. These features are ideal for virtual reality applications, for example, where a seamless experience and the rapid computations of head and body movements are necessary."

In early testing, AMI-EV was able to capture and display movement accurately in a variety of contexts, including human pulse detection and rapidly moving shape identification. The researchers also found that AMI-EV could capture motion in tens of thousands of frames per second, outperforming most typically available commercial cameras, which capture 30 to 1000 frames per second on average. This smoother and more realistic depiction of motion could prove to be pivotal in anything from creating more immersive augmented reality experiences and better security monitoring to improving how astronomers capture images in space.

"Our novel camera system can solve many specific problems, like helping a self-driving car figure out what on the road is a human and what isn't," Aloimonos said. "As a result, it has many applications that much of the general public already interacts with, like autonomous driving systems or even smartphone cameras. We believe that our novel camera system is paving the way for more advanced and capable systems to come."
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Self-assembling, highly conductive sensors could improve wearable devices | ScienceDaily
To advance soft robotics, skin-integrated electronics and biomedical devices, researchers at Penn State have developed a 3D-printed material that is soft and stretchable -- traits needed for matching the properties of tissues and organs -- and that self-assembles. Their approach employs a process that eliminates many drawbacks of previous fabrication methods, such as less conductivity or device failure, the team said.


						
They published their results in Advanced Materials.

"People have been developing soft and stretchable conductors for almost a decade, but the conductivity is not usually very high," said corresponding author Tao Zhou, Penn State assistant professor of engineering science and mechanics and of biomedical engineering in the College of Engineering and of materials science and engineering in the College of Earth and Mineral Sciences. "Researchers realized they could reach high conductivity with liquid metal-based conductors, but the significant limitation of that is that it requires a secondary method to activate the material before it can reach a high conductivity."

Liquid metal-based stretchable conductors suffer from inherent complexity and challenges posed by the post-fabrication activation process, the researchers said. The secondary activation methods include stretching, compressing, shear friction, mechanical sintering and laser activation, all of which can lead to challenges in fabrication and can cause the liquid metal to leak, resulting in device failure.

"Our method does not require any secondary activation to make the material conductive," said Zhou, who also has affiliations with the Huck Institutes of the Life Sciences and the Materials Research Institute. "The material can self-assemble to make its bottom surface be very conductive and its top surface self-insulated."

In the new method, the researchers combine liquid metal, a conductive polymer mixture called PEDOT:PSS and hydrophilic polyurethane that enables the liquid metal to transform into particles. When the composite soft material is printed and heated, the liquid metal particles on its bottom surface self-assemble into a conductive pathway. The particles in the top layer are exposed to an oxygen-rich environment and oxidize, forming an insulated top layer. The conductive layer is critical for conveying information to the sensor -- such as muscle activity recordings and strain sensing on the body -- while the insulated layer helps prevent signal leakage that could lead to less accurate data collection.

"Our innovation here is a materials one," Zhou said. "Normally, when liquid metal mixes with polymers, they are not conductive and require secondary activation to achieve conductivity. But these three components allow for the self-assembly that produces the high conductivity of soft and stretchable material without a secondary activation method."

The material can also be 3D-printed, Zhou said, making it easier to fabricate wearable devices. The researchers are continuing to explore potential applications, with a focus on assistive technology for people with disabilities.

The papers other authors are Salahuddin Ahmed, Marzia Momin and Jiashu Ren, all doctoral students in the Penn State engineering science and mechanics department, and Hyunjin Lee, a doctoral student in the biomedical engineering department at Penn State. This work was supported by the National Taipei University of Technology-Penn State Collaborative Seed Grant Program and by the Department of Engineering Science and Mechanics, the Materials Research Institute and the Huck Institutes of the Life Sciences at Penn State.
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Dampening the 'seeds' of hurricanes | ScienceDaily
Increased atmospheric moisture may alter critical weather patterns over Africa, making it more difficult for the predecessors of many Atlantic hurricanes to form, according to a new study published this month.


						
The research team, led by scientists from the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), used an innovative model that allows for higher-resolution simulations of hurricane formation than ever before. This allowed researchers to study the effects of increased regional moisture over Africa, which is the birthplace of weather systems that later produce hurricanes over the Atlantic.

Past research has suggested that warmer ocean water and a moister atmosphere could cause hurricanes to become more intense with greater amounts of rainfall. But how atmospheric moisture, which is predicted to increase in a warming climate, may be impacting hurricane formation itself has not been studied in detail until now.

The researchers found that a moister environment produced weaker and slower-moving African easterly waves, or disturbances which are the primary precursor or "seed" for hurricanes in the Atlantic. The addition of moisture moved the location of thunderstorms within the wave, making it harder for the wave to grow. Increased moisture also slowed the movement of the wave resulting in weaker and delayed hurricane seed formation by the time it reached eastern Atlantic waters.

"Considerable work during the last two decades has emphasized the role of deep moist convection to explain the development of African easterly waves," said NSF NCAR scientist and lead author Kelly Nunez Ocasio. "But, the precise role of moisture has proven somewhat elusive. With the development of new modeling capabilities, I was able to focus on the role of moisture in cyclogenesis stemming from the hurricane seed."

The study is funded by NSF NCAR and published in the Journal of Advances in Modeling Earth Systems. Nunez Ocasio pursued the research through the NSF NCAR Advanced Study Program which allows graduate and postdoctoral students to focus on emerging areas of science.

Next-gen modeling

The birth of hurricanes and other tropical cyclones, known as cyclogenesis, is a complex process where small-scale weather events and large-scale atmospherics happen simultaneously. This complexity has made it difficult to study and model the formation of tropical cyclones. Most climate models provide only a grainy picture of what is happening with localized weather, which makes it difficult to learn anything about the role of individual ingredients, like moisture, that mix together to create cyclogenesis.




To address this, the research team turned to the Model for Prediction Across Scales (MPAS). MPAS has the ability to model weather both locally and globally. This capability allowed Nunez Ocasio and her colleagues to zoom out and simulate global moisture and then zoom in to see how that would interact with localized weather events that lead to the formation of tropical cyclones.

The researchers started the experiment by using MPAS to reproduce a moisture-driven African easterly wave that became hurricane Helene in 2006. The team used that base to add or take away moisture and study what happened with those changes.

"When I increased the moisture we saw more convection and thunderstorms, which is to be expected; however, we discovered that the waves struggled to pair with the more intense and deep convection," said Nunez Ocasio. "With increased moisture, the energy source of tropical cyclone seeds moved north and further away, reducing the kinetic energy available to the African easterly wave, which led to weak, energy-starved tropical cyclone seeds."

Studying the evolution of tropical cyclones after this initial phase was outside the scope of this study. More research is needed to discover whether these weaker seeds lead to weaker tropical cyclones and hurricanes or if it will just take them longer to form.

The conditions leading to tropical cyclone formation are complex, but researchers hope these newer modeling techniques will lead to better predictions. For instance, Nunez Ocasio is beginning to run simulations where she alters other atmospheric variables key to generating tropical cyclones.

"In addition to moisture, I'm altering other variables in the model to more realistically reproduce a future climate scenario in collaboration with Erin Dougherty, NSF NCAR project scientist," she said. "So far, I'm seeing similarities to the results of this study even as I alter those other significant pieces."
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Layers of carbonate provide insight into the world of the ancient Romans | ScienceDaily
Archaeologists face a major challenge when they intend to acquire information about buildings or facilities of which only ruins remain. This was a particular challenge for the remnants of the Roman water mills in Barbegal in Southern France, dating back to the 2nd century CE. This unique industrial complex consisted of 16 water wheels placed in parallel rows, eight on the east and eight on the west side, which were operated in a waterfall-like arrangement. Little could at first be deduced about the site from these now scant ruins -- except that the wheels were supplied by an aqueduct that brought water from the surrounding hills. A coin issued during the reign of the Emperor Trajan discovered in a basin above the mill complex as well as the structural characteristics of the site indicate that the mill was in use for about 100 years. However, the type of mill wheels, their function and how they were employed has remained a mystery until now.


						
Carbonate fragments provide remarkable information

Professor Cees W. Passchier and Dr. Gul Surmelihindi from Johannes Gutenberg University Mainz (JGU), in collaboration with colleagues from France and Austria, have now unraveled the history of the mill complex using calcium carbonate deposits that are now stored in the Archaeological Museum of Arles. These deposits had formed towards the end of the roughly 100-year operational life of the Barbegal water mills on the sides and base of the wooden supply system that conveyed the water to the wheels. "We show that it is possible to reconstruct to a large extent the history of a water mill on the basis of such carbonate deposits," stated Passchier, head of the JGU team. First, the researchers had to fit some of the total of 140 stored pieces together like a jigsaw puzzle, then they analyzed the layers using various techniques, including mass spectrometry.

Wooden water wheels and gutters were replaced

The researchers have now published their results in Geoarchaeology. "We were able to show, for example, that wooden water wheels and water channels had to be replaced after three to eight years. In at least one case, an old water wheel was replaced by a larger one," said Passchier. The researchers drew this conclusion from the unusual shape of the carbonate deposits that had formed in the water channel. While the lower and earlier layers indicate that water levels must have originally been relatively low, upper and later carbonate layers indicate a higher water level. The possibility that there was originally less water flowing through the water channel which was subsequently increased was rejected by the researchers. They established that -- for a gently sloping water channel and low water level -- the amount of water provided would not have been sufficient to drive a mill wheel. Therefore, the inclination of the water channel must have been altered, from what was at first a steeper angle with a low water level to a shallower slope transporting water at a correspondingly higher level. "The entire structure of this water mill must have been modified," said Passchier. "If you uplift the water channel alone, the water tends to splatter, losing the power to drive the wheel efficiently. Thus, when you uplift the water channel, you also need a larger water wheel." In fact, a section of carbonate deposit formed on the water wheel corroborates this conclusion as it does not contain all the carbonate layers but only those of the latter years of operation.

Results of isotope analysis provide evidence of the mill's service life

Using isotope analysis of the carbonate layers, the researchers were even able to ascertain the operating periods before which parts of the mill required renewal. Carbonate contains oxygen and the relative ratios of oxygen isotopes differ depending on water temperature. Based on the isotope composition in the carbonate layers, the researchers were able to infer water temperatures and thus identify the seasons in which the layers were deposited. They concluded that the carbonate from the samples in the Archaeological Museum in Arles had been deposited in the water channels over a period of seven to eight years. "The uppermost and thus youngest carbonate layer contains mollusk shells and fragments of wood, showing that the mill must have been abandoned by then and was disintegrating. The water continued to flow for a while so that carbonate deposits also continued to form, but maintenance of the water channels ceased," said Passchier.

The researchers were able to answer yet another question. It was not previously known whether the mills had been run in combination by a single operator or whether the 16 water wheels had been used independently of each other. Judging from the layers of three investigated water channels, which are clearly different from each other, the mills were in operation separately -- at least towards the end of their lifetime. Moreover, the western side of the complex was abandoned earlier than the eastern side. Finally, long pieces of carbonate from the water channels were later used as partition screens in a water basin for other industrial purposes after the mills had already been abandoned.
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The evidence is mounting: humans were responsible for the extinction of large mammals | ScienceDaily
The debate has raged for decades: Was it humans or climate change that led to the extinction of many species of large mammals, birds, and reptiles that have disappeared from Earth over the past 50,000 years?


						
By "large," we mean animals that weighed at least 45 kilograms -- known as megafauna. At least 161 species of mammals were driven to extinction during this period. This number is based on the remains found so far.

The largest of them were hit the hardest -- land-dwelling herbivores weighing over a ton, the megaherbivores. Fifty thousand years ago, there were 57 species of megaherbivores. Today, only 11 remain. These remaining 11 species have also seen drastic declines in their populations, but not to the point of complete extinction.

A research group from the Danish National Research Foundation's Center for Ecological Dynamics in a Novel Biosphere (ECONOVO) at Aarhus University now concludes that many of these vanished species were hunted to extinction by humans.

Many different fields of research

They present this conclusion in a review article invited by and published in the scientific journal Cambridge Prisms: Extinction. A review article synthesizes and analyses existing research within a particular field.

In this case, the researchers from Aarhus University incorporated several research fields, including studies directly related to the extinction of large animals, such as:

- The timing of species extinctions




- The animals' dietary preferences

- Climate and habitat requirements

- Genetic estimates of past population sizes

- Evidence of human hunting

Additionally, they included a wide range of studies from other fields necessary to understand the phenomenon, such as:

- Climate history over the past 1-3 million years

- Vegetation history over the past 1-3 million years




- Evolution and dynamics of fauna over the past 66 million years

- Archaeological data on human expansion and lifestyle, including dietary preferences

Climate change played a lesser role

The dramatic climate changes during the last interglacial and glacial periods (known as the late Pleistocene, from 130,000 to 11,000 years ago) certainly affected populations and distributions of both large and small animals and plants worldwide. However, significant extinctions were observed only among the large animals, particularly the largest ones.

An important observation is that the previous, equally dramatic ice ages and interglacials over the past couple of million years did not cause a selective loss of megafauna. Especially at the beginning of the glacial periods, the new cold and dry conditions caused large-scale extinctions in some regions, such as trees in Europe. However, there were no selective extinctions of large animals.

"The large and very selective loss of megafauna over the last 50,000 years is unique over the past 66 million years. Previous periods of climate change did not lead to large, selective extinctions, which argues against a major role for climate in the megafauna extinctions," says Professor Jens-Christian Svenning. He leads ECONOVO and is the lead author of the article. He adds, "Another significant pattern that argues against a role for climate is that the recent megafauna extinctions hit just as hard in climatically stable areas as in unstable areas."

Effective hunters and vulnerable giants

Archaeologists have found traps designed for very large animals, and isotope analyses of ancient human bones and protein residues from spear points show that they hunted and ate the largest mammals.

Jens-Christian Svenning adds, "Early modern humans were effective hunters of even the largest animal species and clearly had the ability to reduce the populations of large animals. These large animals were and are particularly vulnerable to overexploitation because they have long gestation periods, produce very few offspring at a time, and take many years to reach sexual maturity."

The analysis shows that human hunting of large animals such as mammoths, mastodons, and giant sloths was widespread and consistent across the world.

It also shows that the species went extinct at very different times and at different rates around the world. In some local areas, it happened quite quickly, while in other places it took over 10,000 years. But everywhere, it occurred after modern humans arrived, or in Africa's case, after cultural advancements among humans.

...in all types of environments

Species went extinct on all continents except Antarctica and in all types of ecosystems, from tropical forests and savannas to Mediterranean and temperate forests and steppes to arctic ecosystems.

"Many of the extinct species could thrive in various types of environments. Therefore, their extinction cannot be explained by climate changes causing the disappearance of a specific ecosystem type, such as the mammoth steppe -- which also housed only a few megafauna species," explains Jens-Christian Svenning. "Most of the species existed under temperate to tropical conditions and should actually have benefited from the warming at the end of the last ice age."

Consequences and recommendations

The researchers point out that the loss of megafauna has had profound ecological consequences. Large animals play a central role in ecosystems by influencing vegetation structure (e.g., the balance between dense forests and open areas), seed dispersal, and nutrient cycling. Their disappearance has resulted in significant changes in ecosystem structures and functions.

"Our results highlight the need for active conservation and restoration efforts. By reintroducing large mammals, we can help restore ecological balances and support biodiversity, which evolved in ecosystems rich in megafauna," says Jens-Christian Svenning.

FACTS: The numbers of extinct and surviving species come from the freely accessible database PHYLACINE 1.2.1, which lists all known mammals that have lived in the past 129,000 years, including those that have gone extinct recently or are only found in captivity.
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Scientists turn white fat cells into calorie-burning beige fat | ScienceDaily
New UCSF study shows that suppressing a protein turns ordinary fat into a calorie burner and may explain why drug trials attempting the feat haven't been successful.


						
Researchers at UC San Francisco have figured out how to turn ordinary white fat cells, which store calories, into beige fat cells that burn calories to maintain body temperature.

The discovery could open the door to developing a new class of weight-loss drugs and may explain why clinical trials of related therapies have not been successful.

Until now, researchers believed creating beige fat might require starting from stem cells. The new study published July 1 in the Journal of Clinical Investigation, showed that ordinary white fat cells can be converted into beige fat simply by limiting production of a protein.

"A lot of people thought this wasn't feasible," said Brian Feldman, MD, PhD, the Walter L. Miller, MD Distinguished Professor in Pediatric Endocrinology and senior author of the study. "We showed not only that this approach works to turn these white fat cells into beige ones, but also that the bar to doing so isn't as high as we'd thought."

A fat transformation

Many mammals have three "shades" of fat cells: white, brown and beige. White fat serves as energy reserves for the body, while brown fat cells burn energy to release heat, which helps maintain body temperature.




Beige fat cells combine these characteristics. They burn energy, and unlike brown fat cells, which grow in clusters, beige fat cells are embedded throughout white fat deposits.

Humans and many other mammals are born with brown fat deposits that help them maintain body temperature after birth. But, while a human baby's brown fat disappears in the first year of life, beige fat persists.

Humans can naturally turn white fat cells into beige ones in response to diet or a cold environment. Scientists tried to mimic this by coaxing stem cells into becoming mature beige fat cells.

But stem cells are rare, and Feldman wanted to find a switch he could flip to turn white fat cells directly into beige ones.

"For most of us, white fat cells are not rare and we're happy to part with some of them," he said.

Of mice and humans

Feldman knew from his earlier experiments that a protein called KLF-15 plays a role in metabolism and the function of fat cells.




With postdoctoral scholar Liang Li, PhD, Feldman decided to investigate how the protein functioned in mice, which retain brown fat throughout their lives. They found that KLF-15 was much less abundant in white fat cells than in brown or beige fat cells.

When they then bred mice with white fat cells that lacked KLF-15, the mice converted them from white to beige. Not only could the fat cells switch from one form into another, but without the protein, the default setting appeared to be beige.

The researchers then looked at how KLF-15 exerts this influence. They cultured human fat cells and found that the protein controls the abundance of a receptor called Adrb1, which helps maintain energy balance.

Scientists knew that stimulating a related receptor, Adrb3, caused mice to lose weight. But human trials of drugs that act on this receptor have had disappointing results.

A different drug targeting the Adrb1 receptor in humans is more likely to work, according to Feldman, and it could have significant advantages over the new, injectable weight-loss drugs that are aimed at suppressing appetite and blood sugar.

Feldman's approach might avoid side effects like nausea because its activity would be limited to fat deposits, rather than affecting the brain. And the effects would be long lasting, because fat cells are relatively long-lived.

"We're certainly not at the finish line, but we're close enough that you can clearly see how these discoveries could have a big impact on treating obesity," he said.

Liang Li is also an author of this study.

This work was funded by NIH grant R01DK132404.
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Largest ever genetic study of age of puberty in girls shows links with weight gain | ScienceDaily
Genes can indirectly influence the age at which girls have their first period by accelerating weight gain in childhood, a known risk factor for early puberty, a Cambridge-led study has found. Other genes can directly affect age of puberty, some with profound effects.


						
In the largest study of its kind to date, an international team led by researchers at the Medical Research Council (MRC) Epidemiology Unit, University of Cambridge, studied the DNA of around 800,000 women from Europe, North America, China, Japan, and Korea.

Published today in Nature Genetics, the researchers found more than 1,000 variants -- small changes in DNA -- that influence the age of first menstrual period. Around 600 of these variants were observed for the first time.

The age at which girls hit puberty and start having periods normally occurs between ages 10 to 15, though this has been getting earlier and earlier in recent decades. The reasons for this are not fully understood. Early puberty is linked with increased risk of a number of diseases in later life, including type 2 diabetes, cardiovascular disease, and certain cancers. Later puberty on the other hand, has been linked to improved health in adulthood and a longer lifespan.

Just under half (45%) of the discovered genetic variants affected puberty indirectly, by increasing weight gain in early childhood.

Corresponding author Professor John Perry said: "Many of the genes we've found influence early puberty by first accelerating weight gain in infants and young children. This can then lead to potentially serious health problems in later life, as having earlier puberty leads to higher rates of overweight and obesity in adulthood."

Previous work by the team -- together with researchers at Cambridge's MRC Metabolic Diseases Unit -- showed that a receptor in the brain, known as MC3R, detects the nutritional state of the body and regulates the timing of puberty and rate of growth in children, providing a mechanism by which this occurs. Other identified genes appeared to be acting in the brain to control the release of reproductive hormones.




The scientists also analysed rare genetic variants that are carried by very few people, but which can have large effects on puberty. For example, they found that one in 3,800 women carry variants in the gene ZNF483, which caused these women to experience puberty on average, 1.3 years later.

Dr Katherine Kentistou, lead study investigator, added: "This is the first time we've ever been able to analyse rare genetic variants at this scale. We have identified six genes which all profoundly affect the timing of puberty. While these genes were discovered in girls, they often have the same impact on the timing of puberty in boys. The new mechanisms we describe could form the basis of interventions for individuals at risk of early puberty and obesity."

The researchers also generated a genetic score that predicted whether a girl was likely to hit puberty very early or very late. Girls with the highest 1% of this genetic score were 11 times more likely to have extremely delayed puberty -- that is, after age 15 years. On the other hand, girls with the lowest 1% genetic score were 14 times more likely to have extremely early puberty -- before age 10.

Senior author and paediatrician Professor Ken Ong said: "In the future, we may be able to use these genetic scores in the clinic to identify those girls whose puberty will come very early or very late. The NHS is already trialling whole genome sequencing at birth, and this would give us the genetic information we need to make this possible.

"Children who present in the NHS with very early puberty -- at age seven or eight -- are offered puberty blockers to delay it. But age of puberty is a continuum, and if they miss this threshold, there's currently nothing we have to offer. We need other interventions, whether that's oral medication or a behavioural approach, to help. This could be important for their health when they grow up."

The research was supported by the Medical Research Council and included data from the UK Biobank.
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Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread | ScienceDaily
If you've ever snacked on raisins or enjoyed a glass of wine, you may, in part, have the extinction of the dinosaurs to thank for it. In a discovery described in the journal Nature Plants, researchers found fossil grape seeds that range from 60 to 19 million years old in Colombia, Panama, and Peru. One of these species represents the earliest known example of plants from the grape family in the Western Hemisphere. These fossil seeds help show how the grape family spread in the years following the death of the dinosaurs.


						
"These are the oldest grapes ever found in this part of the world, and they're a few million years younger than the oldest ones ever found on the other side of the planet," says Fabiany Herrera, an assistant curator of paleobotany at the Field Museum in Chicago's Negaunee Integrative Research Center and the lead author of the Nature Plants paper. "This discovery is important because it shows that after the extinction of the dinosaurs, grapes really started to spread across the world."

It's rare for soft tissues like fruits to be preserved as fossils, so scientists' understanding of ancient fruits often comes from the seeds, which are more likely to fossilize. The earliest known grape seed fossils were found in India and are 66 million years old. It's not a coincidence that grapes appeared in the fossil record 66 million years ago-that's around when a huge asteroid hit the Earth, triggering a massive extinction that altered the course of life on the planet. "We always think about the animals, the dinosaurs, because they were the biggest things to be affected, but the extinction event had a huge impact on plants too," says Herrera. "The forest reset itself, in a way that changed the composition of the plants."

Herrera and his colleagues hypothesize that the disappearance of the dinosaurs might have helped alter the forests. "Large animals, such as dinosaurs, are known to alter their surrounding ecosystems. We think that if there were large dinosaurs roaming through the forest, they were likely knocking down trees, effectively maintaining forests more open than they are today," says Monica Carvalho, a co-author of the paper and assistant curator at the University of Michigan's Museum of Paleontology. But without large dinosaurs to prune them, some tropical forests, including those in South America, became more crowded, with layers of trees forming an understory and a canopy.

These new, dense forests provided an opportunity. "In the fossil record, we start to see more plants that use vines to climb up trees, like grapes, around this time," says Herrera. The diversification of birds and mammals in the years following the mass extinction may have also aided grapes by spreading their seeds.

In 2013, Herrera's PhD advisor and senior author of the new paper, Steven Manchester, published a paper describing the oldest known grape seed fossil, from India. While no fossil grapes had ever been found in South America, Herrera suspected that they might be there too.

"Grapes have an extensive fossil record that starts about 50 million years ago, so I wanted to discover one in South America, but it was like looking for a needle in a haystack," says Herrera. "I've been looking for the oldest grape in the Western Hemisphere since I was an undergrad student."

But in 2022, Herrera and his co-author Monica Carvalho were conducting fieldwork in the Colombian Andes when a fossil caught Carvalho's eye. "She looked at me and said, 'Fabiany, a grape!' And then I looked at it, I was like, 'Oh my God.' It was so exciting," recalls Herrera. The fossil was in a 60-million-year-old rock, making it not only the first South American grape fossil, but among the world's oldest grape fossils as well.




The fossil seed itself is tiny, but Herrera and Carvalho were able to identify it based on its particular shape, size, and other morphological features. Back in the lab, they conducted CT scans showing its internal structure that confirmed its identity. The team named the fossil Lithouva susmanii, "Susman's stone grape," in honor of Arthur T. Susman, a supporter of South American paleobotany at the Field Museum. "This new species is also important because it supports a South American origin of the group in which the common grape vine Vitis evolved," says co-author Gregory Stull of the National Museum of Natural History.

The team conducted further fieldwork in South and Central America, and in the Nature Plants paper, Herrera and his co-authors ultimately described nine new species of fossil grapes from Colombia, Panama, and Peru, spanning from 60 to 19 million years old. These fossilized seeds not only tell the story of grapes' spread across the Western Hemisphere, but also of the many extinctions and dispersals the grape family has undergone. The fossils are only distant relatives of the grapes native to the Western Hemisphere and a few, like the two species of Leea are only found in the Eastern Hemisphere today. Their places within the grape family tree indicate that their evolutionary journey has been a tumultuous one. "The fossil record tells us that grapes are a very resilient order. They're a group that has suffered a lot of extinction in the Central and South American region, but they also managed to adapt and survive in other parts of the world," says Herrera.

Given the mass extinction our planet is currently facing, Herrera says that studies like this one are valuable because they reveal patterns about how biodiversity crises play out. "But the other thing I like about these fossils is that these little tiny, humble seeds can tell us so much about the evolution of the forest," says Herrera.

This study was authored by Fabiany Herrera (Field Museum), Monica Carvalho (University of Michigan), Gregory Stull (National Museum of Natural History, Smithsonian Institution), Carlos Jarramillo (Smithsonian Tropical Research Institute), and Steven Manchester (Florida Museum of Natural History, University of Florida).
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This desert moss has the potential to grow on Mars | ScienceDaily

"Our study shows that the environmental resilience of S. caninervis is superior to that of some of highly stress-tolerant microorganisms and tardigrades," write the researchers, who include ecologists Daoyuan Zhang and Yuanming Zhang and botanist Tingyun Kuang of the Chinese Academy of Sciences. "S. caninervis is a promising candidate pioneer plant for colonizing extraterrestrial environments, laying the foundation for building biologically sustainable human habitats beyond Earth."

A small number of previous studies have tested the ability of microorganisms, algae, lichens, and plant spores to withstand the extreme environments of outer space or Mars, but this is the first study to test whole plants.

Syntrichia caninervis is a common moss species with a widespread global distribution. It grows in remarkably extreme desert environments including Tibet, Antarctica, and the circumpolar regions as part of the biological soil crust -- a widespread and resilient type of ground cover often found in arid lands. Given the moss's ability to survive extreme environmental conditions, the researchers decided to test its limits in the lab.

To test the moss's cold tolerance, the researchers stored plants at [?]80degC (in an ultra-cold freezer) for 3 and 5 years and at [?]196degC (in a liquid nitrogen tank) for 15 and 30 days. In all cases, the plants regenerated when they were defrosted, though their rebound was less rapid compared to control specimens that had been dehydrated but not frozen, and plants that were not dehydrated prior to freezing rebounded more slowly than plants that were dried, then frozen.

The moss also demonstrated the ability to survive gamma radiation exposure that would kill most plants, and doses of 500 Gy even seemed to promote the plants' growth. For comparison, humans experience severe convulsions and death when exposed to around 50 Gy. "Our results indicate that S. caninervis is among the most radiation-tolerant organisms known," the researchers write.

Finally, the researchers tested the moss's ability to endure Mars-like conditions using the Chinese Academy of Sciences' Planetary Atmospheres Simulation Facility. The simulator's Martian conditions included air composed of 95% CO2, temperatures that fluctuated from [?]60degC to 20degC, high levels of UV radiation, and low atmospheric pressure. Dried moss plants achieved a 100% regeneration rate within 30 days after being subjected to the Martian conditions for 1, 2, 3, and 7 days. Hydrated plants, which were only subjected to the simulator for one day, also survived, though they regenerated more slowly than their desiccated counterparts.

"Although there is still a long way to go to create self-sufficient habitats on other planets, we demonstrated the great potential of S. caninervis as a pioneer plant for growth on Mars," the researchers write. "Looking to the future, we expect that this promising moss could be brought to Mars or the Moon to further test the possibility of plant colonization and growth in outer space."

This research was supported by the Chinese Academy of Sciences, the Leading Talents in Technological Innovation Program, and The Third Xinjiang Scientific Expedition Program.
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'World record' for data transmission speed | ScienceDaily
Aston University researchers are part of a team that has sent data at a record rate of 402 terabits per second using commercially available optical fibre.


						
This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fibre.

"If compared to the internet connection speed recommendations of Netflix, of 3 Mbit/s or higher, for a watching a HD movie, this speed is over 100 million times faster.

The speed was achieved by using a wider spectrum, using six bands rather than the previous four, which increased capacity for data sharing. Normally just one or two bands are used.

The international research team included Professor Wladek Forysiak and Dr Ian Philips who are members of the University's Aston Institute of Photonic Technologies (AIPT). Led by the Photonic Network Laboratory of the National Institute of Information and Communications Technology (NICT) which is based in Tokyo, Japan it also including Nokia Bell labs of the USA.

Together they achieved the feat by constructing the first optical transmission system covering six wavelength bands (O,E,S,C,L and U) used in fibre optical communication. Aston University contributed specifically by building a set of U-band Raman amplifiers, the longest part of the combined wavelength spectrum, where conventional doped fibre amplifiers are not presently available from commercial sources.

Optical fibres are small tubular strands of glass that pass information using light unlike regular copper cables that can't carry data at such speeds.




As well as increasing capacity by approximately a third, the technique uses so-called "standard fibre" that is already deployed in huge quantities worldwide, so there would be no need to install new specialist cables.

As demand for data from business and individuals increases this new discovery could help keep broadband prices stable despite an improvement in capacity and speed.

Aston University's Dr Philips said: "This finding could help increase capacity on a single fibre so the world would have a higher performing system.

"The newly developed technology is expected to make a significant contribution to expand the communication capacity of the optical communication infrastructure as future data services rapidly increase demand."

His colleague Professor Wladek Forysiak added: 'This is a 'hero experiment' made possible by a multi-national team effort and very recent technical advances in telecommunications research laboratories from across the world'."

The results of the experiment were accepted as a post-deadline paper at the 47th International Conference on Optical Fiber Communications (OFC 2024) in the USA on 28 March.

To help support some of its work in this area Aston University has received funding from EPSRC (UKRI), the Royal Society (RS Exchange grant with NICT) and the EU (European Training Network).
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The beginnings of fashion | ScienceDaily
A team of researchers led by an archaeologist at the University of Sydney are the first to suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.


						
"Eyed needle tools are an important development in prehistory because they document a transition in the function of clothing from utilitarian to social purposes," says Dr Ian Gilligan, Honorary Associate in the discipline of Archaeology at the University of Sydney.

From stone tools that prepared animal skins for humans to use as thermal insulation, to the advent of bone awls and eyed needles to create fitted and adorned garments, why did we start to dress to express ourselves and to impress others?

Dr Gilligan and his co-authors reinterpret the evidence of recent discoveries in the development of clothing in their new paper, Paleolithic eyed needles and the evolution of dress.

"Why do we wear clothes? We assume that it's part of being human, but once you look at different cultures, you realise that people existed and functioned perfectly adequately in society without clothes," Dr Gilligan says. "What intrigues me is the transition of clothing from being a physical necessity in certain environments, to a social necessity in all environments.

The earliest known eyed needles appeared approximately 40,000 years ago in Siberia. One of the most iconic of Palaeolithic artefacts from the Stone Age, eyed needles are more difficult to make when compared to bone awls, which sufficed for creating fitted clothing. Bone awls are tools made of animal bones that are sharpened to a point. Eyed needles are modified bone awls, with a perforated hole (eye) to facilitate the sewing of sinew or thread.

As evidence suggests bone awls were already being used to create tailored clothes, the innovation of eyed needles may reflect the production of more complex, layered clothing, as well as the adornment of clothes by attaching beads and other small decorative items onto garments.




"We know that clothing up until the last glacial cycle was only used on an ad hoc basis. The classic tools that we associate with that are hide scrapers or stone scrapers, and we find them appearing and going away during the different phases of the last ice ages," Dr Gilligan explains.

Dr Gilligan and his co-authors argue that clothing became an item of decoration because traditional body decoration methods, like body painting with ochre or deliberate scarification, weren't possible during the latter part of the last ice age in colder parts of Eurasia, as people were needing to wear clothes all the time to survive.

"That's why the appearance of eyed needles is particularly important because it signals the use of clothing as decoration," Dr Gilligan says. "Eyed needles would have been especially useful for the very fine sewing that was required to decorate clothing."

Clothing therefore evolved to serve not only a practical necessity for protection and comfort against external elements, but also a social, aesthetic function for individual and cultural identity.

The regular wearing of clothing allowed larger and more complex societies to form, as people could relocate to colder climates while also cooperating with their tribe or community based on shared clothing styles and symbols. The skills associated with the production of clothing contributed to a more sustainable lifestyle and enhanced the long-term survival and prosperity of human communities.

Covering the human body regardless of climate is a social practice that has endured. Dr Gilligan's future work moves beyond the advent of clothing as dress and looks at the psychological functions and effects of wearing clothes.

"We take it for granted we feel comfortable wearing clothes and uncomfortable if we're not wearing clothes in public. But how does wearing clothes impact the way we look at ourselves, the way we see ourselves as humans, and perhaps how we look at the environment around us?"
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Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard | ScienceDaily
Hydrothermal vents are seeps on the sea floor from which hot liquids escape. "Water penetrates into the ocean floor where it is heated by magma. The overheated water then rises back to the sea floor through cracks and fissures. On its way up the fluid become enriched in minerals and materials dissolved out of the oceanic crustal rocks. These fluids often seep out again at the sea floor through tube-like chimneys called black smokers, where metal-rich minerals are then precipitated," explains Prof. Gerhard Bohrmann of MARUM and chief scientist of the MARIA S. MERIAN (MSM 109) expedition.


						
At water depths greater than 3,000 meters, the remote-controlled submersible vehicle MARUM-QUEST took samples from the newly discovered hydrothermal field. Named after Jotul, a giant in Nordic mythology, the field is located on the 500-kilometer-long Knipovich Ridge. The ridge lies within the triangle formed by Greenland, Norway and Svalbard on the boundary of the North American and European tectonic plates. This kind of plate boundary, where two plates move apart, is called a spreading ridge. The Jotul Field is located on an extremely slow spreading ridge with a growth rate of the plates of less than two centimeters per year. Because very little is known about hydrothermal activity on slow spreading ridges, the expedition focused on obtaining an overview of the escaping fluids, as well as the size and composition of active and inactive smokers in the field.

"The Jotul Field is a discovery of scientific interest not only because of its location in the ocean but also due to its climate significance, which was revealed by our detection of very high concentrations of methane in the fluid samples, among other things," reports Gerhard Bohrmann. Methane emissions from hydrothermal vents indicate a vigorous interaction of magma with sediments. On its journey through the water column, a large proportion of the methane is converted into carbon dioxide, which increases the concentration of CO2 in the ocean and contributes to acidification, but it also has an impact on climate when it interacts with the atmosphere. The amount of methane from the Jotul Field that eventually escapes directly into the atmosphere, where it then acts as a greenhouse gas, still needs to be studied in more detail. There is also little known about the organisms living chemosynthetically in the Jotul Field. In the darkness of the deep ocean, where photosynthesis cannot occur, hydrothermal fluids form the basis for chemosynthesis, which is employed by very specific organisms in symbiosis with bacteria.

In order to significantly expand on the somewhat sparse information available on the Jotul Field, a new expedition of the MARIA S. MERIAN will start in late summer of this year under the leadership of Gerhard Bohrmann. The focus of the expedition is the exploration and sampling of as yet unknown areas of the Jotul Field. With extensive data from the Jotul Field it will be possible to make comparisons with the few already known hydrothermal fields in the Arctic province, such as the Aurora Field and Loki's Castle.
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Tiny bright objects discovered at dawn of universe baffle scientists | ScienceDaily
A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.


						
An international team, led by Penn State researchers, using the NIRSpec instrument aboard JWST as part of the RUBIES survey identified three mysterious objects in the early universe, about 600-800 million years after the Big Bang, when the universe was only 5% of its current age. They announced the discovery today (June 27) in Astrophysical Journal Letters.

The team studied spectral measurements, or intensity of different wavelengths of light emitted from the objects. Their analysis found signatures of "old" stars, hundreds of millions of years old, far older than expected in a young universe.

The researchers said they were also surprised to discover signatures of huge supermassive black holes in the same objects, estimating that they are 100 to 1,000 times more massive than the supermassive black hole in our own Milky Way. Neither of these are expected in current models of galaxy growth and supermassive black hole formation, which expect galaxies and their black holes to grow together over billions of years of cosmic history.

"We have confirmed that these appear to be packed with ancient stars -- hundreds of millions of years old -- in a universe that is only 600-800 million years old. Remarkably, these objects hold the record for the earliest signatures of old starlight," said Bingjie Wang, a postdoctoral scholar at Penn State and lead author on the paper. "It was totally unexpected to find old stars in a very young universe. The standard models of cosmology and galaxy formation have been incredibly successful, yet, these luminous objects do not quite fit comfortably into those theories."

The researchers first spotted the massive objects in July of 2022, when the initial dataset was released from JWST. The team published a paper in Nature several months later announcing the objects' existence.

At the time, the researchers suspected the objects were galaxies, but followed up their analysis by taking spectra to better understand the true distances of the objects, as well as the sources powering their immense light.




The researchers then used the new data to draw a clearer picture of what the galaxies looked like and what was inside of them. Not only did the team confirm that the objects were indeed galaxies near the beginning of time, but they also found evidence of surprisingly large supermassive black holes and a surprisingly old population of stars.

"It's very confusing," said Joel Leja, assistant professor of astronomy and astrophysics at Penn State and co-author on both papers. "You can make this uncomfortably fit in our current model of the universe, but only if we evoke some exotic, insanely rapid formation at the beginning of time. This is, without a doubt, the most peculiar and interesting set of objects I've seen in my career."

The JWST is equipped with infrared-sensing instruments capable of detecting light that was emitted by the most ancient stars and galaxies. Essentially, the telescope allows scientists to see back in time roughly 13.5 billion years, near the beginning of the universe as we know it, Leja said.

One challenge to analyzing ancient light is that it can be hard to differentiate between the types of objects that could have emitted the light. In the case of these early objects, they have clear characteristics of both supermassive black holes and old stars. However, Wang explained, it's not yet clear how much of the observed light comes from each -- meaning these could be early galaxies that are unexpectedly old and more massive even than our own Milky Way, forming far earlier than models predict, or they could be more normal-mass galaxies with "overmassive" black holes, roughly 100 to 1,000 times more massive than such a galaxy would have today.

"Distinguishing between light from material falling into a black hole and light emitted from stars in these tiny, distant objects is challenging," Wang said. "That inability to tell the difference in the current dataset leaves ample room for interpretation of these intriguing objects. Honestly, it's thrilling to have so much of this mystery left to figure out."

Aside from their unexplainable mass and age, if part of the light is indeed from supermassive black holes, then they also aren't normal supermassive black holes. They produce far more ultraviolet photons than expected, and similar objects studied with other instruments lack the characteristic signatures of supermassive black holes, such as hot dust and bright X-ray emission. But maybe the most surprising thing, the researchers said, is how massive they seem to be.




"Normally supermassive black holes are paired with galaxies," Leja said. "They grow up together and go through all their major life experiences together. But here, we have a fully formed adult black hole living inside of what should be a baby galaxy. That doesn't really make sense, because these things should grow together, or at least that's what we thought."

The researchers were also perplexed by the incredibly small sizes of these systems, only a few hundred light years across, roughly 1,000 times smaller than our own Milky Way. The stars are approximately as numerous as in our own Milky Way galaxy -- with somewhere between 10 billion and 1 trillion stars -- but contained within a volume 1,000 times smaller than the Milky Way.

Leja explained that if you took the Milky Way and compressed it to the size of the galaxies they found, the nearest star would almost be in our solar system. The supermassive black hole in the center of the Milky Way, about 26,000 light years away, would only be about 26 light years away from Earth and visible in the sky as a giant pillar of light.

"These early galaxies would be so dense with stars -- stars that must have formed in a way we've never seen, under conditions we would never expect during a period in which we'd never expect to see them," Leja said. "And for whatever reason, the universe stopped making objects like these after just a couple of billion years. They are unique to the early universe."

The researchers are hoping to follow up with more observations, which they said could help explain some of the objects' mysteries. They plan to take deeper spectra by pointing the telescope at the objects for prolonged periods of time, which will help disentangle emission from stars and the potential supermassive black hole by identifying the specific absorption signatures that would be present in each.

"There's another way that we could have a breakthrough, and that's just the right idea," Leja said. "We have all these puzzle pieces and they only fit if we ignore the fact that some of them are breaking. This problem is amenable to a stroke of genius that has so far eluded us, all of our collaborators and the entire scientific community."

Wang and Leja received funding from NASA's General Observers program. The research was also supported by the International Space Science Institute in Bern. The work is based in part on observations made with the NASA/ESA/CSA James Webb Space Telescope. Computations for the research were performed on Penn State's Institute for Computational and Data Sciences' Roar supercomputer.

Other co-authors on the paper are Anna de Graaff of the Max-Planck-Institut fur Astronomie in Germany; Gabriel Brammer of the Cosmic Dawn Center and Niels Bohr Institute; Andrea Weibel and Pascal Oesch of the University of Geneva; Nikko Cleri, Michaela Hirschmann, Pieter van Dokkum and Rohan Naidu of Yale University; Ivo Labbe of Stanford University; Jorryt Matthee and Jenny Greene of Princeton University; Ian McConachie and Rachel Bezanson of the University of Pittsburgh; Josephine Baggen of Texas A&M University; Katherine Suess of the Observatoire de Sauverny in Switzerland; David Setton of Massachusetts Institute of Technology's Kavli Institute for Astrophysics and Space Research; Erica Nelson of the University of Colorado; Christina Williams of the U.S. National Science Foundation's National Optical-Infrared Astronomy Research Laboratory and the University of Arizona.
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Soft, stretchy electrode simulates touch sensations using electrical signals | ScienceDaily
A team of researchers led by the University of California San Diego has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device, reported in a paper published in Science Robotics, represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations.


						
The device consists of a soft, stretchable electrode attached to a silicone patch. It can be worn like a sticker on either the fingertip or forearm. The electrode, in direct contact with the skin, is connected to an external power source via wires. By sending a mild electrical current through the skin, the device can produce sensations of either pressure or vibration depending on the signal's frequency.

"Our goal is to create a wearable system that can deliver a wide gamut of touch sensations using electrical signals -- without causing pain for the wearer," said study co-first author Rachel Blau, a nano engineering postdoctoral researcher at the UC San Diego Jacobs School of Engineering.

Existing technologies that recreate a sense of touch through electrical stimulation often induce pain due to the use of rigid metal electrodes, which do not conform well to the skin. The air gaps between these electrodes and the skin can result in painful electrical currents.

To address these issues, Blau and a team of researchers led by Darren Lipomi, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego, developed a soft, stretchy electrode that seamlessly conforms to the skin.

The electrode is made of a new polymer material constructed from the building blocks of two existing polymers: a conductive, rigid polymer known as PEDOT:PSS, and a soft, stretchy polymer known as PPEGMEA. "By optimizing the ratio of these [polymer building blocks], we molecularly engineered a material that is both conductive and stretchable," said Blau.

The polymer electrode is laser-cut into a spring-shaped, concentric design and attached to a silicone substrate. "This design enhances the electrode's stretchability and ensures that the electrical current targets a specific location on the skin, thus providing localized stimulation to prevent any pain," said Abdulhameed Abdal, a Ph.D. student in the Department of Mechanical and Aerospace Engineering at UC San Diego and the study's other co-first author. Abdal and Blau worked on the synthesis and fabrication of the electrode with UC San Diego nano engineering undergraduate students Yi Qie, Anthony Navarro and Jason Chin.




In tests, the electrode device was worn on the forearm by 10 participants. In collaboration with behavioral scientists and psychologists at the University of Amsterdam, the researchers first identified the lowest level of electrical current detectable. They then adjusted the frequency of the electrical stimulation, allowing participants to experience sensations categorized as either pressure or vibration.

"We found that by increasing the frequency, participants felt more vibration rather than pressure," said Abdal. "This is interesting because biophysically, it was never known exactly how current is perceived by the skin."

The new insights could pave the way for the development of advanced haptic devices for applications such as virtual reality, medical prosthetics and wearable technology.

This work was supported by the National Science Foundation Disability and Rehabilitation Engineering program (CBET-2223566). This work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-1542148).
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Wireless receiver blocks interference for better mobile device performance | ScienceDaily
The growing prevalence of high-speed wireless communication devices, from 5G mobile phones to sensors for autonomous vehicles, is leading to increasingly crowded airwaves. This makes the ability to block interfering signals that can hamper device performance an even more important -- and more challenging -- problem.


						
With these and other emerging applications in mind, MIT researchers demonstrated a new millimeter-wave multiple-input-multiple-output (MIMO) wireless receiver architecture that can handle stronger spatial interference than previous designs. MIMO systems have multiple antennas, enabling them to transmit and receive signals from different directions. Their wireless receiver senses and blocks spatial interference at the earliest opportunity, before unwanted signals have been amplified, which improves performance.

Key to this MIMO receiver architecture is a special circuit that can target and cancel out unwanted signals, known as a nonreciprocal phase shifter. By making a novel phase shifter structure that is reconfigurable, low-power, and compact, the researchers show how it can be used to cancel out interference earlier in the receiver chain.

Their receiver can block up to four times more interference than some similar devices. In addition, the interference-blocking components can be switched on and off as needed to conserve energy.

In a mobile phone, such a receiver could help mitigate signal quality issues that can lead to slow and choppy Zoom calling or video streaming.

"There is already a lot of utilization happening in the frequency ranges we are trying to use for new 5G and 6G systems. So, anything new we are trying to add should already have these interference-mitigation systems installed. Here, we've shown that using a nonreciprocal phase shifter in this new architecture gives us better performance. This is quite significant, especially since we are using the same integrated platform as everyone else," says Negar Reiskarimian, the X-Window Consortium Career Development Assistant Professor in the Department of Electrical Engineering and Computer Science (EECS), a member of the Microsystems Technology Laboratories and Research Laboratory of Electronics (RLE), and the senior author of a paper on this receiver.

Reiskarimian wrote the paper with EECS graduate students Shahabeddin Mohin, who is the lead author, Soroush Araei, and Mohammad Barzgari, an RLE postdoc. The work was recently presented at the IEEE Radio Frequency Circuits Symposium and received the Best Student Paper Award.




Blocking interference

Digital MIMO systems have an analog and a digital portion. The analog portion uses antennas to receive signals, which are amplified, down-converted, and passed through an analog-to-digital converter before being processed in the digital domain of the device. In this case, digital beamforming is required to retrieve the desired signal.

But if a strong, interfering signal coming from a different direction hits the receiver at the same time as a desired signal, it can saturate the amplifier so the desired signal is drowned out. Digital MIMOs can filter out unwanted signals, but this filtering occurs later in the receiver chain. If the interference is amplified along with the desired signal, it is more difficult to filter out later.

"The output of the initial low-noise amplifier is the first place you can do this filtering with minimal penalty, so that is exactly what we are doing with our approach," Reiskarimian says.

The researchers built and installed four nonreciprocal phase shifters immediately at the output of the first amplifier in each receiver chain, all connected to the same node. These phase shifters can pass signal in both directions and sense the angle of an incoming interfering signal. The devices can adjust their phase until they cancel out the interference.

The phase of these devices can be precisely tuned, so they can sense and cancel an unwanted signal before it passes to the rest of the receiver, blocking interference before it affects any other parts of the receiver. In addition, the phase shifters can follow signals to continue blocking interference if it changes location.




"If you start getting disconnected or your signal quality goes down, you can turn this on and mitigate that interference on the fly. Because ours is a parallel approach, you can turn it on and off with minimal effect on the performance of the receiver itself," Reiskarimian adds.

A compact device

In addition to making their novel phase shifter architecture tunable, the researchers designed them to use less space on the chip and consume less power than typical nonreciprocal phase shifters.

Once the researchers had done the analysis to show their idea would work, their biggest challenge was translating the theory into a circuit that achieved their performance goals. At the same time, the receiver had to meet strict size restrictions and a tight power budget, or it wouldn't be useful in real-world devices.

In the end, the team demonstrated a compact MIMO architecture on a 3.2-square-millimeter chip that could block signals which were up to four times stronger than what other devices could handle. Simpler than typical designs, their phase shifter architecture is also more energy efficient.

Moving forward, the researchers want to scale up their device to larger systems, as well as enable it to perform in the new frequency ranges utilized by 6G wireless devices. These frequency ranges are prone to powerful interference from satellites. In addition, they would like to adapt nonreciprocal phase shifters to other applications.

This research was supported, in part, by the MIT Center for Integrated Circuits and Systems.
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Ecologists reconstruct the history of biodiversity in the Indo-Australian archipelago and its rise as a hotspot | ScienceDaily
The Coral Triangle, also known as the Indo-Australian Archipelago, is renowned for having the greatest marine biodiversity on our planet. Despite its importance, the detailed evolutionary history of this biodiversity hotspot has remained largely a mystery. An international research team has now shed light on this history, reconstructing how biodiversity in the region has developed over the past 40 million years.


						
This study, co-led by Dr Skye Yunshu TIAN from the University of Bonn, who conducted the major part of the research at The University of Hong Kong (HKU), along with Professor Moriaki YASUHARA from HKU School of Biological Sciences, the Swire Institute of Marine Science (SWIMS) and Institute for Climate and Carbon Neutrality (ICCN), as well as Dr Fabien L. CONDAMINE of Centre National de la Recherche Scientifique (CNRS), has now been published in the journal Nature.

The researchers began their investigation by examining sediment samples from the Indo-Australian Archipelago in the laboratory and identifying the fossils they contained. "We wanted to understand how the marine biodiversity of the Indo-Australian Archipelago evolved and persisted, and what factors were responsible for the disproportionately high diversity in the tropics," said first author Skye Tian.

Their findings revealed that the archipelago had shown an increase in diversification since the early Miocene, around 20 million years ago. Approximately 2.6 million years ago, the number of species approached a plateau. Interestingly, there were no major extinction events during the entire study period. "The increase in diversity was primarily driven by the habitat factor, as tectonic collisions (movements of Earth's plates) in Southeast Asia created extensive areas of shallow marine habitats," Skye noted.

Around 14 million years ago, the region's thermal stress, or excessive heat, began to moderate. "This moderation was crucial for the development of the hotspot," Skye continued. "During the Eocene (56 to 34 million years ago), excessively high tropical temperatures in warm climate zones hindered the increase in diversity. The cooling after that allowed for a more favourable environment for biodiversity to flourish." However, this rich biodiversity could be at risk. "Our palaeobiological results suggest that we could quickly lose the fantastic diversity of the tropical hotspot if the ongoing anthropogenic warming intensifies." Skye added.

Professor Moriaki Yasuhara further elaborated: "This reconstruction of the long-term history of the Coral Triangle diversity hotspot enables us to better understand how diversity hotspot moved from 'Tethys (ancient Mediterranian region)' region to the present place of the Coral Triangle and developed there. These are what we didn't know too clearly before. And also our results tells us why Coral Triangle diversity is much higher than that of the Caribbean Sea, that is probably because the Coral Triangle didn't experience large extinction event by luck."
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Climate change to shift tropical rains northward | ScienceDaily
A study led by a UC Riverside atmospheric scientist predicts that unchecked carbon emissions will force tropical rains to shift northward in the coming decades, which would profoundly impact agriculture and economies near the Earth's equator.


						
The northward rain shift would be caused by complex changes in the atmosphere spurred by carbon emissions that influence the formation of the intertropical convergence zones. Those zones are essentially atmospheric engines that drive about a third of the world's precipitation, Liu and his co-authors report in a paper published Friday, June 28, in the journal Nature Climate Change.

Tropical regions on either side the equator, such as central African nations, northern South America, and Pacific island states, among other regions, would be the most affected. Major crops grown in the tropics include coffee, cocoa, palm oil, bananas, sugarcane, tea, mangoes, and pineapples.

However, the northward shift will last for only about 20 years before greater forces stemming from warming southern oceans pull the convergence zones back southward and keep them there for another millennium, said Wei Liu, an associate professor of climate change and sustainability at UCR's College of Natural and Agricultural Sciences.

Intertropical convergence zones are areas along or near the equator where trade winds from the northern and southern hemispheres meet and shoot upward into the cooler elevations, sucking up great volumes of moisture from the oceans. As this humid air cools at higher elevations, thunderclouds form, allowing for drenching rainstorms. Tropical rainforests can have as much as 14 feet of rain a year.

"The rainfall change is very important," Liu said. "It's a very heavy rainfall region. So, a small shift will cause big changes in agriculture and the economy of the societies. It will affect many regions." Liu and his colleagues used sophisticated computer models to predict the atmospheric influence of carbon dioxide emissions from continued burning of fossil fuels and other sources, Liu said.

"This climate model included many components of the atmosphere, ocean, sea ice, and land. All these components are interacting with each other," he said. "Basically, we try to simulate the real world. In the model, we can increase our carbon dioxide emissions from pre-industrial levels to much higher levels."

The analysis accounted for how carbon emissions influence the amount of radiant energy at the top of atmosphere. It also considered changes in sea ice, water vapor and cloud formation. These and other factors resulted in conditions that push the rain-forming convergence zones northward by as much as 0.2 degrees on average.

The paper's title is "Contrasting fast and slow intertropical convergence zone migrations linked to delayed Southern Ocean warming." Its co-authors are Shouwei Li of UCR; Chao Li of the Max Planck Institute for Meteorology, Hamburg, Germany; Maria Rugenstein of Colorado State University, Fort Collins; and Antony P. Thomas of UCR.
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Creating supranormal hearing in mice | ScienceDaily
A study from Michigan Medicine's Kresge Hearing Research Institute was able to produce supranormal hearing in mice, while also supporting a hypothesis on the cause of hidden hearing loss in humans.


						
The researchers had previously used similar methods -- increasing the amount of the neurotrophic factor neurotrophin-3 in the inner ear -- to promote the recovery of auditory responses in mice that had experienced acoustic trauma, and to improve hearing in middle-aged mice.

This study is the first to use the same approach in otherwise healthy young mice to create improved auditory processing, beyond what's naturally occurring.

"We knew that providing Ntf3 to the inner ear in young mice increased the number of synapses between inner hair cells and auditory neurons, but we did not know what having more synapses would do to hearing," said Gabriel Corfas, Ph.D., director of the Kresge Institute, who led the research team.

"We now show that animals with extra inner ear synapses have normal thresholds -- what an audiologist would define as normal hearing -- but they can process the auditory information in supranormal ways."

The resulting paper, "From hidden hearing loss to supranormal auditory processing by neurotrophin 3-mediated modulation of inner hair cell synapse density," was published in PLOS Biology.

About the paper 

As in previous studies, the researchers altered the expression of the Ntf3 to increase the number of synapses between inner hair cells and neurons.




Inner hair cells exist inside the cochlea and convert sound waves into signals sent -- via those synapses -- to the brain.

This time, however, two groups of young mice were created and studied: one in which synapses were reduced, and a second -- the supranormal hearing mice -- in which synapses were increased.

"Previously, we have used that same molecule to regenerate synapses lost due to noise exposure in young mice, and to improve hearing in middle-aged mice, when they already start showing signs of age-related hearing loss," said Corfas.

"This suggests that this molecule has the potential to improve hearing in humans in similar situations. The new results indicate the regenerating synapses or increasing their numbers will improve their auditory processing."

Both groups of mice underwent a Gap-Prepulse Inhibition test, which measures their ability to detect very brief auditory stimuli.

For this test, the subject is placed in a chamber with a background noise, then a loud tone that startles the mouse is presented alone or preceded by a very brief silent gap.




That gap, when detected by the mouse, reduces the startle response. Researchers then determine how long the silent gap needs to be for the mice to detect it.

Mice with fewer synapses required a much longer silent gap. That result supports a hypothesis about the relationship between synapse density and hidden hearing loss in humans.

Hidden hearing loss describes a difficulty in hearing that cannot be detected by standard testing.

People with hidden hearing loss may struggle to understand speech -- or discern sounds in the presence of background noise. And results of the Gap-Prepulse Inhibition test had been previously shown to be correlated with auditory processing in humans.

A surprising find

Less expected, however, were the results of the subjects with increased synapses.

Not only did they show enhanced peaks in measured Acoustic Brain Stem response, but the mice also performed better on the Gap-Prepulse Inhibition test, suggesting an ability to process an increased amount of auditory information.

"We were surprised to find that when we increased the number of synapses, the brain was able to process the extra auditory information. And those subjects performed better than the control mice in the behavioral test," Corfas said.

Hair cell loss had once been believed to be the primary cause of hearing loss in humans as we age.

Now, however, it's understood that the loss of inner hair cell synapses can be the first event in the hearing loss process, making therapies that preserve, regenerate and/or increase synapses exciting possible approaches for treating some hearing disorders.

"Some neurodegenerative disorders also start with loss of synapses in the brain," Corfas said.

"Therefore, the lessons from the studies in the inner ear could help in finding new therapies for some of these devastating diseases."
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Too many missing satellite galaxies found | ScienceDaily
For years, astronomers have worried about how to explain why the Milky Way has fewer satellite galaxies than the standard dark matter model predicts. This is called the "missing satellites problem." In order to bring us closer to solving this problem, an international team of researchers used data from the Hyper Suprime-Cam (HSC) Subaru Strategic Program (SSP) to discover two completely new satellite galaxies.


						
These results were published in the Publications of the Astronomical Society of Japan on June 8, 2024 by a team of researchers from Japan, Taiwan, and America.

We live in a galaxy called The Milky Way, which has other, smaller galaxies orbiting it called satellite galaxies. Studying these satellite galaxies can help researchers unravel mysteries surrounding dark matter, and better understand how galaxies evolve over time.

"How many satellite galaxies does the Milky Way have? This has been an important question for astronomers for decades," remarks Masahi Chiba, a professor at Tohoku University.

The research team recognized the possibility that there are likely many undiscovered, small satellite galaxies (dwarf galaxies) which are far away and difficult to detect. The powerful ability of the Subaru telescope -- which sits atop an isolated mountain above the clouds in Hawaii -- is well-suited to find these galaxies. In fact, this research team previously found three new dwarf galaxies using the Subaru telescope.

Now, the team has discovered an additional two new dwarf galaxies (Virgo III and Sextans II). With this discovery, a total of nine satellite galaxies have been found overall by different research teams. This is still much fewer than the 220 satellite galaxies predicted by the standard theory of dark matter.

However, the footprint of the HSC-SSP does not cover the entire Milky Way. If the distribution of those nine satellite galaxies across the entire Mily Way is similar to what was found in the footprint captured by the HSC-SSP, the research team calculates that there actually may be closer to 500 satellite galaxies. Now, we are faced with a "too many satellites problem," rather than a "missing satellites problem."

To better characterize the actual amount of satellite galaxies, more high-resolution imaging and analysis is required. "The next step is to use a more powerful telescope that captures a wider view of the sky," explains Chiba, "Next year, the Vera C. Rubin Observatory in Chile will be used to fulfill that purpose. I hope that many new satellite galaxies will be discovered.
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New class of Mars quakes reveals daily meteorite strikes | ScienceDaily
An international team of researchers, co-lead by ETH Zurich and Imperial College London, have derived the first estimate of global meteorite impacts on Mars using seismic data. Their findings indicate between 280 to 360 meteorites strike the planet each year forming impact craters greater than 8 metres (about 26 feet) across. Geraldine Zenhaeusern who co-led the study commented, "This rate was about five times higher than the number estimated from orbital imagery alone. Aligned with orbital imagery, our findings demonstrate that seismology is an excellent tool for measuring impact rates."


						
Seismic "chirp" signals new class of quakes

Using data from the seismometer deployed during the NASA InSight Mission to Mars, researchers found that 6 seismic events recorded in the near proximity of the station had been previously identified as meteoric impacts (Garcia et al., 2023) -- a process enabled by the recording of a specific acoustic atmospheric signal generated when meteorites enter the Martian atmosphere. Now, Zenhausern, ETH Zurich, co-lead, Natalia Wojcicka, Imperial College London, and the research team have found that these 6 seismic events belong to a much larger group of marsquakes, so called very high frequency (VF) events. The source process of these quakes occurs much faster than for a tectonic marsquake of similar size. Where a normal magnitude 3-quake on Mars takes several seconds, an impact-generated event of the same size takes only 0.2 seconds or less, due to the hypervelocity of the collision. By analysing marsquake spectra, a further 80 marsquakes were identified that are now thought to be caused by meteoroid strikes.

Their research quest began in December 2021, a year before accumulated dust on the solar panels put an end to the InSight mission, when a large distant quake recorded by the seismometer reverberated a broadband seismic signal throughout the planet. Remote sensing associated the quake with a 150-metre-wide crater. To confirm, the InSight team partnered with Mars Reconnaissance Orbiter (MRO) Context Camera (CTX) to search for other fresh craters that would match the timing and location of the seismic events detected by InSight. The teams' detective work paid off and they were lucky to find a second fresh crater over a 100-metres (320 feet) in diameter. Smaller craters, however, formed when basketball-sized meteoroids strike the planet and which should be far more common, remained elusive. Now, the number of meteorite strikes is newly estimated by the occurrence of these special high-frequency quakes.

First meteorite impact rate from seismic data 

Approximately 17,000 meteorites fall to Earth each year, but unless they streak across the night's sky, they are rarely noticed. Most meteors disintegrate as they enter Earth's atmosphere, but on Mars the atmosphere is 100 times thinner leaving its surface exposed to larger and more frequent meteorite strikes.

Until now, planetary scientists have relied on orbital images and models inferred from well-preserved meteorite impacts on the Moon but extrapolating these estimates to Mars proved challenging. Scientists had to account for the stronger gravitational pull of Mars and its proximity to the asteroid belt, which both mean that more meteorites hit the red planet. On the other hand, regular sandstorms result in craters that are much less well-preserved than those on the Moon, and, therefore, not as easily detected with orbital imagery. When a meteorite strikes the planet, the seismic waves of the impact travel through the crust and mantle and can be picked up by seismometers.




Wojcicka explains, "We estimated crater diameters from the magnitude of all the VF-marsquakes and their distances, then used it to calculate how many craters formed around the InSight lander over the course of a year. We then extrapolated this data to estimate the number of impacts that happen annually on the whole surface of Mars."

Zenhausern adds, "While new craters can best be seen on flat and dusty terrain where they really stand out, this typ of terrain covers less than half of the surface of Mars. The sensitive InSight seismometer, however, could hear every single impact within the landers' range."

Insight into Mars age and future missions

Much like the lines and wrinkles on our face, the size and density of craters from meteorite strikes reveal clues about the age of different regions of a planetary body. The less craters, the younger the region of the planet. Venus, for example, has almost no visible craters because its surface is continually reworked by volcanism, while Mercury and the Moon with their ancient surfaces are heavily cratered. Mars falls in between these examples, with some old and some young regions that can be distinguished by the number of craters.

New data shows, an 8-metre (26-feet) crater happens somewhere on the surface of Mars nearly every day and a 30-metre (98-feet) crater occurs about once a month. Since hypervelocity impacts cause blast zones that are easily 100 times larger in diameter than the crater, knowing the exact number of impacts is important for the safety of robotic, but also future human missions to the red planet.

"This is the first paper of its kind to determine how often meteorites impact the surface of Mars from seismological data -- which was a level one mission goal of the Mars InSight Mission," says Domenico Giardini, Professor of Seismology and Geodynamics at ETH Zurich and co-Principal Investigator for the NASA Mars InSight Mission. "Such data factors into the planning for future missions to Mars."

According to Zenhausern and Wojcicka, the next steps in advancing this research involve the use of machine learning technologies to aid researchers in identifying further craters in satellite images and identifying seismic events in the data.
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Analysis suggests 2021 Texas abortion ban resulted in increase in infant deaths in state in year after law went into effect | ScienceDaily
A study led by Johns Hopkins Bloomberg School of Public Health researchers estimates that infant deaths in Texas increased more than expected in the year following the state's 2021 ban on abortion in early pregnancy, especially among infants with congenital anomalies.


						
The Texas law prohibiting abortions after a fetal heartbeat could be detected -- as early as five or six weeks -- went into effect September 1, 2021. At the time, the law -- Senate Bill 8, or S.B. 8 -- was the most stringent state abortion law in the country. It did not allow exemptions for congenital anomalies.

The researchers' analysis of monthly death certificate data in Texas and the rest of the United States found that between 2021 and 2022, infant deaths in Texas rose from 1,985 to 2,240, a year-over-year increase of 255 deaths. This corresponds to a 12.9 percent increase in infant deaths in Texas versus a 1.8 percent increase in infant deaths in the rest of the U.S. during the same period. The study defines infants as under 12 months old.

The study was published online June 24 in JAMA Pediatrics.

The findings come as more U.S. states enact stricter abortion laws following the U.S. Supreme Court's 2022 Dobbs decision, the landmark ruling that overturned Roe v. Wade and returned abortion policymaking to the states.

To approximate the causal impact of S.B. 8, the authors narrowed their analysis to examine changes in the expected number of infant deaths in Texas from March to December 2022 -- the time period that captures the first set of pregnancies under S.B. 8. The researchers estimate there were 216 excess infant deaths in Texas that would most likely not have occurred from March to December 2022 had the state's abortion law not been in place. This is equivalent to a 12.7 percent increase above the expected 1,697 infant deaths for this time period. There were 1,913 observed deaths in Texas from March to December 2022.

An analysis of neonatal deaths -- deaths in the first 28 days -- found similar patterns, with an estimated 145 excess deaths in the post-policy period. These results were not observed in other states.




The new study is thought to be the first to examine how the Texas abortion ban may have impacted infant deaths in the state and is among the first to present evidence evaluating recent abortion bans and pre-viability restrictions. Prior research has shown that states with more abortion restrictions see more infant deaths than those without. The authors note that these earlier studies evaluate fundamentally different and less severe abortion restrictions and primarily examine correlation.

"Our study is particularly relevant given the June 2022 Dobbs Supreme Court decision that returned abortion lawmaking to states and subsequent rollbacks of reproductive rights in many states," says Alison Gemmill, PhD, assistant professor in the Bloomberg School's Department of Population, Family and Reproductive Health and one of the study's lead authors. "These findings suggest that restrictive abortion policies may have important unintended consequences in terms of infant health and the associated trauma to families and medical costs."

For their month-by-month causal analysis, the researchers drew from infant death certificates in Texas and 28 comparison states from 2018 through 2022. They excluded the District of Columbia and several states that had fewer than 10 infant deaths in any month from 2018 to 2022, as the exact counts are not provided in currently publicly available data. The researchers selected March 2022 as the first cohort exposed to the Texas abortion policy because these infants, if born full term, would have been approximately 10 to 14 weeks gestation when the Texas law went into effect in September 2021. Before S.B. 8's enactment, people would have been able to seek termination in the event a fetal issue was detected during screening prior to 20 weeks gestation.

In an analysis of cause of death using all 2021 and 2022 death certificate data, the researchers found that Texas had atypical increases in infant deaths due to congenital anomalies, the leading cause of infant death. Infant deaths attributable to congenital anomalies increased 22.9 percent in Texas between 2021 and 2022 versus a decrease of 3.1 percent in the rest of the U.S. during the same period. Another divergent cause of death pattern in Texas was infant deaths from accidents, which increased by 21 percent in Texas versus a one percent increase in the rest of the U.S.

"Our results suggest that restrictive abortion policies that limit pregnant people's ability to terminate pregnancies, particularly those with fetal abnormalities diagnosed later in pregnancy, may lead to increases in infant mortality," says Suzanne Bell, PhD, MPH, assistant professor in the Bloomberg School's Department of Population, Family and Reproductive Health and one of the study's lead authors. "These findings make clear the potentially devastating consequences abortion bans can have on pregnant people and families who are unable to overcome barriers to this essential reproductive health service."

The authors note that the data did not include maternal and clinical characteristics of infant deaths, thus limiting the authors' ability to explore potential mechanisms behind these findings.

The researchers are currently studying the impact across socioeconomic groups that abortion bans have on live births and infant mortality in Texas and other states that banned abortion following Dobbs.

This study was supported by the Hopkins Population Center from the National Institute of Child Health and Human Development (P2CHD042854).
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Light-controlled artificial maple seeds could monitor the environment even in hard-to-reach locations | ScienceDaily
Researchers from Tampere University, Finland, and the University of Pittsburgh, USA, have developed a tiny robot replicating the aerial dance of falling maple seeds. In the future, this robot could be used for real-time environmental monitoring or delivery of small samples even in inaccessible terrain such as deserts, mountains or cliffs, or the open sea. This technology could be a game changer for fields such as search-and-rescue, endangered species studies, or infrastructure monitoring.


						
At Tampere University, Professor Hao Zeng and Doctoral Researcher Jianfeng Yang workat the interface between physics, soft mechanics, and material engineering in their Light Robots research group. They have drawn inspiration from nature todesign polymeric gliding structures that can be controlled using light.

Now, Zeng and Yang, with Professor M. Ravi Shankar,from the University of Pittsburgh Swanson School of Engineering, utilized a light-activated smart material to control the gliding mode of an artificial maple seed. In nature, maple disperse to new growth sites with the help of flying wings in their samara, or dry fruit. The wings help the seed to rotate as it falls, allowing it to glide in a gentle breeze. The configuration of these wings defines their glide path.

According to the researchers, the artificial maple seed can be actively controlled using light, where its dispersal in the wind can be actively tuned to achieve a range of gliding trajectories. In the future, it can also be equipped with various microsensors for environmental monitoring or be used to deliver, for example, small samples of soil.

Hi-tech robot beats natural seed in adaptability

The researchers were inspired by the variety of gliding seeds of Finnish trees, each exhibiting a unique and mesmerizing flight pattern. Their fundamental question was whether the structure of these seeds could be recreated using artificial materials to achieve a similar airborne elegance controlled by light.

"The tiny light-controlled robots are designed to be released into the atmosphere, utilizing passive flight to disperse widely through interactions with surrounding airflows. Equipped with GPS and various sensors, they can provide real-time monitoring of local environmental indicators like pH levels and heavy metal concentrations" explains Yang.




Inspired by natural maple samara, the team created azobenzene-based light-deformable liquid crystal elastomer that achieves reversible photochemical deformation to finely tune the aerodynamic properties.

"The artificial maple seeds outperform their natural counterparts in adjustable terminal velocity, rotation rate, and hovering positions, enhancing wind-assisted long-distance travel through self-rotation," says Zeng.

In the beginning of 2023 Zeng and Yang released their first, dandelion seed like mini robot within the projectFlying Aero-robots based on Light Responsive Materials Assembly -- FAIRY. The project, funded by the Research Council of Finland, started in September 2021, and will continue until August 2026.

"Whether it is seeds or bacteria or insects, nature provides them with clever templates to move, feed and reproduce. Often this comes via a simple, but remarkably functional, mechanical design," Shankar explains.

"Thanks to advances in materials that are photosensitive, we are able to dictate mechanical behavior at almost the molecular level. We now have the potential to create micro robots, drones, and probes that can not only reach inaccessible areas but also relay critical information to the user. This could be a game changer for fields such as search-and-rescue, endangered or invasive species studies, or infrastructure monitoring," he adds.
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Projected loss of brown macroalgae and seagrasses with global environmental change | ScienceDaily
Researchers predict that climate change will drive a substantial redistribution of brown seaweeds and seagrasses at the global scale. The projected changes are alarming due to the fundamental role seaweeds and seagrasses in coastal ecosystems and provide evidence of the pervasive impacts of climate change on marine life.


						
In a collaborative study between the University of Helsinki and the EU Joint Research Centre, researchers for the first time, have modelled the future distribution of brown seaweeds and seagrasses at the global scale. They predict that by 2100 climate change will drive a substantial redistribution of both groups globally: Their local diversity will decline by 3-4% on average and their current distribution will shrink by 5-6%. More notably, the preferred habitat for both brown seaweeds and seagrasses will undergo a substantial global reduction (78-96%) and will shift among marine regions, with potential expansions into Arctic and Antarctic regions.

"We find it alarming that coastal areas worldwide will become dramatically less hospitable for habitat-forming macrophytes, as this might have severe and widespread impacts on coastal ecosystem functioning at the global scale. Interestingly, while global percentual declines in diversity show similar trends for seagrasses and brown macroalgae, the regional patterns are strikingly different between the two groups." says Federica Manca the lead author of the study from the University of Helsinki.

Why should we care about seaweeds and seagrasses?

Brown seaweeds and seagrasses provide important ecological and socio-economic services in coastal areas worldwide: they support coastal biodiversity and fisheries, ensure coastal protection, participate in ocean nutrient recycling, contribute to carbon sequestration and climate change mitigation.

As climate change is severely threatening macrophyte habitats and the services they provide, we urgently need to understand how both brown seaweeds and seagrasses will respond to changing climatic conditions in the coming decades.

While previous studies have modelled the future distribution of these habitat-forming macrophytes focusing on regional or local scales only and on a limited number of species. In contrastthis study is the first to provide a comprehensive view of the effects climate change on more than 200 species of brown seasweeds and seagrasses at the global scale.




The results show that the redistribution of these habitat-forming marine macrophytes will be geographically heterogeneous, and highlights the regions where the loss of macrophyte diversity and habitat will be most severe, such as the Pacific coast of South America for brown seaweeds, and the coast of Australia for seagrasses. Additionally, researchers identified macrophyte species that will be more severely affected by climate change, like the Atlantic seaweed Laminaria digitata. The findings can help identify target areas and species for conservation, potentially buffering the impact of climate change.

Surprisingly, and contrary to our expectations, our models did not predict severe losses of brown seaweed or seagrass diversity in the tropics but rather at intermediate and high latitudes, such as along the Atlantic coasts of Europe and in the Baltic Sea. This indicatshat end-of-century climatic conditions in these regions might exceed the tolerance limits of resident macrophyte species. The Baltic Sea is at the forefront in the rate at which climate change is influencing the ecosystem.

"Combined with a legacy of multiple other disturbances (such as eutrophication) and low species diversity with only a few brown aseaweeds and seagrasses, the Baltic Sea is exceptionally vulnerable to these predicted changes." says Alf Norkko, professor at the Tvarminne Zoological Station, University of Helsinki.

"Another surprising -- and alarming -- result is the dramatic loss of highly suitable habitat for both macroalgae and seagrasses globally: Coastal areas worldwide will become substantially less hospitable for habitat-forming macrophytes," adds Dr. Mar Cabeza from the Global Change and Conservation Group at the University of Helsinki.

The disappearance of these habitat-forming macrophytes can trigger cascading effects on other species, compromising the integrity of entire ecosystems and undermining ecological and socio-economic services important to human society. Thus, forecasting changes in the distribution of habitat-forming species is crucial to raise awareness of climate change impacts and foster conservation efforts accordingly.

"Our findings confirm, once again, that climate change might have profound impacts on ecosystems, promoting rapid and, most often, detrimental changes to the diversity and resilience of natural communities. In fact, habitat-forming macrophytes support biodiversity through an exceptional diversity of ecological interactions. Hence, their projected loss and redistribution might lead to unpredictable cascading effects, most likely resulting in the local extinction of many associated species.," says Giovanni Strona from the EU Joint Research Centre.
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The density difference of sub-Neptunes finally deciphered | ScienceDaily
The majority of stars in our galaxy are home to planets. The most abundant are the sub-Neptunes, planets between the size of Earth and Neptune. Calculating their density poses a problem for scientists: depending on the method used to measure their mass, two populations are highlighted, the dense and the less dense. Is this due to an observational bias or the physical existence of two distinct populations of sub-Neptunes? Recent work by the NCCR PlanetS, the University of Geneva (UNIGE) and the University of Bern (UNIBE) argues for the latter. Find out more in the journal Astronomy & Astrophysics.


						
Exoplanets are abundant in our galaxy. The most common are those between the radius of the Earth (around 6,400 km) and Neptune (around 25,000 km), known as ''sub-Neptunes''. It is estimated that 30% to 50% of sun-like stars contain at least one of these.

Calculating the density of these planets is a scientific challenge. To estimate their density, we must first measure their mass and radius. Problem: planets whose mass is measured by the TTV (Transit-Timing Variation) method are less dense than planets whose mass has been measured by the radial velocity method, the other possible measurement method.

''The TTV method involves measuring variations in transit timing. Gravitational interactions between planets in the same system will slightly modify the moment at which the planets pass in front of their star,'' explains Jean-Baptiste Delisle, scientific collaborator in the Astronomy Department of the UNIGE Faculty of Science and co-author of the study. ''The radial velocity method, on the other hand, involves measuring the variations in the star's velocity induced by the presence of the planet around it''.

Eliminating any bias

An international team led by scientists from NCCR PlanetS, UNIGE and UNIBE has published a study explaining this phenomenon. It is due not to selection or observational biases, but to physical reasons. ''The majority of systems measured by the TTV method are in resonance,'' explains Adrien Leleu, assistant professor in the Astronomy Department of the UNIGE Faculty of Science and principal author of the study.

Two planets are in resonance when the ratio between their orbital periods is a rational number. For example, when a planet makes two orbits around its star, another planet makes exactly one. If several planets are in resonance, it forms a chain of Laplace resonances. ''We therefore wondered whether there was an intrinsic connection between density and the resonant orbital configuration of a planetary system,'' continues the researcher.




To establish the link between density and resonance, astronomers first had to rule out any bias in the data by rigorously selecting planetary systems for statistical analysis. For example, a large, low-mass planet detected in transit requires more time to be detected in radial velocities. This increases the risk of observations being interrupted before the planet is visible in the radial velocity data, and therefore before its mass is estimated.

''This selection process would lead to a bias in the literature in favor of higher masses and densities for planets characterized with the radial velocity method. As we have no measurement of their masses, the less dense planets would be excluded from our analyses,'' explains Adrien Leleu.

Once this data cleaning had been carried out, the astronomers were able to determine, using statistical tests, that the density of sub-Neptunes is lower in resonant systems than their counterparts in non-resonant systems, regardless of the method used to determine their mass.

A question of resonance

The scientists suggest several possible explanations for this link, including the processes involved in the formation of planetary systems. The study's main hypothesis is that all planetary systems converge towards a resonance chain state in the first few moments of their existence, but only 5% remain stable. The other 95% become unstable. The resonance chain then breaks down, generating a series of ''catastrophes'', such as collisions between planets. The planets fuse together, increasing their density and then stabilizing in non-resonant orbits.

This process generates two very distinct populations of Sub-Neptunes: dense and less dense. ''The numerical models of planetary system formation and evolution that we have developed at Bern over the last two decades reproduce exactly this trend: planets in resonance are less dense. This study, moreover, confirms that most planetary systems have been the site of giant collisions, similar or even more violent than the one that gave rise to our Moon,'' concludes Yann Alibert, professor at UNIBE's Space Research and Planetary Sciences Division (WP) and co-director of the Center for Space and Habitability and co-author of the study.
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Antarctic ice shelves hold twice as much meltwater as previously thought | ScienceDaily
Slush -- water-soaked snow -- makes up more than half of all meltwater on the Antarctic ice shelves during the height of summer, yet is poorly accounted for in regional climate models.


						
Researchers led by the University of Cambridge used artificial intelligence techniques to map slush on Antarctic ice shelves, and found that 57% of all meltwater is held in the form of slush, with the remaining amount in surface ponds and lakes.

As the climate warms, more meltwater is formed on the surface of ice shelves, the floating ice surrounding Antarctica which acts as a buttress against glacier ice from inland. Increased meltwater can lead to ice shelf instability or collapse, which in turn leads to sea level rise.

The researchers also found that slush and pooled meltwater leads to 2.8 times more meltwater formation than predicted by standard climate models, since it absorbs more heat from the sun than ice or snow. The results, reported in the journal Nature Geoscience, could have profound implications for ice shelf stability and sea level rise.

Each summer as the weather warms, water pools on the surfaces of Antarctica's floating ice shelves. Previous research has shown that surface meltwater lakes can contribute to ice shelf fracture and collapse, as the weight of the water can cause the ice to bend or break. However, the role of slush in ice shelf stability is more difficult to determine.

"We can use satellite imagery to map meltwater lakes across much of Antarctica, but it's hard to map slush, because it looks like other things, such as shadows from clouds, when viewed from a satellite," said lead author Dr Rebecca Dell from Cambridge's Scott Polar Research Institute (SPRI). "But using machine learning techniques, we can go beyond what the human eye can see and get a clearer picture of how slush might be affecting ice in Antarctica."

Using optical data from NASA's Landsat 8 satellite, the Cambridge researchers, working with researchers from the University of Colorado Boulder and the Delft University of Technology, trained a machine learning model to obtain monthly records of slush and meltwater lakes across 57 Antarctic ice shelves between 2013 and 2021.




"Machine learning allows us to use more information from the satellite, since it can work with more wavelengths of light than the human eye can see," said Dell. "This allows us to determine what is and isn't slush, and then we can train the machine learning model to quickly identify it across the whole continent."

"We're interested in learning how much slush is present during the Antarctic summer, and how it's changed over time," said co-author Professor Ian Willis, also from SPRI.

Using their machine learning model, the researchers found that in the peak of the Antarctic summer in January, over half (57%) of all meltwater on Antarctica's ice shelves is held in slush, with the remaining 43% in meltwater lakes.

"This slush has never been mapped on a large scale across all of Antarctica's large ice shelves, so over half of all surface meltwater has been ignored until now," said Dell. "This is potentially significant for the hydrofracture process, where the weight of meltwater can create or enlarge fractures in the ice."

Meltwater affects the stability of the floating ice shelves that fringe the Antarctic coastline. As the climate warms and melt rates in Antarctica increase, meltwater -- whether in the form of lakes or slush -- can get into cracks on the ice, causing the cracks to get bigger. This can cause fractures in the ice shelf, and could cause vulnerable ice shelves to collapse, which in turn would allow inland glacier ice to spill into the ocean and contribute to sea level rise.

"Since slush is more solid than meltwater, it won't cause hydrofracture in the same way that water from a lake does, but it's definitely something we need to consider when attempting to predict how or whether ice shelves will collapse," said Willis.




In addition to the potential implications of slush on hydrofracture, it also has a large effect on melt rates. Since slush and lakes are less white than snow or ice, they absorb more heat from the sun, causing more snowmelt. This extra melt is currently unaccounted for in climate models, which may lead to underestimates in projections of ice sheet melting and ice shelf stability.

"I was surprised that this meltwater was so poorly accounted for in climate models," said Dell. "Our job as scientists is to reduce uncertainty, so we always want to improve our models so they are as accurate as possible."

"In future, it's likely that places in Antarctica that currently don't have any water or slush will start to change," said Willis. "As the climate continues to warm, more melting will occur, which could have implications for ice stability and sea level rise."

The research was supported in part by the European Space Agency and the Natural Environment Research Council (NERC), part of UK Research and Innovation (UKRI). Rebecca Dell is a Fellow of Trinity Hall, Cambridge.
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Ammonites' fate sealed by meteor strike that wiped out dinosaurs | ScienceDaily
Ammonites were not in decline before their extinction, scientists have found.


						
The marine molluscs with coiled shells and one of palaeontology's great icons flourished in Earth's oceans for more than 350 million years until they died out during the same chance event that wiped out the dinosaurs 66 million years ago.

Some palaeontologists have argued that their demise was inevitable and that ammonite diversity was decreasing long before they went extinct at the end of the Cretaceous.

However new research, published today in Nature Communications and led by palaeontologists at the University of Bristol, shows that their fate was not set in stone. Instead, the final chapter in ammonite evolutionary history is more complex.

"Understanding how and why biodiversity has changed through time is very challenging," said lead author Dr Joseph Flannery-Sutherland. "The fossil record tells us some of the story, but it is often an unreliable narrator. Patterns of diversity can just reflect patterns of sampling, essentially where and when we have found new fossil species, rather than actual biological history.

"Analysing the existing Late Cretaceous ammonite fossil record as though it were the complete, global story is probably why previous researchers have thought they were in long-term ecological decline."

To overcome this issue, the team assembled a new database of Late Cretaceous ammonite fossils to help fill in the sampling gaps in their record. "We drew on museum collections to provide new sources of specimens rather than just relying on what had already been published," said co-author Cameron Crossan, a 2023 graduate of the University of Bristol's Palaeobiology MSc programme. "This way we could be sure that we were getting a more accurate picture of their biodiversity prior to their total extinction."

Using their database, the team then analysed how ammonite speciation and extinction rates varied in different parts of the globe. If ammonites were in decline through the Late Cretaceous, then their extinction rates would have been generally higher than their speciation rates wherever the team looked. What the team instead found was that the balance of speciation and extinction changed both through geological time and between different geographic regions.




"These differences in ammonoid diversification around the world is a crucial part of why their Late Cretaceous story has been misunderstood," said senior author Dr James Witts of the Natural History Museum, London. "Their fossil record in parts of North America is very well sampled, but if you looked at this alone then you might think that they were struggling, while they were actually flourishing in other regions. Their extinction really was a chance event and not an inevitable outcome."

To find out what was responsible for the continued success of ammonites through the Late Cretaceous, the team looked at potential factors might have caused their diversity to change through time. They were particularly interested in whether their speciation and extinction rates were driven mainly by environmental conditions like ocean temperature and sea level (the Court Jester Hypothesis), or by biological processes like pressure from predators and competition between ammonites themselves (the Red Queen Hypothesis).

"What we found was that the causes of ammonite speciation and extinction were as geographically varied as the rates themselves," said co-author Dr Corinne Myers of the University of New Mexico. "You couldn't just look at their total fossil record and say that their diversity was driven entirely by changing temperature, for example. It was more complex than that and depended on where in the world they were living."

"Palaeontologists are frequently fans of silver bullet narratives for what drove changes in a group's fossil diversity, but our work shows that things are not always so straightforward," Dr Flannery Sutherland concluded. "We can't necessarily trust global fossil datasets and need to analyse them at regional scales. This way we can capture a much more nuanced picture of how diversity changed across space and through time, which also shows how variation in the balance of Red Queen versus Court Jester effects shaped these changes."
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New mathematical model sheds light on the absence of breastfeeding in male mammals | ScienceDaily
Being nursed by a single parent could be an evolutionary strategy to curb the spread of harmful microbes in mammals, according to a novel theory developed by mathematicians.


						
The rainforests of Malaysia are home to the only known case of a wild male mammal that produces milk. The Dayak fruit bat is a vanishingly rare case of male milk production, despite the fact that the potential for breastfeeding remains in place in most male mammals.

In the 1970s, evolutionary theorists posited that the near absence of lactation in males, even though offspring could benefit from the extra nutrition provided, could be attributed to the uncertainty of paternity: As male mammals can't be sure they are the biological father, this reduces their evolutionary drive to invest heavily in offspring care, including breastfeeding.

Now, mathematicians from the University of York have suggested a complementary perspective. Their hypothesis, published in Nature Communications, suggests that the reason male mammals don't breastfeed might be driven by the rich community of microbes that lives in breast milk and which plays an important part in establishing the gut microbiome of the infant.

The theory demonstrates how the transmission of the milk microbiome from both parents would allow harmful microbes to spread through mammalian populations. Maternal-only lactation stops this as restricting transmission of the milk microbiome to females in effect acts as a sieve, retaining just the microbes with beneficial effects.

One of the authors of the study, Dr George Constable from the Department of Mathematics at the University of York, said: "We became fascinated with this topic when we read about Azara's owl monkeys. They turn previous assumptions about why males don't breastfeed upside down because they are the most devoted dads in the primate world: They do 80-90% of childcare and only hand their babies back to their female partners for nursing.

"When both parents are involved in feeding, the chance of a microbe being passed along and getting an initial foothold in a population is essentially doubled. So our theory suggests selection against the transmission of harmful microbes through mammary milk could be an additional selection pressure against male lactation."

First author of the study, Dr Brennen Fagan working at the Leverhulme Centre for Anthropocene Biodiversity and the Mathematics Department at the University of York, added: "Breast milk is a living substance and it plays a key role in establishing the gut microbiome of mammals, which is a complex ecosystem of bacteria, viruses and fungi, along with their genetic material. This ecosystem plays a crucial role in health including by helping to protect animals against disease, helping to digest food and in many other ways we are only just discovering.




"While microbes are not inherently harmful or beneficial; it's their presence and abundance that dictate the overall health of this internal community. A "wrong actor" at the early point of an animal's life could change the microbiome at a pivotal moment."

The mathematical model highlights the advantage of getting fed by just one parent, but the researchers say it makes evolutionary sense for this to be the mother because there has already been an inevitable transmission of microbes during birth and perhaps also in the womb.

Dr Constable added: "This theory fits with a pattern of strategies mammals have adopted in an evolutionary bid to limit the spread of potentially harmful elements. Notably, in humans mitochondrial DNA is exclusively passed down from the mother. This mechanism serves as a natural filter, maintaining genetic integrity by suppressing the proliferation of detrimental mutations. Additionally, the prevalence of monogamous relationships among certain species has been suggested as an adaptive response aimed at minimising the transmission of sexually transmitted infections (STIs)."

The researchers caution that their hypothesis is not intended as the basis for any judgements about the different ways of feeding human infants.

Dr Fagan added: "Our model is very much focused on the long-term evolution of the animal kingdom. The model does not tell us about individual families making individual choices on how to safely feed their children, especially not for humans in the modern world.

"Our hypothesis fills a gap in evolutionary theory and is concerned with selection pressures on mammals at population level and over very long periods of time spanning multiple generations."
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Long-standing marine mystery solved: How algae get nitrogen to grow | ScienceDaily
In a new study, scientists from the Max Planck Institute for Marine Microbiology, the Alfred Wegener Institute and the University of Vienna shed light on an unexpected partnership: A marine diatom and a bacterium that can account for a large share of nitrogen fixation in vast regions of the ocean. This symbiosis likely plays a key role for global marine nitrogen fixation and productivity, and thus uptake of carbon dioxide. The newly-discovered bacterial symbiont is closely related to the nitrogen-fixing Rhizobia which live in partnership with many crop plants and may also open up new avenues for engineering nitrogen-fixing plants. The results were published in the current print edition of the journal Nature.


						
Nitrogen is an essential component of all living organisms. It is also the key element controlling the growth of crops on land, as well as the microscopic oceanic plants that produce half the oxygen on our planet. Atmospheric nitrogen gas is by far the largest pool of nitrogen, but plants cannot transform it into a usable form. Instead, some crop plants like soybeans, peas and alfalfa (collectively known as legumes) have acquired Rhizobial bacterial partners that "fix" atmospheric nitrogen into ammonium, which can be used by plants. This partnership makes legumes one of the most important sources of proteins in food production.

Yet, how marine plants obtain the nitrogen they need to grow has not yet been fully clarified. Scientists from the Max Planck Institute for Marine Microbiology, the Alfred Wegener Institute and the University of Vienna now report that Rhizobia can also form similar partnerships with tiny marine plants called diatoms -- a discovery that solves a long-standing marine mystery and which has potentially far-reaching agricultural applications.

An enigmatic marine nitrogen fixer hiding within a diatom

For many years it was assumed that most nitrogen fixation in the oceans was carried out by photosynthetic organisms called cyanobacteria. However, in vast regions of the ocean there are not enough cyanobacteria to account for measured nitrogen fixation. Thus, many scientists hypothesized that non-cyanobacterial microorganisms must be responsible for the "missing" nitrogen fixation. "For years, we have been finding gene fragments encoding the nitrogen-fixing nitrogenase enzyme, which appeared to belong to one particular non-cyanobacterial nitrogen fixer," says Marcel Kuypers, lead author on the study. "But, we couldn't work out precisely who the enigmatic organism was and therefore had no idea whether it was important for nitrogen fixation."

In 2020, the scientists travelled from Bremen to the tropical North Atlantic to join an expedition involving two German research vessels. They collected hundreds of liters of seawater from the region, in which a large part of global marine nitrogen fixation takes place, hoping to both identify and quantify the importance of the mysterious nitrogen fixer. It took them the next three years to finally puzzle together its genome. "It was a long and painstaking piece of detective work but ultimately, the genome solved many mysteries," says Bernhard Tschitschko, first author of the study and bioinformatician now working at the University of Innsbruck. Co-author and bioinformatician Daan Speth now working at the University of Vienna adds: "Based on the nitrogenase gene fragment we had seen in many marine samples before, one would have expected to find this gene in a Vibrio-related organism, but by carefully piecing together the genetic information it turned out that instead, it belonged to a genome closely related to known Rhizobia, which typically live in symbiosis with legume plants." Together with its surprisingly small genome, this raised the possibility that the marine Rhizobia might be a symbiont.

The first known symbiosis of this kind

Spurred on by these discoveries, the authors developed a genetic probe which could be used to fluorescently label the Rhizobia. "This allowed us to visualize the Rhizobia directly in their native habitat -- the complex environmental samples collected in the Atlantic," says Katharina Kitzinger, who started contributing to this project at the Max Planck Institute and continued lending her expertise after moving to the University of Vienna. Indeed, their suspicions about it being a symbiont were quickly confirmed. "We were finding sets of four Rhizobia, always sitting in the same spot inside the diatoms," says Kuypers, "It was very exciting as this is the first known symbiosis between a diatom and a non-cyanobacterial nitrogen fixer."




The scientists named the newly discovered symbiont Candidatus Tectiglobus diatomicola. Having finally worked out the identity of the missing nitrogen fixer, they focused their attention on working out how the bacteria and diatom live in partnership. Using a technology called nanoSIMS, they could show that the Rhizobia exchanges fixed nitrogen with the diatom in return for carbon. And it puts a lot of effort into it: "In order to support the diatom's growth, the bacterium fixes 100-fold more nitrogen than it needs for itself," Wiebke Mohr, one of the scientists on the paper explains.

A crucial role in sustaining marine productivity

Next the team turned back to the oceans to discover how widespread the new symbiosis might be in the environment. It quickly turned out that the newly discovered partnership is found throughout the world's oceans, especially in regions where cyanobacterial nitrogen fixers are rare. Thus, these tiny organisms are likely major players in total oceanic nitrogen fixation, and therefore play a crucial role in sustaining marine productivity and the global oceanic uptake of carbon dioxide.

A key candidate for agricultural engineering?

Aside from its importance to nitrogen fixation in the oceans, the discovery of the symbiosis hints at other exciting opportunities in the future. Kuypers is particularly excited about what the discovery means from an evolutionary perspective. "The evolutionary adaptations of Ca. T. diatomicola are very similar to the endosymbiotic cyanobacterium UCYN-A, which functions as an early-stage nitrogen-fixing organelle. Therefore, it's really tempting to speculate that Ca. T. diatomicola and its diatom host might also be in the early stages of becoming a single organism."

Tschitschko agrees that the identity and organelle like nature of the symbiont is particularly intriguing, "So far, such organelles have only been shown to originate from the cyanobacteria, but the implications of finding them amongst the Rhizobiales are very exciting, considering that these bacteria are incredibly important for agriculture. The small size and organelle-like nature of the marine Rhizobiales means that it might be a key candidate to engineer nitrogen-fixing plants someday."

The scientists will now continue to study the newly discovered symbiosis and see if more like it also exist in the oceans.

Participating institutions:
    	Max Planck Institute for Marine Microbiology, Bremen, Germany
    	Alfred Wegener Institute -- Helmholtz-Centre for Polar and Marine Research, Bremerhaven, Germany
    	University of Vienna, Vienna, Austria
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Groundbreaking discovery: Zinc can make crop yields more climate-resilient | ScienceDaily
Researchers have discovered that zinc plays a crucial role in the nitrogen fixation process of legumes. This finding, along with the transcriptional regulator Fixation Under Nitrate (FUN), could revolutionize legume-based agriculture by optimizing crop efficiency and reducing reliance on synthetic fertilizers. By understanding how zinc and FUN regulate nitrogen fixation, researchers might be able to enhance nitrogen delivery, improve crop yields, and promote more sustainable agricultural practices.


						
The new knowledge about zinc can change the way we cultivate crops, as plants can be made more climate-resilient. This means that the plant can acquire increased tolerance to extreme weather, which can not only ensure a more stable crop yield but also reduce the need for artificial fertilizers and enable the cultivation of legumes in new, previously unsuitable areas.

"Bacteria can cooperate with legumes to fix nitrogen from the air in root nodules. However, the nodules are sensitive to environmental influences such as temperature, drought, flooding, soil salinity, and high concentrations of nitrogen in the soil," elaborates Assistant Professor and lead author of the study, Jieshun Lin.

Researchers from Aarhus University, Denmark, in collaboration with Polytechnic University of Madrid and European Synchrotron Radiation Facility in France, have discovered that legumes use zinc as a secondary signal to integrate environmental factors and regulate nitrogen fixation efficiency. In the study published in Nature, the researchers discovered that FUN is a novel type of zinc sensor, which decodes zinc signals in nodules and regulates nitrogen fixation.

"It's truly remarkable to discover zinc's role as a secondary signal in plants. It is a vital micronutrient, and it has never been considered as a signal before. After screening over 150,000 plants, we finally identified the zinc sensor FUN, shedding light on this fascinating aspect of plant biology," Jieshun Lin explains.

In this study the researcher identifies that FUN is an important transcription factor that control nodule breakdown when soil nitrogen concentrations are high: "FUN is regulated by a peculiar mechanism that monitor the cellular zinc levels directly and we show that FUN is inactivated by zinc into large filament structures and liberated into the active form when zinc levels are low," Professor Kasper Rojkjaer Andersen explains.

From an agricultural perspective, continued nitrogen fixation could be a beneficial trait that increases nitrogen availability, both for the legume and for co-cultivated or future crops that rely on the nitrogen left in the soil after legumes are grown. This helps lay the foundations for future research that provides new ways for us to manage our farming systems and reduce the use of nitrogen fertilizer and reduce its impact on the environment.

The implications of this research are significant. By understanding how zinc and FUN regulate nitrogen fixation, researchers are developing strategies to optimize this process in legume crops. This could lead to increased nitrogen delivery, improving crop yields and reducing the need for synthetic fertilizers, which have environmental and economic costs.

Researchers are now investigating the mechanisms of how zinc signals are generated and decoded by FUN. They are looking forward to applying these new discoveries to legume crops such as faba bean, soybean and cowpea.
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        Clever pupils don't need to attend academically selective schools to thrive, study finds
        New findings challenge the idea that academically selective schools are necessary for clever pupils to achieve good outcomes.

      

      
        Poor health, stress in 20s takes toll in 40s with lower cognition
        Young adults who have higher levels of inflammation, which is associated with obesity, physical inactivity, chronic illness, stress and smoking, may experience reduced cognitive function in midlife, a new study has found.

      

      
        New study on children and food:  Fruit chunks in yogurt are a turn off for one age group in particular
        It's no secret that kids aren't crazy about having too many seeds, pulp or chunks in their food. But six-year-olds in particular definitely can't stand lumps, according to a new study. The research sheds new light on children's food preferences across age groups and can serve parents, the health care sector and the food industry.

      

      
        Chemists synthesize an improved building block for medicines
        Research could help drug developers improve the safety profiles of medications and reduce side effects.

      

      
        Pasteurization inactivates highly infectious avian flu in milk, study suggests
        Researchers found no infectious virus in the sampled pasteurized milk products tested for H5N1.

      

      
        Measuring body language
        A large international and interdisciplinary research team has developed software to measure the objective kinematic features of movements that express emotions.

      

      
        Experimental drug supercharges medicine that reverses opioid overdose
        Researchers have identified a compound that, in mice, makes naloxone much more effective at counteracting a drug overdose.

      

      
        Mobile phone data helps track pathogen spread and evolution of superbugs
        Combining genomic data and human travel patterns over a 14-year period in South Africa reveals key insights into the spread, evolution and resistance patterns of a major bacterium behind pneumonia and meningitis globally.

      

      
        Clever clothes! Seams in clothing capture body movement
        Everyday clothing may soon be able to capture and record body movements according to new research.

      

      
        High ceilings linked to poorer exam results for university students
        Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.

      

      
        Low-dose aspirin could help prevent pregnancy complications caused by flu infections
        A world-first study has found low-dose aspirin may treat flu-induced blood vessel inflammation, creating better blood flow to the placenta during pregnancy.

      

      
        Drugs that kill 'zombie' cells may benefit some older women, but not all
        Drugs that selectively kill senescent cells may benefit otherwise healthy older women but are not a 'one-size-fits-all' remedy, Mayo Clinic researchers have found. Specifically, these drugs may only benefit people with a high number of senescent cells, according to findings publishing July 2 in Nature Medicine.

      

      
        Using visible light to make pharmaceutical building blocks
        Chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals. The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst.

      

      
        UV radiation damage leads to ribosome roadblocks, causing early skin cell death
        In a recent study, researchers suggest the cell's messenger RNA (mRNA) -- the major translator and regulator of genetic material -- along with a critical protein called ZAK, spur the cell's initial response to UV radiation damage and play a critical role in whether the cell lives or dies.

      

      
        Advancing toward a preventative HIV vaccine
        A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a 'swarm' of viral strains existing in a single body.

      

      
        Genetic study points to oxytocin as possible treatment for obesity and postnatal depression
        Scientists have identified a gene which, when missing or impaired, can cause obesity, behavioural problems and, in mothers, postnatal depression. The discovery, reported today in Cell, may have wider implications for the treatment of postnatal depression, with a study in mice suggesting that oxytocin may alleviate symptoms.

      

      
        Systematic biases at play in clinical trials
        Randomized controlled trials, or RCTs, are believed to be the best way to study the safety and efficacy of new treatments in clinical research. However, a recent study found that people of color and white women are significantly underrepresented in RCTs due to systematic biases.

      

      
        Potential new target for early treatment of Alzheimer's disease
        A class of proteins that regulates cell repair and enhances cell growth-signaling systems could be a promising new target for the treatment of Alzheimer's and other neurodegenerative diseases, according to a new study. They found that disrupting necessary sugar modifications of these proteins promotes cell repair and reverses cellular abnormalities that occur in neurodegenerative diseases.

      

      
        Serendipity reveals new method to fight cancer with T cells
        A promising therapy that treats blood cancers by harnessing the power of the immune system to target and destroy cancer cells could now treat solid tumors more efficiently.

      

      
        Study explores what motivates people to watch footage of disasters and extreme weather
        The release in July 2024 of the blockbuster film Twisters (centred around a social-media celebrity storm-chaser) demonstrates an ongoing public fascination in hazards and extreme weather. The arrival of camera and streaming technologies have made it easier to collect and share such footage in recent years, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord. Now, a new study has analyzed what might be motivating people to watch these streams --...

      

      
        'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness
        A new study shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.

      

      
        Safer, swifter, smaller scar: New brain surgery approach targets difficult tumors at skull base
        A medical team has developed a minimally invasive neurosurgical technique using an endoscope for the removal of tumors in the base of the skull. The results compare favorably with the conventional microscopic approach, with the added benefit of shorter operative times, less blood loss, and smaller craniotomies.

      

      
        Watching others' biased behavior unconsciously creates prejudice
        We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists, who show for the first time that observational learning is an important mechanism of prejudice formation.

      

      
        Understanding the synchronization of physiological states during a live music performance
        In a concert, members of the audience can respond emotionally to music, owing to their biological synchronization to the audio input. However, the mechanism underlying this biological response is unclear. Now, a pioneering study has found that music-induced heart-rate synchronization is highly correlated within an individual, compared to between two randomly selected individuals. It has been determined that individual differences in cognition reduce the consistency in physiological responses and ...

      

      
        A new target for treatment of one type of macular degeneration
        A new study in mice hints at the promise of an eventual alternative treatment option for the 'wet' version of age-related macular degeneration (AMD). Researchers determined in mice that an enzyme related to cell growth and division is a culprit in the blood vessel invasion in the back of the eye that causes blurred central vision in wet AMD. Targeting the enzyme, called telomerase, with an experimental drug suppressed abnormal vascular growth in the animals' retina.

      

      
        Too much treadmill? This could help your shin splints
        Good news for all the treadmill runners who suffer from stubborn shin splints: A little outdoor gait training may help, new research suggests.

      

      
        Study finds health care providers would recommend human papillomavirus self-collection
        In 2019, more than 12,000 new cases of cervical cancer were diagnosed and upwards of 4,000 patients died in the U.S. The causal link between human papillomavirus (HPV) infection and the development of cervical cancer is well documented. Cervical cancer screening guidelines are currently in the review process for updates.

      

      
        Researchers unveil comprehensive youth diabetes dataset and interactive portal to boost research and prevention strategies
        A team has developed the most comprehensive epidemiological dataset for youth diabetes and prediabetes research, derived from extensive National Health and Nutrition Examination Survey (NHANES) data collected from 1999 to 2018. The dataset, revealed through the newly launched Prediabetes/diabetes in youth ONline Dashboard (POND), aims to ignite a new wave of research into the escalating issue of diabetes among young people.

      

      
        Implantable microphone could lead to fully internal cochlear implants
        Researchers developed a prototype of an implantable microphone for a cochlear implant. Their device, which senses the movement of the ear drum in the inner ear, performed as well as commercial hearing aids and could someday enable a fully internalized cochlear implant.

      

      
        Groundbreaking approach to sleep study expands potential of sleep medicine
        Bye bye sleep lab: An engineer is redesigning sleep studies, so they can be done at home without all the cumbersome wires dangling all over your body. Instead, only two wires needed.

      

      
        Doctors could soon use facial temperature for early diagnosis of metabolic diseases
        A colder nose and warmer cheeks may be a telltale sign of rising blood pressure. Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. With further research, doctors could one day us...

      

      
        Engineered plasma cells show long-lasting antileukemic activity in mice
        Researchers show for the first time that engineered human plasma B cells can be used to treat a disease -- specifically leukemia -- in a humanized animal model. The results mark a key step in the realization of ePCs as therapies to treat cancer, auto-immune disorders, and protein deficiency disorders.

      

      
        Proteins and fats can drive insulin production for some, paving way for tailored nutrition
        When it comes to managing blood sugar levels, most people think about counting carbs. But new research shows that, for some, it may be just as important to consider the proteins and fats in their diet. The study is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids). The findings reveal that production of the blood sugar-regulating hormone is much more dynam...

      

      
        How our brains develop facial recognition skills: New face-detecting brain circuit
        Scientists have uncovered a brain circuit in primates that rapidly detects faces. The findings help not only explain how primates sense and recognize faces, but could also have implications for understanding conditions such as autism, where face detection and recognition are often impaired from early childhood.

      

      
        Light targets cells for death and triggers immune response with laser precision
        A new method of precisely targeting troublesome cells for death using light could unlock new understanding of and treatments for cancer and inflammatory diseases.

      

      
        Weight change across common antidepressant medications
        A new study compared weight change across eight common first-line antidepressants for patients taking an antidepressant for the first time. The study found differences in weight change between the different antidepressants after medication initiation, with bupropion consistently showing the least weight gain. The study adds rigorous evidence on expected weight gain across common antidepressant treatments.

      

      
        Tax on antibiotics could help tackle threat of drug-resistance
        Taxing certain antibiotics could help efforts to tackle the escalating threat of antibiotic resistance in humans, according to a new study.

      

      
        Mechanism of lupus pathogenesis unveiled
        A team identifies target protein regulating autoimmune disease lupus.

      

      
        A prosthesis driven by the nervous system helps people with amputation walk naturally
        With a new surgical intervention and neuroprosthetic interface, researchers restored a natural walking gait in people with amputations below the knee. Seven patients were able to walk faster, avoid obstacles, and climb stairs more naturally than people with a traditional amputation.

      

      
        New and improved camera inspired by the human eye
        Computer scientists have invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time.

      

      
        Overlooked brain organ plays key role in promoting brain repair after stroke
        Scientists found the choroid plexus and cerebrospinal fluid play a key role in maintaining a pool of newly born neurons to repair the adult brain after injury.

      

      
        Finding the sweet spot in brain development
        Short-lived neural connections in the mouse brain help prime sensory circuits, forever affecting the mouse's sense of touch. Neuroscientists have discovered that a receptor protein named mGluR1 helps regulate the timing of these temporary connections. Their findings may help reveal the origins of various neurodevelopmental disorders and new ways of treating them.

      

      
        Portable engine powers artificial muscles in assistive devices
        Researchers have developed a lightweight fluidic engine to power muscle-mimicking soft robots for use in assistive devices. What sets the new engine apart is its ability to generate significant force without being tethered to an external power source.

      

      
        Degradation of cell wall key in the spread of antibiotic resistance
        A study provides new clues in the understanding of how antibiotic resistance spreads. The study shows how an enzyme breaks down the bacteria's protective outer layer, the cell wall, and thus facilitates the transfer of genes for resistance to antibiotics.

      

      
        Researchers thwart resistant bacteria's strategy
        Bacteria are experts at evolving resistance to antibiotics. One resistance strategy is to cover their cell walls in sticky and gooey biofilm that antibiotics cannot penetrate. A new discovery could put a stop to this strategy.

      

      
        Multiple myeloma: Early detection of aggressive tumors
        Multiple myeloma is one of the most common forms of cancer of the immune cells in the bone marrow. It is considered incurable. Even when patients respond to treatment at first, the cancer comes back. To be able to intervene faster and on a more targeted basis, researchers completed a comprehensive study of this disease at the molecular level.

      

      
        Physical exercise prevents nerve damage during chemotherapy
        Cancer treatments often cause nerve damage that can lead to long-lasting symptoms. Medication has proven ineffective in these cases. A sports scientist together with an interdisciplinary team from Germany, has now shown that simple exercises can prevent nerve damage.

      

      
        Scientists turn white fat cells into calorie-burning beige fat
        Researchers have figured out how to turn ordinary white fat cells, which store calories, into beige fat cells that burn calories to maintain body temperature.

      

      
        New findings may fix the replicability crisis in microbiome research
        Researchers have discovered another factor that affects the composition of the gut microbiome: time of day.

      

      
        Nanorobot with hidden weapon kills cancer cells
        Researchers have developed nanorobots that kill cancer cells in mice. The robot's weapon is hidden in a nanostructure and is exposed only in the tumour microenvironment, sparing healthy cells.
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Clever pupils don't need to attend academically selective schools to thrive, study finds | ScienceDaily

Selective schools are government-funded schools that enrol only the highest performing students. Pupils take a standardized entrance exam, from which the best-scoring are enrolled.

Some argue that selective schools are necessary for bright pupils to reach their full academic potential. Selective schools can outperform or perform just as well as elite schools in final year exams, but without the high fees charged to parents. Hence, selective schools can offer a means for children from low socioeconomic backgrounds to receive a first-class education.

However, others argue that selective schools disproportionately benefit high socioeconomic children whose parents can afford private tutoring to prepare them for the entrance exams.

"Studies show that parents wish to enrol their children into selective schools, because they believe it will increase the chances of their children getting into a prestigious university, and securing a well-paid and high-status job," says Melissa Tham, a research fellow at the Mitchell Institute at Victoria University, Melbourne, Australia.

To find out whether there are benefits associated with selective schools, Tham and her colleagues Shuyan Huo, and Andrew Wade tracked almost 3000 pupils from the Longitudinal Surveys of Australian Youth (LSAY), a nationally representative survey program that follows young Australians over an 11-year period. The survey started when respondents were aged 15 in 2009.

As expected, the selective schools featured in the study had a higher proportion of academically high-achieving students, as measured by mathematics and reading scores.




However, at ages 19 and 25 there was little difference between the educational and employment outcomes of children who attended selective schools versus non-selective schools. For example, the study found that while 81% of selective school students went on to secure a job or university place at 19 compared to 77.6% of pupils from non-selective schools, this difference disappeared when the students were matched on key characteristics, including socioeconomic background, gender, and geographical location.

At age 25, all outcomes between selective and non-selective school students were not significant, except general life satisfaction. Attending a selective school increased a student's general life satisfaction score by just 0.19 points. Meanwhile, students who attended non-selective school were just as likely to go on to study at university or secure a job as their peers who attended selective schools.

"These very modest findings indicate that attending an academically selective school does not appear to pay off in large benefits for individuals," says Andrew Wade, co-author of the study.

"We argue that academically selective schools in the government sector therefore contradicts the principles of inclusive and equitable education which underpin Australia's school system."

According to the authors, the findings suggest that more research is needed to determine whether selective schools offer any benefit to academically able students.

"Rather than tweak some aspects of the enrolment processes, we see greater value in conducting a thorough and critical examination of fully and partially selective schools, and scaling back selectivity if the supposed benefits are not found," says Huo.
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Poor health, stress in 20s takes toll in 40s with lower cognition | ScienceDaily
Higher inflammation in young adulthood linked to lower performance in skills testing in midlife.


						
Young adults who have higher levels of inflammation, which is associated with obesity, physical inactivity, chronic illness, stress and smoking, may experience reduced cognitive function in midlife, a new study out of UC San Francisco has found.

Researchers previously linked higher inflammation in older adults to dementia, but this is one of the first studies to connect inflammation in early adulthood with lower cognitive abilities in midlife.

"We know from long-term studies that brain changes leading to Alzheimer's disease and other dementias may take decades to develop," said first author Amber Bahorik, PhD, of the UCSF Department of Psychiatry and Behavioral Sciences and the Weill Institute for Neurosciences. "We wanted to see if health and lifestyle habits in early adulthood may play a part in cognitive skills in midlife, which in turn may influence the likelihood of dementia in later life."

In their study, publishing in Neurology on July 3, researchers found that only 10% of those with low inflammation performed poorly on testing of processing speed and memory, compared to 21% and 19%, respectively, of those with either moderate or higher levels of inflammation.

When researchers adjusted for factors like age, physical activity and total cholesterol, disparities remained in processing speed; and the researchers also found differences in executive functioning, which includes working memory, problem solving and impulse control.

The study followed 2,364 adults in the CARDIA study, which aims to identify the factors in young adulthood that lead to cardiovascular disease two-to-three decades later.




Participants were 18 to 30 years old when they entered the study and were tested four times over an 18-year period for the inflammatory marker C-reactive protein (CRP). They took the cognitive tests five years after their last CRP measurement, by which time most participants were in their forties and fifties.

About half the participants were female; a little under half were Black, and the rest were white. Some 45% had lower stable inflammation, while 16% had moderate or increasing inflammation; 39% had higher levels.

A link between inflammation and health risks

The researchers also linked higher levels of inflammation with physical inactivity, higher BMI and current smoking.

"Inflammation plays a significant role in cognitive aging and may begin in early adulthood," said senior author Kristine Yaffe, MD, a professor of psychiatry and behavioral sciences, neurology, and epidemiology and biostatistics at UCSF. "There is likely a direct and indirect effect of inflammation on cognition."

Yaffe is a member of the first team of experts to determine that 30% of dementia risk is preventable. Her recent research has looked at the association in midlife between fragmented sleep and lower cognition and the effects of personalized health and lifestyle changes in preventing memory loss in higher-risk older adults.

"Fortunately, there are ways to reduce inflammation -- such as by increasing physical activity and quitting smoking -- that might be promising paths for prevention," Yaffe said.
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New study on children and food: Fruit chunks in yogurt are a turn off for one age group in particular | ScienceDaily
If you feel like your six-year-old has suddenly gotten extra fussy about the texture of their dinner, don't worry. It will pass. A new study from the University of Copenhagen's Department of Food Science demonstrates that at the age of six, children prefer to avoid crunch in their peanut butter, berries in jam and pieces of fruit in yogurt,


						
In the study, the researchers asked 485 children between the ages of five and twelve to choose between six different foods with and without lumps, seeds and pieces of fruit in them. The foods were bread, orange juice, peanut butter, strawberry jam, yogurt and tomato soup. The researchers showed children drawings of these foods both with and without lumps, and then asked them to choose between them.

In 76 percent of the instances, six-year-olds opted for foods without lumps, the highest preference rate observed across the age groups.

"The fact that children in general are not happy with too many lumps in food is probably something many people can recognize, but this is the first time that a scientific study has linked a specific age group, namely six-year-olds, so clearly to this food preference," says Dr. Ching Yue Chow, first author of the study.

To get answers that were as precise as possible, the researchers have used real foods to test how consistent children were in answering these questions in other studies.

Protection against dangerous foods

According to Ching Yue Chow, there may be an explanation for why children's fear of complex texture in food peaks around the age of six.




"Food neophobia is often described as the reluctance to eat new or unfamiliar foods. It is thought to be a protective function to prevent children from eating potentially poisonous foods or other dangerous things when they start to become more independent. Studies have reported that food neophobia starts from a low baseline at weaning. It increases sharply as a child becomes more mobile and independent, reaching a peak at around 6 or 7 years old.

As such, it makes sense that this particular group in our study does not like too many lumps in food, as it is at this age that they are most cautious when it comes to food," explains Ching Yue Chow.

The researchers also examined whether chunk size in food has anything to say. But here, they found no unequivocal answer.

"It seemed that the children generally had no problem in distinguishing different sizes of chunks when foods were in their mouths. For them, it's mostly about the presence or absence of chunks," says Ching Yue Chow.

However, despite there being a low point in the desire to eat food with chunks at the age of six, it gradually goes the other way in 7-12-year-olds, the study shows. And this is supported by our previous knowledge in advance of how children's food preferences mature with age.

"As children reach school age, they may become more influenced by classmates and others within their circle to try new types of food and have more of a desire to expand their horizons. We can also see that the proportion that would like to have food with chunks in food grows in concert with their age in the study," says Ching Yue Chow.




New dishes may need to be introduced 8-15 times

And according to the researcher, the "anti-chunk phase" that 6-year-olds have, you have to accept as a parent, although it can be frustrating when the kids don't want to eat the food they're served. But that can easily change once they're past the critical age of six. You just have to keep trying -- often up to 15 times, the recommendation goes:

"A lot of research on children and foods shows that repeated exposures to new dishes have a positive effect on whether they'll bother eating them. Specifically, it is about giving children the opportunity to taste new food while there is something on the plate that they already know. Often they need to be presented with the new dish 8-15 times before they develop preference for it, but persistence pays off," explains Ching Yue Chow.

Furthermore, it' a good idea to avoid compulsions and rewards for children to eat their vegetables.

"Rewarding a child with an ice cream if they eat their broccoli, is a very short-term strategy. Because the moment you remove the ice cream, they don't want to eat the healthy foods. At the same time, you shouldn't pressure a child or try to force them to eat certain things, because you risk that they will eat the new food even less than before because they associate it with something negative," says Ching Yue Chow.

The new research results shed more light on the food preferences of children between the ages of five and twelve, which the researcher hopes can make parents and the food industry wiser about our relationships with food.

"It is important to understand the underlying psychology of children when you, as a parent, serve them food and when you as a company develop new products to avoid children becoming unnecessarily picky. Here, I hope that our study can serve as an inspiration to parents and those who develop new food products," concludes Ching Yue Chow.

The 6-year-olds like lumps in their food the least:

About the study:
    	The research was carried out in a close collaboration between Future Consumer Lab, Department of Food Science, University of Copenhagen and the CASS Food Research Centre at Deakin University, Australia.
    	The researchers behind the study are: Ching Yue Chow, Anne C. Bech, Annemarie Olsen, Russell Keast, Catherine G. Russell and Wender L.P. Bredie.
    	The study involved 485 Australian children aged 5-12 years.
    	The study is funded by Innovation Fund Denmark and Arla Foods.
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Chemists synthesize an improved building block for medicines | ScienceDaily
Chemists have overcome a major hurdle in synthesizing a more stable form of heterocycle -- a family of organic compounds that are a common component of most modern pharmaceuticals.


						
The research, which could expand the toolkit available to drug developers in improving the safety profiles of medications and reducing side effects, was published in Science by organic chemists at the University of British Columbia (UBC), the Massachusetts Institute of Technology (MIT), and the University of Michigan.

"Azetidines are a particularly useful, stable form of heterocycle, but synthesizing them has been incredibly challenging," says Dr. Corinna Schindler, Canada Research Chair in synthetic solutions for bioactive compounds at UBC and senior author on the paper.

Heterocycles play a major role in the design of modern drug families -- including cancer drugs and antibiotics. Some reviews indicate 85 per cent of all biologically active chemical entities contain a heterocycle.

But many heterocycles currently used in pharmaceutical design tend to oxidize under physiological conditions. This can lead to off-target effects and challenges with the safety profiles of medications.

Azetidines -- organic compounds that contain three carbon atoms and one nitrogen atom, and are liquid at room temperature -- are known to be metabolically robust and don't undergo oxidation reactions under physiological conditions.

"This is something that synthetic organic chemists have tried to achieve for a long time, and we're hopeful this will enable researchers to develop new synthetic transformations of azetidines with more useful chemical and medical functions," says Dr. Schindler, whose lab conducted the research at the University of Michigan with graduate student Emily Wearing and in conjunction with Dr. Heather Kulik's lab at the Massachusetts Institute of Technology.

The team used light-driven reactions and a computational approach to the problem and for the first time were able to engage compounds called imines productively in reactions to form new azetidines.
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Pasteurization inactivates highly infectious avian flu in milk, study suggests | ScienceDaily
In March 2024, dairy cows in Texas were found to be infected with highly pathogenic avian flu, or H5N1 bird flu, in the first known case of the virus spreading to cattle. Since then, H5N1 has been found in about 200 animals -- and 3 people -- across 12 states, according to the Centers for Disease Control and Prevention. The virus was soon detected in raw milk, leading researchers to investigate whether dairy products pose a risk to consumers.


						
"How far is the virus getting through?" asked Erica Spackman, Ph.D., a virologist at the U.S. Department of Agriculture (USDA) in Athens, Ga. To find out, she and her collaborators tested nearly 300 milk products from 132 processors.

The researchers found no infectious virus in the samples, Spackman and her collaborators report this week in the Journal of Virology, a journal of the American Society for Microbiology. "Milk is safe," she said. "Just like bacterial pathogens that occur in milk, or other viruses that could occur in milk, the sanitation processes that are in place are getting rid of the pathogens."

The milk processing pipeline includes multiple layers of protection, Spackman said. Microbiological surveillance of milk products can identify pathogens, and milk from cows with mastitis or other disease conditions does not enter the food supply. Finally, heating during the pasteurization process can destroy H5N1 and other, more common bacterial pathogens.

Bird flu primarily infects and spreads among migratory birds and can be transmitted to domestic poultry, but the virus has been detected in other animals as well. Recently, those have included cats, dogs and juvenile goats, as well as a polar bear in Alaska and elephant and fur seals in the Antarctic. However, the discovery of H5N1 on dairy farms in March was a surprise -- the virus had never been found in dairy cattle before.

Soon after the discovery, diagnostic testing revealed that an infectious form of the virus was present in raw milk, suggesting the virus passes from cow to milk. That finding led the U.S. Food and Drug Administration and the USDA to investigate whether pasteurization effectively eliminated risks posed to consumers. Between April 18 and April 22, 2024, researchers used real-time PCR to analyze 297 samples of pasteurized retail milk products, including 23 types of products, collected from 17 states.

"We did a viability assay to detect live virus and went as sensitive as we could to get even the least little bit of virus, but couldn't detect anything," Spackman said. Using PCR, the researchers did identify viral genetic material in 20% of samples. "It looks like the virus is just totally inactivated," she said.

Spackman said the new findings "give us reassurance that what we have been doing -- pasteurization -- is keeping us safe from what we don't know about."
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Measuring body language | ScienceDaily
Is it possible to decode how we feel from our movements? How can emotions be studied "from the outside" by using empirical methods? To answer these questions, a large international and interdisciplinary research team led by the Max Planck Institute for Empirical Aesthetics (MPIEA) in Frankfurt am Main, Germany, has developed an integrative scientific methodology. Using artistic and digital means such as motion capture technology, the researchers developed the EMOKINE software to measure the objective kinematic features of movements that express emotions. The results of the study have recently been published in the journal Behavior Research Methods.


						
The team had a professional dancer repeat short dance choreographies in front of a green screen. She was asked to express different emotions through her movements: anger, contentment, fear, happiness, neutrality, and sadness. To capture the dance movements as "data," the scientists dived into the MPIEA's technology pool: the dancer wore a full-body motion capture suit from XSENS(r), equipped with a total of 17 highly sensitive sensors. In combination with a film camera, the dynamic body movements were measured and recorded. The researchers then extracted the objective kinematic characteristics (movement parameters) and programmed the software EMOKINE, which provides these movement parameters from data sets at the touch of a button.

Computerized Tracking for Whole-Body Movement

A total of 32 statistics from 12 movement parameters were compiled and extracted from a pilot dance dataset. The kinematic parameters recorded were, for example, speed, acceleration, or contraction of the limbs.

"We identified 12 kinematic features of emotional whole-body movements that have been discussed separately in the literature about previous research. We then extracted all of them from one same data set, and subsequently fed the features into the EMOKINE software," reports first author Julia F. Christensen of the MPIEA.

Movement tracking has been used in many areas in recent years because the objective recording of movement parameters can provide insights into people's intentions, feelings and state of mind. However, this research requires a theory-based methodology so meaningful conclusions can be drawn from the recorded data.

"This work shows how artistic practice, psychology, and computer science can work together in an ideal way to develop methods for studying human cognition," says co-first author Andres Fernandez of the Max Planck Institute for Intelligent Systems in Tubingen, Germany.




The methodological framework that accompanies the software package, and which explicitly uses dance movements to study emotions, is a departure from previous research approaches, which have often used video clips of "emotional actions," such as waving hands or walking.

"We are particularly excited about the publication of this work, which involved so many experts, for example from the Goethe University Frankfurt am Main, the University of Glasgow, and a film team from WiseWorld Ai, Portugal. It brought together disciplines from psychology, neuroscience, computer science, and empirical aesthetics, but also from dance and film," summarizes senior author Gemma Roig, Professor of Computer Science, Computational Vision, and AI Lab at Goethe University.

The Open-Source Software Package

EMOKINE is freely available on ZENODO and GitHub and can be adapted to other motion capture systems with minor modifications. These freely available digital tools can be used to analyze the emotional expression of dancers and other groups of artists, and also everyday movements.

The researchers now hope that the EMOKINE software they have developed will be used in experimental psychology, affective neuroscience, and in computer vision -- especially in AI-assisted analysis of visual media, a branch of AI that enables computers and systems to extract meaningful information from digital images, videos, and other visual inputs. EMOKINE will help scientists answer research questions about how kinematic parameters of whole-body movements convey different intentions, feelings, and states of mind to the observer.
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Experimental drug supercharges medicine that reverses opioid overdose | ScienceDaily
The ongoing opioid epidemic in the U.S. kills tens of thousands of people every year. Naloxone, sold under the brand name Narcan, has saved countless lives by reversing opioid overdoses. But new and more powerful opioids keep appearing, and first responders are finding it increasingly difficult to revive people who overdose.


						
Now, researchers have found an approach that could extend naloxone's lifesaving power, even in the face of ever-more-dangerous opioids. A team of researchers from Washington University School of Medicine in St. Louis, Stanford University and the University of Florida have identified potential drugs that make naloxone more potent and longer lasting, capable of reversing the effects of opioids in mice at low doses without worsening withdrawal symptoms. The study is published July 3 in Nature.

"Naloxone is a lifesaver, but it's not a miracle drug; it has limitations," said co-senior author Susruta Majumdar, PhD, a professor of anesthesiology at Washington University. "Many people who overdose on opioids need more than one dose of naloxone before they are out of danger. This study is a proof of concept that we can make naloxone work better -- last longer and be more potent -- by giving it in combination with a molecule that influences the responses of the opioid receptor."

Opioids such as oxycodone and fentanyl work by slipping inside a pocket on the opioid receptor, which is found primarily on neurons in the brain. The presence of opioids activates the receptor, setting off a cascade of molecular events that temporarily alters how the brain functions: reducing the perception of pain, inducing a sense of euphoria and slowing down breathing. It is this suppression of breathing that makes opioids so deadly.

The molecular compound described in the paper is a so-called negative allosteric modulator (NAM) of the opioid receptor. Allosteric modulators are a hot area of research in pharmacology, because they offer a way to influence how the body responds to drugs by fine-tuning the activity of drug receptors rather than the drugs themselves. Co-author Vipin Rangari, PhD, a postdoctoral fellow in the Majumdar lab, did the experiments to chemically characterize the compound.

Naloxone is an opioid, but unlike other opioids, its presence in the binding pocket doesn't activate the receptor. This unique feature gives naloxone the power to reverse overdoses by displacing problematic opioids from the pocket, thereby deactivating the opioid receptor. The problem is that naloxone wears off before other opioids do. For example, naloxone works for about two hours, while fentanyl can stay in the bloodstream for eight hours. Once naloxone falls out of the binding pocket, any fentanyl molecules that are still circulating can re-attach to and re-activate the receptor, causing the overdose symptoms to return.

The research team -- led by co-senior authors Majumdar; Brian K. Kobilka, PhD, a professor of molecular and cellular physiology at Stanford University; and Jay P. McLaughlin, PhD, a professor of pharmacodynamics at the University of Florida -- set out to find NAMs that strengthen naloxone by helping it stay in the binding pocket longer and suppress the activation of the opioid receptor more effectively.




To do so, they screened a library of 4.5 billion molecules in the lab in search of molecules that bound to the opioid receptor with naloxone already tucked into the receptor's pocket. Compounds representing several molecular families passed the initial screen, with one of the most promising dubbed compound 368. Further experiments in cells revealed that, in the presence of compound 368, naloxone was 7.6 times more effective at inhibiting the activation of the opioid receptor, partly because naloxone stayed in the binding pocket at least 10 times longer.

"The compound itself doesn't bind well without naloxone," said Evan O'Brien, PhD, the lead author on the study and a postdoctoral scholar in Kobilka's lab at Stanford. "We think naloxone has to bind first, and then compound 368 is able to come in and cap it in place."

Even better, compound 368 improved naloxone's ability to counteract opioid overdoses in mice and enabled naloxone to reverse the effects of fentanyl and morphine at 1/10th the usual doses.

However, people who overdose on opioids and are revived with naloxone can experience withdrawal symptoms such as pain, chills, vomiting and irritability. In this study, while the addition of compound 368 boosted naloxone's potency, it did not worsen the mice's withdrawal symptoms.

"We have a long way to go, but these results are really exciting," McLaughlin said. "Opioid withdrawal likely won't kill you, but they're so severe that users often resume taking opioids within a day or two to stop the symptoms. The idea that we can rescue patients from overdose with reduced withdrawal might just help a lot of people."

Compound 368 is just one of several molecules that show potential as NAMs of the opioid receptor. The researchers have filed a patent on the NAMs, and are working on narrowing down and characterizing the most promising candidates. Majumdar estimates that it will be 10 to 15 years before a naloxone-enhancing NAM is brought to market.

"Developing a new drug is a very long process, and in the meantime new synthetic opioids are just going to keep on coming and getting more and more potent, which means more and more deadly," Majumdar said. "Our hope is that by developing a NAM, we can preserve naloxone's power to serve as an antidote, no matter what kind of opioids emerge in the future."
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Mobile phone data helps track pathogen spread and evolution of superbugs | ScienceDaily
A new way to map the spread and evolution of pathogens, and their responses to vaccines and antibiotics, will provide key insights to help predict and prevent future outbreaks. The approach combines a pathogen's genomic data with human travel patterns, taken from anonymised mobile phone data.


						
Researchers from the Wellcome Sanger Institute, University of the Witwatersrand and National Institute for Communicable Diseases in South Africa, the University of Cambridge, and partners across the Global Pneumococcal Sequencing project1, integrated genomic data from nearly 7,000 Streptococcus pneumoniae (pneumococcus)samples collected in South Africa with detailed human mobility data2. This enabled them to see how these bacteria, which cause pneumonia and meningitis3, move between regions and evolve over time.

The findings, published today (3 July) in Nature, suggest initial reductions in antibiotic resistance linked to the 2009 pneumococcal vaccine may be only temporary, as non-targeted strains resistant to antibiotics such as penicillin gained a 68 per cent competitive advantage.

This is the first time researchers have been able to precisely quantify the fitness -- their ability to survive and reproduce -- of different pneumococcal strains. The insight could inform vaccine development to target the most harmful strains, and may be applicable to other pathogens.

Many infectious diseases such as tuberculosis, HIV, and COVID-19 exist in multiple strains or variants circulating simultaneously, making them difficult to study. Pneumococcus, a bacterium that is a leading cause of pneumonia, meningitis, and sepsis worldwide4, is a prime example with over 100 types and 900 genetic strains globally. Pneumonia alone kills around 740,000 children under the age of five each year5, making it the single largest infectious cause of death in children.

Pneumococcal diversity hampers control efforts, as vaccines targeting major strains leave room for others to fill the vacant niches. How these bacteria spread, how vaccines affect their survival, and their resistance to antibiotics remains poorly understood.

In this new study, researchers analysed genome sequences from 6,910 pneumococcus samples collected in South Africa between 2000 and 2014 to track the distribution of different strains over time. They combined these data with anonymised records of human travel patterns collected by Meta2.




The team developed computational models which revealed pneumococcal strains take around 50 years to fully mix throughout South Africa's population, largely due to localised human movement patterns.

They found that while introduction of a pneumococcal vaccine against certain types of these bacteria in 2009 reduced the number of cases caused by those types6, it also made other non-targeted strains of these bacteria gain a 68 per cent competitive advantage, with an increasing proportion of them becoming resistant to antibiotics such as penicillin. This suggests that the vaccine-linked protection against antibiotic resistance is short-lived.

Dr Sophie Belman, first author of the study, former PhD student at the Wellcome Sanger Institute and now a Schmidt Science Fellow at the Barcelona Supercomputing Centre, Spain, said: "While we found that pneumococcal bacteria generally spread slowly, the use of vaccines and antimicrobials can quickly and significantly change these dynamics. Our models could be applied to other regions and pathogens to better understand and predict pathogen spread, in the context of drug resistance and vaccine effectiveness."

Dr Anne von Gottberg, author of the study at National Institute for Communicable Diseases, Johannesburg, South Africa, said: "Despite vaccination efforts, pneumonia remains one of the leading causes of death for children under five in South Africa. With continuous genomic surveillance and adaptable vaccination strategies to counter the remarkable adaptability of these pathogens, we may be able to better target interventions to limit the burden of disease."

Professor Stephen Bentley, senior author of the study at the Wellcome Sanger Institute, said: "The pneumococcus's diversity has obscured our view on how any given strain spreads from one region to the next. This integrated approach using bacterial genome and human travel data finally allows us to cut through that complexity, uncovering hidden migratory paths in high-definition for the first time. This could allow researchers to anticipate where emerging high-risk strains may take hold next, putting us a step ahead of potential outbreaks."

Notes
    	Partners from the Global Pneumococcal Sequencing project can be found here: https://www.pneumogen.net/gps/
    	The human mobility data used in this study are Meta Data for Good baseline data, released during the 2020 SARS-CoV-2 pandemic. These data rely on personal consent for location sharing, and Data for Good ensures individual privacy by preventing re-identification in aggregated datasets.
    	For more information on pneumococcal disease, visit: https://www.cdc.gov/pneumococcal/about/index.html
    	https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5666185/
    	https://www.who.int/news-room/fact-sheets/detail/pneumonia
    	Before these vaccines, 85 per cent of pneumococcal strains were those targeted by the vaccines. By 2014, this dropped to 33.2 per cent. This change was consistent across all nine provinces in South Africa.
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Clever clothes! Seams in clothing capture body movement | ScienceDaily
Everyday clothing may soon be able to capture and record body movements according to new research published by the Universities of Bristol and Bath.


						
Harmless low voltages are passed through conductive threads which are stitched into garment seams to create electrical circuits. Their resistance changes with the movement of the wearer's body. The work opens up new possibilities to make digital clothing which senses and captures movements much more accurately than is possible using current phones and smart watches.

The paper, presented at the Designing Interactive Systems (DIS) conference in Copenhagen today (3 July), lays the foundations for e-textile designers and clothing manufacturers to create cutting edge garments that could enhance exercise, physiotherapy and rehabilitation.

Professor Mike Fraser of the University of Bristol's School of Computer Science commented: "We're excited by the opportunity for clothing manufacturers to implement our designs in sleeves and other garment seams.

"We've shown that common overlocked seams in standard garment constructions can do a good job of sensing movement. The design avoids the need for a separate power source by pairing the seam with a charging coil, drawing the energy wirelessly from a mobile phone placed in the pocket.

"This means advanced motion sensing garments could be made without altering existing manufacturing processes.

"We have also shown that smartphone apps using advanced Artificial Intelligence (AI) techniques can use this movement data to match body movement to specific postures or gestures such as physiotherapeutic exercises."

The team have produced a short film for the conference illustrating how the technique works.
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High ceilings linked to poorer exam results for university students | ScienceDaily
Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.


						
New research from the University of South Australia and Deakin University has revealed a link between rooms with high ceilings and poorer examination results.

A study published in the Journal of Environmental Psychology, led by architecture and psychology-trained UniSA researcher Dr Isabella Bower in collaboration with educational psychology researcher Associate Professor Jaclyn Broadbent from Deakin University, demonstrates that building design impacts our ability to perform tasks.

Dr Bower and her team analysed data from 15,400 undergraduate students between 2011-2019 across three campuses at an Australian university, comparing students' exam results with ceiling heights of the room in which they sat the examination.

After considering individual student differences and their prior performance in coursework, they found that students had lower scores than expected when sitting exams in rooms with an elevated ceiling.

The researchers factored in the students' age, sex, time of year when sitting the examination, and whether they had prior exam experience in the courses investigated.

Dr Bower says it is difficult to identify whether this is due to the scale of the room itself, or factors such as student density or poor insulation, which in turn lead to fluctuating temperatures and air quality -- all factors that can affect the brain and body.




"These spaces are often designed for purposes other than examinations, such as gymnasiums, exhibitions, events and performances," Dr Bower says.

"The key point is that large rooms with high ceilings seem to disadvantage students and we need to understand what brain mechanisms are at play, and whether this affects all students to the same degree."

The results support experiments that Dr Bower has done using virtual reality (VR), measuring brain activity of participants exposed to different rooms, while controlling for other factors such as temperature, lighting and noise.

Using a technique called electroencephalography (EEG), where electrodes are attached to the scalp to measure brain cell communication, her team altered room sizes, while recording the brain's response. They also measured heart rate, breathing and perspiration, revealing if someone could unconsciously detect a change to the environment.

In these VR experiments, they found that simply sitting in a bigger room resulted in brain activity associated with concentrating on a difficult task. This led them to question if task performance in large spaces is reduced.

"Based on these results we were curious to apply our lab findings to a real-world dataset and see if being in a large space like a gymnasium while having to concentrate on an important task would result in a poorer performance," Dr Bower says.

"Examinations have been a key part of our education system for over 1300 years, shaping students' career paths and lives," says Assoc Prof Jaclyn Broadbent.

In Australia, many universities and schools use large indoor spaces for exams to streamline logistics and costs. It's crucial to recognise the potential impact of the physical environment on student performance and make necessary adjustments to ensure all students have an equal opportunity to succeed," she says.

"These findings will allow us to better design the buildings in which we live and work, so we can perform to the best of our ability."
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Low-dose aspirin could help prevent pregnancy complications caused by flu infections | ScienceDaily
A world-first study has found low-dose aspirin may treat flu-induced blood vessel inflammation, creating better blood flow to the placenta during pregnancy.


						
Animal studies examined whether the treatment for preeclampsia could be applied to flu infections -- and the results, according to the research team, were very promising.

Lead researcher and RMIT Post-Doctoral Research Fellow, Dr Stella Liong, said flu infections during pregnancy can resemble preeclampsia, a pregnancy complication that causes inflammation to the aorta and blood vessels.

Low-dose aspirin is commonly taken to prevent preeclampsia, as it stops the body from creating chemicals that cause inflammation.

"When the vascular system is inflamed, it leads to poor blood flow and affects the aorta's function," she said.

"This is especially a problem during pregnancy where good blood flow to the placenta is crucial to the development of the fetus."

The research, led by RMIT University in collaboration with Trinity College Dublin, Ireland Professor John O'Leary and University of South Australia Professor Doug Brooks, found fetuses and placenta from mice with influenza A were smaller than those from uninfected mice.




Markers of low oxygen to the blood and poor blood vessel development were also evident in the fetuses.

However, mice treated daily with low-dose aspirin had less inflammation and improved fetal development and offspring survival.

While the research was still awaiting human clinical trials, Liong said low-dose aspirin was already recognised as safe to take during pregnancy.

However, the research team recommended pregnant people seek medical advice before taking new medications.

Brooks said influenza A infections during pregnancy was a big concern as every pregnancy overlaps with part of a flu season.

"There are long term implications for both the mother and the fetus, and aspirin might provide a simple solution for preventing this influenza associated pathology," Brooks said.




Why flu infection is dangerous during pregnancy 

O'Leary said the research findings had huge implications for pregnancy and seasonal influenza virus infections for pregnant people.

"This study shines a light, for the first time, on the role of vascular inflammation associated with influenza virus and the potential dramatic effect of the disease-modifying drug aspirin, in low dosage, in pregnant women with co-morbid influenza," O'Leary said.

While there weren't many studies of the impacts of flu infections during pregnancy, project lead and RMIT Professor Stavros Selemidis said it was clear that pregnancy changed how the body responded to the virus.

Liong and Selemidis' earlier breakthrough research found the flu virus during pregnancy could trigger a damaging hyperactive immune response, causing the virus to spread around the body from the lungs through the blood vessels.

"We used to think the flu virus just stayed in the lungs, but during pregnancy it escapes from the lungs to the rest of the body," Selemidis said.

"This infection could set you up for cardiovascular disease later in life, but also set up cardiovascular disease in the offspring later in life."

While vaccination was still the considered the best way to prevent flu infection during pregnancy, Selemidis pointed out vaccination rates were generally low in the pregnant population.

"Low vaccination rates aside, the flu shot may not generate the perfect immune response, especially if someone is pregnant or has an underlying medical condition," he said.

"That's why it's useful to have a potential back up in low-dose aspirin to help prevent vascular dysfunction during pregnancy and improve fetal development."
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Drugs that kill 'zombie' cells may benefit some older women, but not all | ScienceDaily
Drugs that selectively kill senescent cells may benefit otherwise healthy older women but are not a "one-size-fits-all" remedy, Mayo Clinic researchers have found. Specifically, these drugs may only benefit people with a high number of senescent cells, according to findings publishing July 2 in Nature Medicine.


						
Senescent cells are malfunctioning cells in the body that lapse into a state of dormancy. These cells, also known as "zombie cells," can't divide but can drive chronic inflammation and tissue dysfunction linked to aging and chronic diseases. Senolytic drugs clear tissues of senescent cells.

In the 20-week, phase 2 randomized controlled trial, 60 healthy women past menopause intermittently received a senolytic combination composed of FDA-approved dasatinib and quercetin, a natural product found in some foods. It is the first randomized controlled trial of intermittent senolytic treatment in healthy aging women, and the investigators used bone metabolism as a marker for efficacy.

Researchers found that this combination, known as D+Q, had beneficial effects on bone formation but did not reduce bone resorption or the breakdown and removal of bone tissue. Furthermore, D+Q mainly benefited people with evidence of a high number of senescent cells. This group had more robust increases in bone formation, decreases in bone resorption, and an increase in bone mineral density at the wrist.

"Our findings argue against what many people are already doing -- using commercial products like quercetin or related compounds like fisetin that may show some senolytic properties," says senior author Sundeep Khosla, M.D., an endocrinologist at Mayo Clinic in Rochester, Minnesota. "They're using them as anti-aging agents without knowing if they have high enough senescent cell numbers to benefit, or what dose or dosing regimen is needed to be effective yet safe."

Dr. Khosla says more research is needed to better identify people who may benefit from senolytic treatments and to develop more specific and potent senolytic drugs that may show efficacy in more people. People who have experienced "accelerated aging" -- such as cancer survivors after chemotherapy, or those with progeroid syndromes -- may have increased numbers of senescent cells.

Besides their application to aging, senolytic drugs may be useful against certain diseases, such as idiopathic pulmonary fibrosis, dementia, diabetes, heart disease and others, Dr. Khosla says. However, these drugs will likely need to be customized according to their potency and the amounts of senescent cells in the diseased tissues.

The study was supported by National Institutes of Health grant nos. R21 AG065868, P01 AG062413, R01 AG 076515, R01 DK128552, R01 AG055529, R37 AG13925 and R33 AG61456.

Co-authors are Joshua Farr, Ph.D., Elizabeth Atkinson, Sara Achenbach, Tammie Volkman, Amanda Tweed, Stephanie Vos, Ming Ruan, Jad Sfeir, M.D., Matthew Drake, M.D., Ph.D., Dominik Saul, M.D., Madison Doolittle, Ph.D., Irina Bancos, M.D., Kai Yu, M.D., Tamara Tchkonia, Ph.D., Nathan LeBrasseur, Ph.D., James Kirkland, M.D., Ph.D., and David Monroe, Ph.D.

Drs. LeBrasseur, Tchkonia and Kirkland have financial interests related to this research, including Mayo Clinic patents and pending patents covering senolytic drugs and their uses. The remaining authors declare no competing interests.
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Using visible light to make pharmaceutical building blocks | ScienceDaily
University of Michigan chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals.


						
The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team led by University of Michigan chemist Corinna Schindler has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst. Their results are published in the journal Science.

Approximately 60% of pharmaceutical drugs contain building blocks in the form of compounds called nitrogen heterocycles. Nitrogen heterocycles are structures of atoms organized in a ring that contain at least one nitrogen atom, the most common of which have five- and six-membered ring systems. These systems are often used as building blocks in pharmaceuticals.

"These building blocks are very accessible and you can put them together like Legos to build compounds that we can then use for chemical or medicinal testing. But the problem is that a lot of these five or six membered ring systems are not as stable as you'd want them to be," Schindler said.

"The ring systems can break down in the body after a patient has ingested a therapeutic drug. Because the compound can be metabolized by the human body, what you give initially to a patient may not necessarily be what you would find in the body after the patient has taken it, and that is a problem."

Instead, researchers suggest using monocyclic azetidines, a more stable four-membered ring system. But, says Emily Wearing, lead author of the study who recently earned her doctorate from Schindler's lab, the key reactions chemists use to produce azetidines have specific challenges.

The reactions either can't be widely applied or they only produce azetidines with specific substitution patterns. Researchers want to produce azetidines with different substitution patterns because this allows researchers to try a variety of the molecule as building blocks in drug synthesis and drug screening.




Further, the U-M researchers used a method called a [2+2]-cycloaddition to create monocyclic azetidines. This method usually requires photoexcitation, or the excitation of atoms or molecules in a compound through the absorption of energy, according to Schindler. In other words, the reaction needs light.

In the reaction, the researchers used two classes of compounds called acyclic imines and alkenes, which are highly desirable as starting materials because they can be easily varied to produce different products, Wearing says. However, when you use light to excite the imine, the acyclic imine decays from the excited state before it can undergo the cycloaddition, Schindler says.

Previously, there has been a successful example of this reaction, Wearing says, but it used ultraviolet light, which presents safety challenges, and it used different imines and alkenes.

"This also means access to these highly desirable monocyclic azetidine building blocks is much more limited using this approach," Wearing said. "The use of visible light versus UV light is an important benefit, but our key discovery was being able to use a visible light approach to produce monocyclic azetidines."

Their method uses visible light and a photocatalyst to allow access to the required excited state intermediates in what's called an aza Paterno-Buchi reaction. To determine exactly why the reaction worked, Schindler's lab teamed up with the lab of Heather Kulik, associate professor of chemical engineering at the Massachusetts Institute of Technology.

Her lab ran a computational analysis that found using specific classes of the imines and alkenes starting materials would facilitate a better match in energy between those starting materials, which lowered the barrier for reaction. They also analyzed what factors led to high yields of azetidines.




When researchers develop a new reaction like this, they also need to show that it can work for many combinations of substrates, according to Seren Parikh, a graduate student in Schindler's lab. He and postdoctoral research fellow Yu-Cheng Yeh showed that the team's reaction could work on multiple versions of imine and alkene compounds.

"Someone might show that a new reaction works, but if it only works on a single compound, it is not useful to anyone because pharmaceutical companies are likely wanting to use the reaction on their unique compound," Parikh said. "What we can do is show that the reaction works on a diverse range of substrates to essentially prove that the reaction is worth the pharmaceutical company's time to try."

Parikh and Yeh were able to show that they could produce six biologically relevant azetidine compounds, including using the reaction to attach an azetidine to an estrogen derivative, a natural steroid in the human body. Yeh also used this method to synthesize analogues of penaresidin B, which has been shown to be toxic to tumor cells. This is the first total synthesis of this natural product using the [2+2]-cycloaddition

"The synthesis of these azetidine compounds are examples to demonstrate that this synthetic methodology can be applied to make complicated molecules and medicine-like molecules," Yeh said.

Understanding what makes this chemical reaction work will allow the group and the field of medicinal chemistry to design related reactions in the future. New work can build upon this design principle to access other azetidines to be incorporated into new pharmaceuticals, Schindler says.

"Now we can access these types of building blocks that people have wanted for a long time, but couldn't directly access," she said. "The process we have developed can now be used in the future as basically a blueprint for future reaction development."
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UV radiation damage leads to ribosome roadblocks, causing early skin cell death | ScienceDaily
In a recent study, researchers at Johns Hopkins Medicine suggest the cell's messenger RNA (mRNA) -- the major translator and regulator of genetic material -- along with a critical protein called ZAK, spur the cell's initial response to UV radiation damage and play a critical role in whether the cell lives or dies.


						
While UV radiation has long been known to damage DNA, it also damages mRNA, and the latest findings, published June 5 in Cell, indicate that mRNAs act as first responders in telling the cells how to manage the stress.

"RNA is a canary in the coal mine. It's telling the cell, 'We've got major damage here and we need to do something,'" says Rachel Green, Ph.D., a Bloomberg Distinguished Professor of Molecular Biology and Genetics and Daniel Nathans Director of the Department of Molecular Biology and Genetics at the Johns Hopkins University School of Medicine. Green, also an investigator at Howard Hughes Medical Institute, is the corresponding author of the new study.

ZAK is a key player in a process that identifies cellular damage by sensing the collisions of ribosomes, tiny macromolecular machines that help RNA translate the language of genes into the language of proteins. Collisions occur when ribosomes move along UV-damaged mRNAs and, unable to decode the damaged message, cause stalled ribosomes to get "rear-ended" by upstream ribosomes. Ribosome collisions activate ZAK, which triggers a cellular signaling program known as the ribotoxic stress response. ZAK then instigates a cascade of downstream events that decide the cell's fate.

A more comprehensive understanding of how cellular life-and-death decisions are made upon encountering UV radiation could help investigators understand underlying causes of skin and other cancers, says Niladri Sinha, Ph.D., Jane Coffin Childs Memorial Fund Postdoctoral Fellow at Johns Hopkins School of Medicine. Companies developing drugs that target ribosomes may also find that ZAK could be a driver of cell death across cancer types, he says.

The findings indicate that ZAK senses the extent of cellular damage and responds depending on how much UV radiation the cell receives, offering a more nuanced understanding of UV-caused cell death and identifying new ways to keep ZAK's activity under control, Green says.

"There are graded ways that ZAK responds, it's not all or nothing," she says.




The research also "very clearly shows" that, for example, a skin cell's fate in the immediate aftermath of UV radiation is "driven primarily by the extent of colliding ribosomes and ZAK signaling," Green says.

"In this regime, DNA damage and the well-characterized DNA damage response pathway, including the key protein p53, do not significantly determine cell fate decisions," she says.

DNA damage repair is critical and occurs in a subset of cells that are copying their genetic material, but these pathways are not the major "deciders" of cell fate, she says.

Green co-led the research with Sergi Regot, Ph.D., associate professor of molecular biology and genetics at the Johns Hopkins University School of Medicine, and Alban Ordureau, Ph.D., assistant member of the Cell Biology Program at Memorial Sloan Kettering Cancer Center's Sloan Kettering Institute and an assistant professor at Weill Cornell.

To conduct their research, the scientists exposed human cellular models to a UV lamp mimicking the sun's radiation. Using proteomics to understand cell signaling in an approach led by Ordureau, they evaluated ZAK's role and made predictions about how cells would respond to different levels of stress. From there, live cell imaging experiments led by Regot, in addition to in-house ribosome biochemistry -- the workhorse of Green's laboratory -- helped characterize how cellular death is regulated as a consequence of ZAK-mediated UV radiation.

In the future, the researchers plan to investigate cell types with different protein synthesis regimes, including those in melanoma and other cancers. The researchers suspect that fast-growing cells will rely on ZAK-mediated regulation more than others, Green says.

Funding for this research was provided by the Howard Hughes Medical Institute, the National Institutes of Health (NIH 1R35GM133499), a National Science Foundation Career grant, the Jane Coffin Childs Memorial Fund for Medical Research Fellowship, and the National Institute of General Medical Sciences, Sloan Kettering Institute startup funds, Pew Charitable Trusts, a Memorial Sloan Kettering Cancer Center support grant, and the Basic Science Research Program from the National Research Foundation of Korea; Ministry of Education.

Other scientists who contributed to this study are Connor McKenney, Zhong Y. Yeow, and Jeffrey J. Li of Johns Hopkins; Ki Hong Nam of Memorial Sloan Kettering Cancer Center's Sloan Kettering Institute; and Tomer M. Yaron-Barir, Jared L. Johnson, Emily M. Huntsman and Lewis C. Cantley of Weill Cornell Medicine.

Green is a member of the scientific advisory board of Alltrna, Initial Therapeutics and Arrakis Pharmaceuticals, consults for Vertex Pharmaceuticals, Bristol-Myers Squibb (Celgene), Monta Rosa Therapeutics and Flagship Pioneering, and served on the scientific advisory board at Moderna.
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Advancing toward a preventative HIV vaccine | ScienceDaily
A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a "swarm" of viral strains existing in a single body. But scientists at Scripps Research; IAVI; the Ragon Institute of Mass General, MIT, and Harvard; La Jolla Institute for Immunology; and additional institutions have conducted a series of preclinical trials indicating that they're potentially closer to an immunization regimen than ever before -- one that could produce rare antibodies that would be effective against a wide range of HIV strains.


						
Published in Science, Science Immunology, and Science Translation Medicine on May 16, 2024, the findings are outlined in four individual papers and build on a 2022 phase I clinical trial conducted by the nonprofit scientific research organization IAVI. The findings represent a key step forward in an immunization strategy that could protect against the virus.

"All in all, these studies show that we have a good chance at creating an effective HIV vaccine -- we just need to keep iterating and build on these findings in future clinical trials," says co-senior author of all four studies, William Schief, PhD, who is also a Scripps Research professor; vice president for antigen design and selection, Infectious Disease Research, at Moderna, Inc.; and executive director of vaccine design at IAVI's Neutralizing Antibody Center.

The HIV vaccine strategy involves stimulating the body to produce mature broadly neutralizing antibodies (bnAbs). bnAbs are among the immune system's key players in fighting HIV, since they can block many variants of the virus. The problem is that bnAbs produced by the human body are rare. The IAVI trial, spearheaded in part by Schief, focused on inducing the immune cells that could eventually evolve into the right bnAbs -- ones that could protect host cells from multiple HIV strains. These precursor immune cells, known as B cells, were stimulated with the help of a priming immunogen -- a customized molecule to "prime" the immune system and elicit responses from the correct precursor cells.

But the primer also requires additional "booster" immunogens to coax the immune system into producing not just precursor cells, but coveted VRC01-class bnAbs -- a rare and specific class of antibodies known to neutralize more than 90 percent of diverse HIV strains. Boosters are also needed for the production of BG18 -- another important bnAb class that binds to sugars on the HIV spike protein. That's where the new studies come in: Researchers developed immunization regimens that could prime either VRC01 or BG18 precursors, and subsequently boost those precursors further down the path toward becoming bnAbs.

"The results contained in these papers are deeply exciting and further support the germline-targeting strategy to HIV vaccine development that IAVI and our partners are pursuing," says Mark Feinberg, MD, PhD, president and CEO of IAVI. "We look forward to continuing our collaboration with Scripps Research and partners to advance further research building on these promising findings."

This groundbreaking science is enabled by collaboration between scientific institutions and funding partners. Without the ongoing, critical support of the Scripps Consortium for HIV/AIDS Vaccine Development (CHAVD), the Collaboration for AIDS Vaccine Discovery (CAVD), the Bill & Melinda Gates Foundation, and Moderna (the manufacturer of the mRNA used in these studies), this research would not have been possible.




Priming rare antibodies

In the first study, which focused on BG18, Scripps Research scientists collaborated with co-senior authors Shane Crotty, PhD, chief scientific officer at La Jolla Institute for Immunology, and Devin Sok, PhD, former vice president, discovery and innovation at IAVI. Using a priming immunogen, they consistently primed exceptionally rare BG18 precursors in a wild-type animal model.

To confirm they were able to prime the correct precursors, the researchers then teamed up with Andrew Ward, PhD, Scripps Research integrative structural and computational biology professor and co-senior author of the study. Using cryo-EM structural analysis, they validated that the antibodies were indeed part of the BG18 class.

"The fact that priming worked well in macaques suggests that it has a good chance of succeeding in humans," says co-first author, Jon Steichen, PhD, an institute investigator in the Department of Immunology and Microbiology at Scripps Research.

Steichen was also co-first author on a second study, in which mice were modified to produce a low frequency of BG18 precursors. Scripps Research and IAVI scientists, along with the team of co-senior author Facundo Batista, PhD, associate director and scientific director of the Ragon Institute of MGH, MIT, and Harvard, used priming methods similar to the ones used in the first paper. However, a key difference was that this time, they also administered one of two boost immunogens using RNA technology. This resulted in boosting the primed B cells to adapt to recognize more native-like versions of HIV.

"This study showed that we can start to walk the B cells along toward bnAb development," Steichen explains.




Supercharging the immune system into action

For the third study, Schief and his team worked with IAVI scientists, wherein they primed a mouse model with the same immunogen used in the 2022 IAVI clinical trial. This resulted in mice that produced VRC01-class precursor B cells similar to those found in people. But the researchers also designed a new booster immunogen to drive the antibody response toward becoming matured bnAbs -- the next vital step in a sequential immunization series that could effectively fight HIV. The results: a "prime-boost" regimen that can drive VRC01-class B cells toward bnAb development.

"The findings demonstrate that we are able to make the antibody responses go in the right direction using this heterologous booster, which administers a different version of the vaccine than was given previously," says Christopher Cottrell, PhD, a senior staff scientist at Scripps Research who was the first co-author on this study.

Understanding the immunology

In the fourth and final study, on which Cottrell was also a co-first author, the team worked again with Batista's team at the Ragon Institute and used the same immunogens -- but in a different mouse model where his team could control the frequency of bnAb precursors that were modified to be similar to those found in humans. This allowed the researchers to take a deeper dive into the immunology associated with HIV vaccination by examining the germinal centers -- specialized microstructures in the body that protect against viral reinfection. Germinal centers provide B cells with a space to rapidly increase and mutate their antibody genes, ultimately helping the immune system fight off viral strains.

In addition, the researchers examined how germinal centers accumulate HIV mutations over time. They found that a prime-boost regimen increased precursor B-cell activity in germinal centers across different lineages, which could eventually lead to an increase in matured VRC01-class bnAbs.

What's next

Overall, all four papers confirm that the priming step to turn on the right bnAb precursors is possible when it comes to developing an HIV vaccine. Three of those papers specifically demonstrate that it's also possible to guide antibody precursors toward becoming bnAbs that can fight HIV.

"Taken together, the findings give us more confidence that we're able to prime precursors from multiple bnAb targets, and they also show that we're starting to learn the rules for how to advance precursor maturation through heterologous boosting," Schief added.

Following these results, the researchers are advancing phase 1, experimental medicine trials for both the VRC01 and BG18 projects. Vaccines aiming to prime and boost VRC01-class antibodies are being further evaluated in two clinical trials run by IAVI, IAVI G002 and IAVI G003, and a vaccine to prime BG18-class responses is being evaluated in HVTN144. These studies use both adjuvanted protein immunizations (IAVI G001 and HVTN144) and mRNA delivery (IAVI G002 and G003).

The results of these studies will guide the critical next steps on the discovery path to an HIV vaccine.
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Genetic study points to oxytocin as possible treatment for obesity and postnatal depression | ScienceDaily
Scientists have identified a gene which, when missing or impaired, can cause obesity, behavioural problems and, in mothers, postnatal depression. The discovery, reported today in Cell, may have wider implications for the treatment of postnatal depression, with a study in mice suggesting that oxytocin may alleviate symptoms.


						
Obesity and postnatal depression are significant global health problems. Postnatal depression affects more than one in 10 women within a year of giving birth and is linked to an increased risk of suicide, which accounts for as many as one in five maternal deaths in high income countries. Meanwhile, obesity has more than doubled in adults since 1990 and quadrupled in adolescents, according to the World Health Organization.

While investigating two boys from different families with severe obesity, anxiety, autism, and behavioural problems triggered by sounds or smells, a team led by scientists at the University of Cambridge, UK, and Baylor College of Medicine, Houston, USA, discovered that the boys were missing a single gene, known as TRPC5, which sits on the X chromosome.

Further investigation revealed that both boys inherited the gene deletion from their mothers, who were missing the gene on one of their X chromosomes. The mothers also had obesity, but in addition had experienced postnatal depression.

To test if it was the TRPC5 gene that was causing the problems in the boys and their mothers, the researchers turned to animal models, genetically-engineering mice with a defective version of the gene (Trpc5 in mice).

Male mice with this defective gene displayed the same problems as the boys, including weight gain, anxiety, a dislike of social interactions, and aggressive behaviour. Female mice displayed the same behaviours, but when they became mothers, they also displayed depressive behaviour and impaired maternal care. Interestingly, male mice and female mice who were not mothers but carried the mutation did not show depression-like behaviour.

Dr Yong Xu, Associate Director for Basic Sciences at the USDA/ARS Children's Nutrition Research Center at Baylor College of Medicine, said: "What we saw in those mice was quite remarkable. They displayed very similar behaviours to those seen in people missing the TRPC5 gene, which in mothers included signs of depression and a difficulty caring for their babies. This shows us that this gene is causing these behaviours."

TRPC5 is one of a family of genes that are involved in detecting sensory signals, such as heat, taste and touch. This particular gene acts on a pathway in the hypothalamus region of the brain, where it is known to control appetite.




When the researchers looked in more detail at this brain region, they discovered that TRPC5 acts on oxytocin neurons -- nerve cells that produce the hormone oxytocin, often nicknamed the 'love hormone' because of its release in response to displays of affection, emotion and bonding.

Deleting the gene from these oxytocin neurons led to otherwise healthy mice showing similar signs of anxiety, overeating and impaired sociability, and, in the case of mothers, postnatal depression. Restoring the gene in these neurons reduced body weight and symptoms of anxiety and postnatal depression.

In addition to acting on oxytocin neurons, the team showed that TRPC5 also acts on so-called POMC neurons, which have been known for some time to play an important role in regulating weight. Children in whom the POMC gene is not working properly often have an insatiable appetite and gain weight from an early age.

Professor Sadaf Farooqi from the Institute of Metabolic Science at the University of Cambridge said: "There's a reason why people lacking TRPC5 develop all of these conditions. We've known for a long time that the hypothalamus plays a key role in regulating 'instinctive behaviours' -- which enable humans and animals to survive -- such as looking for food, social interaction, the flight or fight response, and caring for their infants. Our work shows that TRPC5 acts on oxytocin neurons in the hypothalamus to play a critical role in regulating our instincts."

While deletions of the TRPC5 gene are rare, an analysis of DNA samples from around 500,000 individuals in UK Biobank revealed 369 people -- around three-quarters of whom were women -- that carried variants of the gene and had a higher-than-average body mass index.

The researchers say their findings suggests that restoring oxytocin could help treat people with missing or defective TRPC5 genes, and potentially mothers experiencing postnatal depression.




Professor Farooqi said: "While some genetic conditions such as TRPC5 deficiency are very rare, they teach us important lessons about how the body works. In this instance, we have made a breakthrough in understanding postnatal depression, a serious health problem about which very little is known despite many decades of research. And importantly, it may point to oxytocin as a possible treatment for some mothers with this condition."

There is already evidence in animals that the oxytocin system is involved in both depression and in maternal care and there have been small trials into the use of oxytocin as a treatment. The team say their work provides direct proof of oxytocin's role, which will be crucial in supporting bigger, multi-centre trials.

Professor Farooqi added: "This research reminds us that many behaviours which we assume are entirely under our control have a strong basis in biology, whether that's our eating behaviour, anxiety or postnatal depression. We need to be more understanding and sympathetic towards people who suffer with these conditions."

This work was supported by Wellcome, the National Institute for Health and Care Research (NIHR), NIHR Cambridge Biomedical Research Centre, Botnar Fondation and Bernard Wolfe Health Neuroscience Endowment.
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Systematic biases at play in clinical trials | ScienceDaily
Randomized controlled trials, or RCTs, are believed to be the best way to study the safety and efficacy of new treatments in clinical research. However, a recent study from Michigan State University found that people of color and white women are significantly underrepresented in RCTs due to systematic biases.


						
The study, published in the Journal of Ethnicity in Substance Abuse, reviewed 18 RCTs conducted over the last 15 years that tested treatments for post-traumatic stress and alcohol use disorder. The researchers found that despite women having double the rates of post-traumatic stress and alcohol use disorder than men, and people of color having worse chronicity than white people, most participants were white (59.5%) and male (about 78%).

"Because RCTs are the gold standard for treatment studies and drug trials, we rarely ask the important questions about their limitations and failings," said Nicole Buchanan, co-author of the study and professor in MSU's Department of Psychology. "For RCTs to meet their full potential, investigators need to fix barriers to inclusion. Increasing representation in RCTs is not simply an issue for equity, but it is also essential to enhancing the quality of our science and meeting the needs of the public that funds these studies through their hard-earned tax dollars."

The researchers found that the design and implementation of the randomized controlled trials contributed to the lack of representation of people of color and women. This happened because trials were conducted in areas where white men were the majority demographic group and study samples almost always reflected the demographic makeup where studies occurred. Additionally, those designing the studies seldom acknowledged race or gender differences, meaning they did not intentionally recruit diverse samples.

Furthermore, the journals publishing these studies did not have regulations requiring sample diversity, equity or inclusion as appropriate to the conditions under investigation.

"Marginalized groups have unique experiences from privileged groups, and when marginalized groups are poorly included in research, we remain in the dark about their experiences, insights, needs and strengths," said Mallet Reid, co-author of the study and doctoral candidate in MSU's Department of Psychology. "This means that clinicians and researchers may unknowinglyremain ignorant to how to attend to the trauma and addiction challenges facing marginalized groups and may unwittingly perpetuate microaggressions against marginalized groups in clinical settings or fail to meet their needs."
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Potential new target for early treatment of Alzheimer's disease | ScienceDaily
A class of proteins that regulates cell repair and enhances cell growth-signaling systems could be a promising new target for the treatment of Alzheimer's and other neurodegenerative diseases, according to a new study led by researchers at Penn State. They found that disrupting necessary sugar modifications of these proteins promotes cell repair and reverses cellular abnormalities that occur in neurodegenerative diseases.


						
The study appeared today (July 2) in the journal iScience, and the researchers have a patent related to this work.

"Strategies to treat Alzheimer's disease to date have largely focused on pathological changes prominent in the late stages of the disease," said Scott Selleck, professor of biochemistry and molecular biology in the Penn State Eberly College of Science and leader of the research team. "Although recently [U.S. Food and Drug Administration]-approved drugs have shown the ability to modestly slow the disease by targeting one of these changes, amyloid accumulation, drugs that affect the earliest cellular deficits might provide important tools to stop or reverse the disease process. We are interested in understanding the earliest cellular changes that are found not only in Alzheimer's, but shared across other neurodegenerative diseases, including Parkinson's and amyotrophic lateral sclerosis (ALS)."

Roughly 6.9 million Americans over the age of 65 are estimated to be living with Alzheimer's disease, according to the Alzheimer's Association. Despite its widespread impact, there is no agreed upon biological cause or mechanism for the disease. Cell-signaling molecules called heparan sulfate-modified proteins have been implicated in the development of Alzheimer's, but their specific role has remained unclear, Selleck said. In this study, the research team first performed a series of analyses in human cell lines and mouse brain cells that express aspects of Alzheimer's, showing that these proteins regulate cellular processes known to be affected in several neurodegenerative diseases.

Heparan sulfate-modified proteins are found both on the surface of animal cells and in the matrix between cells. This class of proteins are named for a sugar polymer that bears many sulfate groups, called heparan sulfate. Heparan sulfate chains are attached to specific proteins, and this modification allows these proteins to assemble signaling complexes that affect cell growth and influence how the cell interacts with its environment. These signaling pathways also regulate autophagy, a process of cell repair that clears out damaged or dysfunctional components in the cell.

"In the early stages of several neurodegenerative diseases, autophagy is compromised, which means cells have a reduced repair capacity," Selleck said. "In this study, we determined that heparan sulfate-modified proteins suppress autophagy-dependent cell repair. What's more, we show that by compromising the structure and function of the sugar modifications of these proteins, the levels of autophagy increase so cells can take care of damage."

The researchers found that, in human and mouse cells, reducing the function of heparan sulfate-modified proteins also rescued other pathologies that arise early in neurodegenerative diseases, improving the function of mitochondria -- which are responsible for energy production in the cell -- and reducing build-up of lipids, or fatty compounds, inside cells.




The researchers then evaluated the role of heparan sulfate-modified proteins in an animal model of Alzheimer's, a fruit fly with deficits in a presenilin protein. Presenilin mutations cause early onset disease in humans and likewise in fruit flies; defective presenilin causes cell death and brain degeneration. In flies with deficits in presenilin, reducing the function of heparan sulfate chains suppressed the death of neurons and corrected other cell defects as well. These results are directly relevant to recent human genetics research, the researchers said.

"Individuals with mutations in a presenilin gene, PSEN1, develop Alzheimer's in their mid-40s. But if they also inherit a rare genetic change in a specific protein called APOE, the disease is delayed, sometimes by decades," Selleck said, explaining that APOE plays an important role in lipid transport and binds to heparan sulfate. "This change in APOE -- which has been in the news lately -- greatly reduces APOE binding to heparan sulfate. Our work builds on and extends these findings, directly implicating heparan sulfate in Alzheimer's pathology involving both PSEN1 and APOE. Targeting the enzymes that make heparan sulfate could provide a means of blocking neurodegeneration in humans."

Collectively, these results show that disrupting the structure of heparan sulfate modifications, blocks or reverses early cellular problems in these models of Alzheimer's.

"We save the animal from neuron cell loss, mitochondrial defects and rescue behavior deficits that serve as a measure of nervous system function," Selleck said. "These findings suggest a promising target for future treatments that could rescue the earliest abnormalities that occur in many neurodegenerative diseases."

The researchers also explored how gene expression changed when they eliminated the capacity of human cells to make heparan sulfate chains. They found that expression levels of more than 50% of approximately 70 genes known to be associated with late-onset Alzheimer's disease were modulated, including APOE, suggesting a link between heparan sulfate-modified proteins and the more common and late onset forms of Alzheimer's disease.

"There is a critical need to focus on cellular changes that occur at the earliest times in disease progression and develop treatments that block or reverse them," Selleck said. "We demonstrate that reduced autophagy, mitochondrial defects and lipid build-up -- all common changes in neurodegenerative disease -- can be blocked by altering one class of proteins, those with heparan sulfate modifications. We think these molecules are promising targets for drug development."

The researchers suspect that disrupting this pathway to promote cell repair systems could be important for a wide variety of other diseases where autophagy defects occur.




"The applications of manipulating this pathway may be broadly useful across a number of human medical conditions," Selleck said.

The research team at Penn State also includes co-authors Nicholas Schultheis, doctoral student in the Biochemistry, Microbiology and Molecular Biology program; Alyssa Connell, research assistant; and Richard Mueller, Alexander Kapral, Robert Becker, Shalini Shah, Mackenzie O'Donnell, Matthew Roseman, Lindsey Swanson and Sophia DeGuara, all undergraduate students. Contributions were also made by researcher Weihua Wang and Associate Professor of Pharmacology Fei Yin at the University of Arizona and graduate student Tripti Saini and Assistant Professor of Biochemistry and Molecular Biology Ryan Weiss at the University of Georgia.

Funding from the National Institutes of Health and the Penn State Eberly College of Science supported this research.
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Serendipity reveals new method to fight cancer with T cells | ScienceDaily
A promising therapy that treats blood cancers by harnessing the power of the immune system to target and destroy cancer cells could now treat solid tumors more efficiently. Thanks to a recent study published in Molecular Therapy -- Methods & Clinical Development from Dan Cappabianca and Krishanu Saha at the Wisconsin Institute for Discovery, Chimeric Antigen Receptor (CAR) T-cell therapy can be improved by altering the conditions the T cells are grown in. And it was all discovered by chance.


						
T cells are white blood cells crucial for the immune system's response to infections and cancer. They can be modified with CRISPR/Cas9 genome editing technology to express a specific receptor that redirects their natural "killing instincts" toward targeting cancer cells, specifically those in tumors. T cells can "remember" a pathogen after first exposure, allowing a quicker and stronger response if encountered again, like how vaccines train the immune system to recognize and fight off specific pathogens.

But for the cells to be used as a robust cancer treatment, they must be made in specific conditions in the lab.

"We were comparing two distinct T-cell media formulations with varying nutrient levels," explains Cappabianca. "Interestingly, our breakthrough came entirely by chance. I inadvertently placed the cells in the wrong medium, which unexpectedly became the focal point of my entire thesis!" In the body, T cells develop from stem cells in the bone marrow. In the lab, researchers activate the T cells in a nutrient-deficient medium with low concentrations of glucose and glutamine which the cells need for energy. Then they move them to a high-nutrient medium. The first step stresses the cells and triggers specific processes that can enhance their ability to target tumors, promote the formation of T memory cells, and select the more resilient cells that can survive with such low levels of energy. The second step supports rapid growth and T cell multiplication.

The result of this "metabolic priming" was that treated cells retained their stem cell-like qualities, thus enhancing their ability to kill cancer cells, transform into durable memory cells, and survive longer in the body.

"We discovered that by briefly restricting sugar exposure, akin to a three-day 'keto diet,' our T cells showed reduced maturity at the end of the manufacturing process. The less mature they are when reinfused into a patient, the longer they live fighting cancer," says Cappabianca.

The two-step process also appeared to help with cell memory. In CAR T-cell therapy, boosting these memory properties helps T cells better recognize and combat cancer over time.

In recent studies using T cells grown with the lab's new approach, 63% of patients experienced a partial or complete reduction in tumors for a time. That's an improvement from clinical trials using CAR T cells that were not grown with the lab's two-step process where just 15% of patients experienced a partial or complete reduction in tumors after treatment.

More research is needed to understand the key factors that help these CAR T cells live longer and become effective against solid tumors. Looking ahead, researchers hope that this process of "metabolically priming" these specific kinds of CAR T cells can be adapted for large-scale manufacturing with the ultimate goal of treating patients within the next few years.

"A famous aphorism by French chemist, Louis Pasteur is that 'chance favors only the prepared mind,'" says Saha. "Our unplanned media switch -- really by chance -- led us on a new path of discovery."
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Study explores what motivates people to watch footage of disasters and extreme weather | ScienceDaily
Extreme weather events such as hurricanes and storms have increased in both frequency and severity in recent years.


						
With that has come heightened public interest, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord.

Now, a new study conducted at the University of Plymouth has for the first time analysed what might be motivating people to watch these streams -- in some instances for up to 12 hours at a time.

The research centred around the live-streaming of three events -- Hurricane Irma in 2017, Hurricane Ian in 2022, and Storms Dudley, Eunice and Franklin in 2022.

Through a detailed analysis of viewers' comments, it was found that people in affected areas were using streams to discuss official government risk advice they had received -- for example, about whether to evacuate.

Others were drawn to the streams because they had a previous connection to the affected region. For these people, watching live footage -- which included taking time to share messages of 'hope' for the hurricane or storm to pass without destruction -- was a way of showing support to places and people impacted by the event.

The research was published in the journal Environmental Hazards and conducted by Dr Simon Dickinson, Lecturer in Geohazards and Risk in the University's School of Geography, Earth and Environmental Sciences.




He said: "When dramatic things happen -- whether that relates to extreme weather or events like tornados or volcanoes erupting -- people flock to watch. You might assume that this is just a form of online 'rubber-necking, and that people are naturally drawn to spectacular sights. However, this study has shown that the drivers to watch extreme weather footage are more complex. Live-streams provide the opportunity for people in, close to, and far away from the event to interact in real time. The footage becomes a marker that people use to sense-check their understandings of how significant the event is, how hazards work, and as an online gathering point to share experiences of similar events. It is a fascinating insight into human behaviour that has previously been unexplored."

The research focused on nine live-streams of the 2017 and 2022 hurricanes and storms, which broadcast a total of 65 hours of video footage watched by more than 1.8 million people.

During that time, over 14,300 comments were left by 5,000 unique accounts, a reflection of the fact that footage focused on unfolding events of national or global importance generate higher-than-normal audience engagement.

Many of the streams were already existing webcam channels that were repurposed during the hurricane or storm, such as webcams that streamed beach or port conditions. In some instances, affected people streamed live-footage from their own house security or doorbell cameras.

The study demonstrates that people are keen to learn more about the science behind what is happening, highlighting the need for further work that examines how people are using new technologies to make sense of hazard risk.

Dr Dickinson added: "Although scientists are getting better at communicating risk, people are far more likely to discuss hazards in informal and relatively unmoderated settings. Moments of extreme weather are important because they focus people's attention and generate discussion about hazards, how they work, and how they will increasingly affect us in future. New digital practices -- such as live-streaming -- are thus important for us to understand because they're not just spaces of disaster voyeurism. Rather, they're spaces of learning, community and emotional support in a world that can feel increasingly volatile."
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'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness | ScienceDaily
A new study published this week shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.


						
In Australia, more than 500,000 employees sustain injuries or illnesses relating to work and in 60% of cases, this requires time off work. That equates to around $30 billion, equivalent to the annual output of Australia's agricultural sector.

In Canada, their annual costs are equivalent (CAD $29.4 billion); the United Kingdom comes in at GBP PS18.8 billion each year and across the European Union (EU), a staggering EU467 billion a year.

New research published in Safety Science reveals that companies that offer healthy working conditions to employees, including supportive relationships with supervisors, valuing skills and job autonomy, and minimising work stress, report far fewer days lost per workers' compensation claim.

Researchers from the University of South Australia's Psychosocial Safety Climate Global Observatory compared working conditions in 100 Australian organisations to 12,000 injured workers' compensation claims, identifying the root cause of delays in people returning to work after workplace-related injury or illness.

Organisations with a poor psychosocial safety climate (PSC) reported 160% more days off due to workplace injury or illness, compared to high PSC organisations (177 days vs 68 days).

Likewise, costs for the injury or illness were 104% greater in very low PSC organisations versus high PSC organisations ($67,260 vs $32,939 per employee).




"Our findings show that a healthy psychological climate in workplaces is essential if companies want to reduce working time loss and costs related to workplace injuries and illnesses," says UniSA ARC Laureate Fellow Professor Maureen Dollard.

The researchers avoided individual bias by correlating data sets at the organisational level rather than surveys with injured employees on retrospective work conditions.

"Aside from a strong PSC, the most important factors in predicting a quicker return to work included how satisfying and rewarding their job was, how supportive their supervisor was, whether their skills were potentially adaptable, and how much autonomy they had in their role."

In Australia, during 2017-18, an estimated 563,000 people had an injury or illness related to work, representing 4.2% of the workforce. In 60% of cases, this involved taking time off work, costing the equivalent of Australia's annual agricultural output, or 1.6% of the nation's GDP.

The most common occupations featured in the claims data included nurses, police officers and personal assistants. Muscle-related injuries comprised the bulk of the claims.

"These findings provide more evidence that 'healthy' workplaces matter," says Prof Dollard. "They are not only important to our psychological health and to prevent injury to workers, but PSC is just as important following injury or illness.

"Building an organisation with strong PSC will help to reduce time lost and also cut costs through better injury prevention and management."
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Safer, swifter, smaller scar: New brain surgery approach targets difficult tumors at skull base | ScienceDaily
Tumors arising in the base of the skull are among the most difficult to remove in neurosurgery. The current treatment method is to perform surgical removal by what is known as the microscopic anterior transpetrosal approach (ATPA). Seeking to lessen the risk of damage and postoperative complications, as the skull base is densely packed with nerves, blood vessels, and other tissues, not to mention the brain stem, an Osaka Metropolitan University medical research team is taking a new approach.


						
Led by Dr. Hiroki Morisako, a lecturer in the Graduate School of Medicine's Department of Neurosurgery, and Professor Takeo Goto, who heads the department, the team has developed a minimally invasive surgical technique called a purely endoscopic subtemporal keyhole ATPA. The team members write in The Journal of Neurosurgery that this is, to their knowledge, the first time this procedure to remove lesions in the skull base region known as the petrous apex has been described in an article.

The endoscopic technique means a smaller area of the skull needs to be surgically opened compared to the microscopic approach, an average of only 11.2 cm2 versus 33.9 cm2. The risk of damage to the brain is also reduced.

The team performed 10 neurosurgeries using their method from 2022 to 2023 at Osaka Metropolitan University Hospital and compared the results to 13 surgeries using the microscopic ATPA from 2014 to 2021. In terms of operative time, the endoscopic approach reduced it noticeably, from an average of 410.9 minutes to 252.9 minutes. Similarly, blood loss lessened from a mean of 193 ml to 90 ml. The degree of tumor resection (surgical removal) was just as high as the microscopic method, while neurological functions were preserved at a rate equal to or higher than with the conventional approach.

"Comparison of the new endoscopic method and the conventional microscopic method showed no significant difference in tumor resection rate or in the ability to perform daily activities before and after surgery, with the new endoscopic approach resulting in shorter operative times and less blood loss," Professor Goto stated. "The widespread use of this surgical procedure is expected to improve the treatment results of brain tumors in the base of the skull, not only in Japan but also worldwide."
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Watching others' biased behavior unconsciously creates prejudice | ScienceDaily
We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists of the University of Amsterdam (UvA), who show for the first time that observational learning is an important mechanism of prejudice formation. Their results were published today in Science Advances.


						
David Amodio (UvA): 'What we found in our research is that prejudice can form by merely observing other people's social interactions. When an observer views a prejudiced person's interaction with a group member, they unconsciously form the same prejudice. Moreover, because observers are unaware that they picked up this bias, they go on to act with prejudice in their own behavior.'

This mechanism helps to explain how societal prejudices spread so easily, for example, through the viewing of TV programmes, YouTube or other social media where biased interactions with a certain groups takes place. By merely observing those interactions, vicariously and with no direct contact, people may take on the same prejudices.

Experiment

During the experiments, a research participant viewed interactions between an actor and members of two different groups. Across participants, the actor varied in prejudice, but the behavior of group members was always identical. When observers later interacted with the same group members, observers showed a preference in line with the actor's prejudice. Moreover, observers were unaware that they were influenced by the prejudiced actor; instead, they misperceived worse behavior from group members who interacted with a prejudiced actor, when in fact, members of both groups acted the same.

Bad behaviour

Amodio: 'A troubling implication is that, because the observer believes that their preference is based on objective evidence, they have no reason to question it or control it.'
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Understanding the synchronization of physiological states during a live music performance | ScienceDaily
Common input synchronization is a process where systems or organisms exposed to an identical input respond similarly. People listening to a concert, for example, could experience a synchronization of their emotions. "Music-induced synchronization of heart rate may be the mechanism underlying the coherent behavior of a large audience in a theater," suggests Ryota Nomura, an Associate Professor affiliated with Waseda University, Japan, while describing the mechanism. Previous studies have shown that inter-subject correlations calculated using physiological signals, including heart rate, are usually low. Studies investigating the common-input induced synchronization in different individuals suggest that the low correlation is due to weak intra-person correlation between the conscious processing and heart rate. This intra-person correlation is challenging to control directly. Hence, the current study by Dr. Nomura eliminated the individual differences in the processing by applying common input to the same individuals repeatedly.


						
Dr. Nomura has recently published this insightful study in Scientific Reports on 28 May 2024. In the study, Dr. Nomura showed that the synchronization of physical and cognitive processes is better within an individual compared to that between different individuals. The study revealed that the heart rate synchronization in response to music depends on the reliable physiological responses of the listener, not on their mood or music preferences. "This study allows us to explain the reproducibility of the aesthetic experience of the theater in terms of reliability," notes Dr. Nomura.

The study investigated the inter- and intra-subject correlations calculated using instantaneous heart rate data measured while listening to music. To estimate the effect of mood on music-induced heart rate synchronization, Dr. Nomura had participants in the study listen to the same piece of music on different days. Likewise, to quantify the influence of music preference on heart rate synchronization, he investigated whether a person listening to a piece of music selected by the researcher differed in synchronization response to a piece of music that deeply moves them when played in a randomized order.

Dr. Nomura discovered that the reliability with which a subject's heart rate responded to the music is significantly more correlated across time for a given individual, compared to the inter-subjective correlation in responses between individuals.

"The results demonstrated that inter-subject correlations were consistently lower compared to intra-subject correlations, regardless of participants' music preferences and daily moods. Further, music-induced heart rate synchronization depends on the reliability of physiological responses to musical pieces rather than mood or motivation," Dr. Nomura observes.

Overall, the study will lead to a greater understanding of collective human emotion as a way to improve the theater-going experience. By discovering what factors contribute to heart-rate synchronization and consequent emotional response, this study offers valuable clues for the success of performing arts. "From data on small audiences, for example, the degree of proficiency of performers, commercial success can be predicted in terms of reliability. This could contribute to better performances in theaters. Moreover, engineered devices that enhance reliability may facilitate synchronization of the physiological states of multiple audience members," concludes Dr. Nomura, while highlighting the implications of the study.
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A new target for treatment of one type of macular degeneration | ScienceDaily
A new study in mice hints at the promise of an eventual alternative treatment option for the "wet" version of age-related macular degeneration (AMD).


						
Researchers determined in mice that an enzyme related to cell growth and division is a culprit in the blood vessel invasion in the back of the eye that causes blurred central vision in wet AMD. Targeting the enzyme, called telomerase, with an experimental drug suppressed abnormal vascular growth in the animals' retina.

The only current treatment for wet AMD is injection into the eye of a medication that blocks the activity of a growth factor protein, called VEGF, which is also known to prompt formation of abnormal blood vessel growth in this condition.

"Anti-VEGF treatment has shortcomings -- after two years, about half of people stop responding. And patients can develop scarring under the retina," said senior study author Nagaraj Kerur, associate professor of ophthalmology and visual sciences in The Ohio State University College of Medicine.

"There is a need for better understanding of the mechanisms behind this problem, which, to me, means newer targets need to be tested."

The study was published recently in the journal Biochimica et Biophysica Acta - Molecular Basis of Disease.

Dry age-related macular degeneration constitutes about 80% of all AMD cases, and occurs when the macula, a part of the retina, gets thinner, leading to buildup of proteins and cell death, which blur a person's central vision.




Wet AMD, also known as neovascular AMD, is caused by the growth of new blood vessels that invade the retina, a space normally free of vascular activity.

"You don't want to have blood vessels there," said Kerur, who also has a faculty appointment in microbial infection and immunity at Ohio State. "And the blood vessels that invade are often not healthy -- they leak their contents and cause inflammation."

Previous cancer research has linked high activity of telomerase to rapid production and migration of cells lining blood vessels that enables tumor growth, and has also shown the enzyme can stimulate production of VEGF. Based on those findings, Kerur and colleagues sought in this study to see if telomerase could have a similar damaging effect in the eye.

A series of experiments first confirmed telomerase has a role in abnormal blood vessel formation in a mouse model of wet AMD. Researchers found that, compared to control mice, expression and activity of one of two genes carrying instructions for making telomerase were higher in the eyes of mice in which rapid growth of new blood vessels was induced with a laser.

In addition, the abnormal blood vessel response to laser injury was significantly lower in mice lacking both telomerase genes, "providing genetically clear evidence that telomerase plays a critical role in development of the disease," Kerur said.

The team then tested the effects of an experimental compound that inhibits telomerase activity. They confirmed that the drug lowered telomerase activity in healthy mice, and found that injecting it into the eyes of mice with symptoms mimicking wet AMD significantly reduced the abnormal blood vessel invasion.




Telomerase's job is to rebuild telomeres, which function as protective caps at the end of chromosomes. Telomeres are known to shorten in many types of cells as a consequence of aging, but Kerur said the study suggested localized blocking of telomerase in the eye had no bearing on the enzyme's telomere-building function.

The experimental treatment's effectiveness at curbing abnormal blood vessel growth in mice was similar to the current anti-VEGF treatment, Kerur said. But the researchers made an intriguing finding when testing both drugs at lower doses: Individually, a lower dose did not have much of a therapeutic effect, but a combination of both drugs at lower doses gave the best results of all.

"Possibly, one goal would be using a combination therapy rather than one alone," Kerur said. "But telomerase inhibition by itself can also be pursued independently, and that is the plan."

This work was supported by National Institutes of Health grants, the Ohio Lions Eye Research Foundation and a Research to Prevent Blindness grant.

Co-authors include Aman Kumar, Vinodhini Jayananthan, Asmaa Zidan, Tyler Heisler-Taylor and Shigeo Tamiya of Ohio State, and Yosuke Nagasaka and Jayakrishna Ambati of the University of Virginia.
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Too much treadmill? This could help your shin splints | ScienceDaily
Good news for all the treadmill runners who suffer from stubborn and painful shin splints: A little outdoor gait training may help, new research suggests.


						
A randomized controlled trial found that four weeks of gait training outdoors, in addition to home exercises often prescribed for shin splints, led to improved running biomechanics even when the runners were using a treadmill. These improvements included decreasing the time the runners' feet were in contact with the ground or treadmill, a recently identified contributor to shin splints.

Based on the trial results, the researchers, including UVA Health sports medicine expert David J. Hryvniak, DO, are recommending that clinicians begin including outdoor gait training as part of rehabilitation programs for patients struggling with chronic shin splints.

"This is an important finding for clinicians, as this gives us a tool to use to help these runners," said Hryvniak, a running medicine specialist who is part of UVA Health's Runner's Clinic. "These gait-training cues can be an easy thing to add into a rehab program to help patients improve running mechanics that can underlie many common running injuries."

Soothing Shin Splints

Affecting approximately 40% of all runners, shin splints typically begin as tenderness in the lower leg that goes away after exercising. But for regular runners, this pain can worsen and become persistent. In severe cases, shin splints can even lead to stress fractures.

Prior research has found that short courses of outdoor gait training can significantly reduce shin-splint pain for outdoor runners. But experts had been uncertain if these benefits would transfer to the flat, regular surface of treadmill running. That prompted an interdisciplinary team of researchers -- from UVA's College of Arts & Sciences, School of Education and School of Medicine, as well as Virginia Commonwealth University, Plymouth State University and the University of North Carolina at Chapel Hill -- to launch a randomized trial to find out if outdoor gait training would benefit treadmill users.




The researchers enrolled 17 treadmill runners between ages 18 and 45 who ran at least three times a week and who had been suffering lower leg pain during or after running for at least a month. The volunteers were randomly divided into two groups: One group received four weeks of outdoor gait training and performed commonly prescribed home strengthening exercises, while the other group only performed the home exercises.

During the gait training, participants were provided with "vibrotactile feedback" -meaning they felt a little vibration -- when special sensors in their shoes detected their feet were in contact with the ground for too long. This helped them improve their stride and gait to reduce this potential contributor to shin splints.

At the end of the study period, both groups saw strength improvements in their legs. But the gait trainers also had improved running technique, or what the researchers call "favorable adjustments in running gait mechanics." And, sure enough, these gait improvements were seen during both outdoor runs and treadmill runs.

That suggests outdoor gait training could be an important new tool to help treadmill users work up a sweat pain-free, the researchers say.

"Shin splints are a very common running injury, especially with those who are new to the sport," Hryvniak said. "These gait cues are something that have been shown to be an effective tool that patients can use literally 'on the run.'"

Support for the research was provided by a Mid-Atlantic Athletic Trainers' Association graduate student grant, a National Athletic Trainers' Association doctoral dissertation grant (1920DGP01) and a UVA School of Education and Human Development IDEA grant.
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Study finds health care providers would recommend human papillomavirus self-collection | ScienceDaily
In 2019, more than 12,000 new cases of cervical cancer were diagnosed and upwards of 4,000 patients died in the U.S. The causal link between human papillomavirus (HPV) infection and the development of cervical cancer is well documented. Cervical cancer screening guidelines are currently in the review process for updates. On May 15, 2024, the U.S. Food and Drug Administration (FDA) approved patient-collected testing (vaginal self-collection) for HPV. Several countries, including the Netherlands and Australia, have introduced HPV self-collection as a part of their national screening programs.


						
In a new study from Boston University Chobanian & Avedisian School of Medicine and the University of Hawaii at Manoa School of Nursing, researchers found more than half of healthcare providers would definitely or possibly offer HPV self-collection to their patients if the FDA approved the procedure, indicating substantial acceptance of this technology among the healthcare provider community.

"Healthcare providers felt that self-collection would be particularly beneficial for those who did not have access to clinician-collected screening, as well as for patients who may have difficulty with pelvic exams for any reason, such as those with history of trauma, sexual or gender minority patients and those with mobility issues," explained senior author Rebecca B. Perkins, MD, MSc, professor of obstetrics & gynecology at BU and an obstetrician & gynecologist at Boston Medical Center.

This study incorporated a mixed methods design including conducting a national survey and interviews of healthcare providers who perform cervical cancer screening. Quantitative measures consisted of provider/practice characteristics, willingness to recommend and preferences related to self-collection. Interviews further elucidated the provider perspectives.

The study found that male providers, advanced practice providers, internal and family physicians, and those practicing in an academic medical center, hospital, or community health setting were more likely to support self-collection than female participants, OB-GYN physicians, and those in private practice.

"While we found providers considered HPV self-collection to be a way to expand access for patients, they also expressed concerns related to the quality of the sample in generating accurate results," added Holly Fontenot, PhD, RN/NP, FAAN,professor of nursing at University of Hawaii and lead author of the study.

According to the researchers, the recent approval of HPV self-collection in the U.S. provides another option for cervical cancer screening, which can help reduce barriers related to access or to personal medical conditions.

These findings appear online in the journal Women's Health Issues.

Funding for this study was supported in part by a research grant from American Cancer Society Award RSG19-011-01CPHPC.
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Researchers unveil comprehensive youth diabetes dataset and interactive portal to boost research and prevention strategies | ScienceDaily
A team from the Icahn School of Medicine at Mount Sinai has developed the most comprehensive epidemiological dataset for youth diabetes and prediabetes research, derived from extensive National Health and Nutrition Examination Survey (NHANES) data collected from 1999 to 2018. The dataset, revealed through the newly launched Prediabetes/diabetes in youth ONline Dashboard (POND), aims to ignite a new wave of research into the escalating issue of diabetes among young people.


						
The newly compiled dataset integrates data on 15,149 youths residing in the United States, aged 12 to 19, covering a range of variables from sociodemographic backgrounds to health statuses, dietary habits, and other lifestyle behaviors relevant to prediabetes and diabetes (preDM/DM). The POND portal invites researchers, health care professionals, and the public to explore these data, facilitating an understanding of factors that may influence youth diabetes risk.

"By providing a detailed view of the risk factors and trends associated with prediabetes and diabetes in our youth, this dataset empowers clinicians and researchers to develop more effective interventions tailored to the needs of this vulnerable population," said Nita Vangeepuram, MD, MPH, Associate Professor of Pediatrics, Population Health Science and Policy, and Environmental Medicine and Climate Science at Icahn Mount Sinai, and clinical expert on the research team.

"The availability of such a comprehensive and accessible dataset is crucial for advancing our understanding of diabetes risk factors in youths," added Gaurav Pandey, PhD, Associate Professor of Genetics and Genomic Sciences, and Artificial Intelligence and Human Health, and co-senior author of the study. "It allows researchers to apply advanced statistical and machine learning methods to uncover patterns underlying this serious disorder that were previously obscured due to a lack of publicly available comprehensive data."

The development of the dataset and the POND web portal by co-first authors Yan Chak Li, MPhil, and Catherine McDonough, MS, underscores Mount Sinai's commitment to accessible, actionable health data and to transparency of the methodology. By allowing users to interact with and analyze this comprehensive dataset, POND serves as a critical tool in the global fight against youth diabetes.

"Our findings have unveiled both established and novel variables linked to youth preDM/DM, emphasizing the hypothesis-generating value of this dataset and its potential to transform future research and develop targeted prevention strategies," added Bian Liu, PhD, Associate Professor of Population Health Science and Policy, and Environmental Medicine and Climate Science, and co-senior author of the study. "It's our hope that POND will not only foster more detailed studies, but also drive innovations in how we manage and prevent diabetes among younger populations."

The urgency of this research is amplified by the anticipated rise in diabetes diagnoses among young people worldwide, marking a significant public health concern. The research team's efforts to streamline and democratize access to critical health data through POND could lead to breakthroughs in how diabetes is understood and addressed in youth populations.

The study was funded by National Institutes of Health grant #s R21DK131555 and R01HG011407.
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Implantable microphone could lead to fully internal cochlear implants | ScienceDaily
Cochlear implants, tiny electronic devices that can provide a sense of sound to people who are deaf or hard of hearing, have helped improve hearing for more than a million people worldwide, according to the National Institutes of Health.


						
However, cochlear implants today are only partially implanted, and they rely on external hardware that typically sits on the side of the head. These components restrict users, who can't, for instance, swim, exercise, or sleep while wearing the external unit, and they may cause others to forgo the implant altogether.

On the way to creating a fully internal cochlear implant, a multidisciplinary team of researchers at MIT, Massachusetts Eye and Ear, Harvard Medical School, and Columbia University has produced an implantable microphone that performs as well as commercial external hearing aid microphones. The microphone remains one of the largest roadblocks to adopting a fully internalized cochlear implant.

This tiny microphone, a sensor produced from a biocompatible piezoelectric material, measures miniscule movements on the underside of the ear drum. Piezoelectric materials generate an electric charge when compressed or stretched. To maximize the device's performance, the team also developed a low-noise amplifier that enhances the signal while minimizing noise from the electronics.

While many challenges must be overcome before such a microphone could be used with a cochlear implant, the collaborative team looks forward to further refining and testing this prototype, which builds off work begun at MIT and Mass Eye and Ear more than a decade ago.

"It starts with the ear doctors who are with this every day of the week, trying to improve people's hearing, recognizing a need, and bringing that need to us. If it weren't for this team collaboration, we wouldn't be where we are today," says Jeffrey Lang, the Vitesse Professor of Electrical Engineering, a member of the Research Laboratory of Electronics (RLE), and co-senior author of a paper on the microphone.

Lang's coauthors include co-lead authors Emma Wawrzynek, an electrical engineering and computer science (EECS) graduate student, and Aaron Yeiser SM '21; as well as mechanical engineering graduate student John Zhang; Lukas Graf and Christopher McHugh of Mass Eye and Ear; Ioannis Kymissis, the Kenneth Brayer Professor of Electrical Engineering at Columbia; Elizabeth S. Olson, a professor of biomedical engineering and auditory biophysics at Columbia; and co-senior author Hideko Heidi Nakajima, an associate professor of otolaryngology-head and neck surgery at Harvard Medical School and Mass Eye and Ear. The research is published today in the Journal of Micromechanics and Microengineering.




Overcoming an implant impasse

Cochlear implant microphones are usually placed on the side of the head, which means that users can't take advantage of noise filtering and sound localization cues provided by the structure of the outer ear.

Fully implantable microphones offer many advantages. But most devices currently in development, which sense sound under the skin or motion of middle ear bones, can struggle to capture soft sounds and wide frequencies.

For the new microphone, the team targeted a part of the middle ear called the umbo. The umbo vibrates unidirectionally (inward and outward), making it easier to sense these simple movements.

Although the umbo has the largest range of movement of the middle-ear bones, it only moves by a few nanometers. Developing a device to measure such diminutive vibrations presents its own challenges.

On top of that, any implantable sensor must be biocompatible and able to withstand the body's humid, dynamic environment without causing harm, which limits the materials that can be used.




"Our goal is that a surgeon implants this device at the same time as the cochlear implant and internalized processor, which means optimizing the surgery while working around the internal structures of the ear without disrupting any of the processes that go on in there," Wawrzynek says.

With careful engineering, the team overcame these challenges.

They created the UmboMic, a triangular, 3-millimeter by 3-millimeter motion sensor composed of two layers of a biocompatible piezoelectric material called polyvinylidene difluoride (PVDF). These PVDF layers are sandwiched on either side of a flexible printed circuit board (PCB), forming a microphone that is about the size of a grain of rice and 200 micrometers thick. (An average human hair is about 100 micrometers thick.)

The narrow tip of the UmboMic would be placed against the umbo. When the umbo vibrates and pushes against the piezoelectric material, the PVDF layers bend and generate electric charges, which are measured by electrodes in the PCB layer.

Amplifying performance

The team used a "PVDF sandwich" design to reduce noise. When the sensor is bent, one layer of PVDF produces a positive charge and the other produces a negative charge. Electrical interference adds to both equally, so taking the difference between the charges cancels out the noise.

Using PVDF provides many advantages, but the material made fabrication especially difficult. PVDF loses its piezoelectric properties when exposed to temperatures above around 80 degrees Celsius, yet very high temperatures are needed to vaporize and deposit titanium, another biocompatible material, onto the sensor. Wawrzynek worked around this problem by depositing the titanium gradually and employing a heat sink to cool the PVDF.

But developing the sensor was only half the battle -- umbo vibrations are so tiny that the team needed to amplify the signal without introducing too much noise. When they couldn't find a suitable low-noise amplifier that also used very little power, they built their own.

With both prototypes in place, the researchers tested the UmboMic in human ear bones from cadavers and found that it had robust performance within the intensity and frequency range of human speech. The microphone and amplifier together also have a low noise floor, which means they could distinguish very quiet sounds from the overall noise level.

"One thing we saw that was really interesting is that the frequency response of the sensor is influenced by the anatomy of the ear we are experimenting on, because the umbo moves slightly differently in different people's ears," Wawrzynek says.

The researchers are preparing to launch live animal studies to further explore this finding. These experiments will also help them determine how the UmboMic responds to being implanted.

In addition, they are studying ways to encapsulate the sensor so it can remain in the body safely for up to 10 years but still be flexible enough to capture vibrations. Implants are often packaged in titanium, which would be too rigid for the UmboMic. They also plan to explore methods for mounting the UmboMic that won't introduce vibrations.

"The results in this paper show the necessary broad-band response and low noise needed to act as an acoustic sensor. This result is surprising, because the bandwidth and noise floor are so competitive with the commercial hearing aid microphone. This performance shows the promise of the approach, which should inspire others to adopt this concept. I would expect that smaller size sensing elements and lower power electronics would be needed for next generation devices to enhance ease of implantation and battery life issues," says Karl Grosh, professor of mechanical engineering at the University of Michigan, who was not involved with this work.

This research was funded, in part, by the National Institutes of Health, the National Science Foundation, the Cloetta Foundation in Zurich, Switzerland, and the Research Fund of the University of Basel, Switzerland.
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Groundbreaking approach to sleep study expands potential of sleep medicine | ScienceDaily
University of Houston, associate professor of electrical and computer engineering Bhavin R. Sheth and former student Adam Jones, have introduced a groundbreaking approach to sleep stage classification that could replace the current gold standard in sleep testing, the cumbersome polysomnography, which uses a myriad of wires and is performed in a clinic. Their new procedure, which can be performed at home by the user, uses a single-lead electrocardiography-based deep learning neural network.


						
If you've ever had a problem sleeping, and ended up in a sleep lab, you know the polysomnography test is anything but restful. With a multitude of leads -- sensors and wires -- dangling from every part of your body, you are asked to sleep, which is a state difficult to reach without such encumbrance, nearly impossible with it.

But what if the number of those electrodes -- attached from your scalp to your heart -- was reduced to simply two?

"We have successfully demonstrated that our method achieves expert-level agreement with the gold-standard polysomnography without the need for expensive and cumbersome equipment and a clinician to score the test," reports Sheth in Computers in Biology and Medicine. "This advancement challenges the traditional reliance on electroencephalography (or EEG) for reliable sleep staging and paves the way for more accessible, cost-effective sleep studies."

Even more, by enabling access to high-quality sleep analysis outside clinical settings, Adam and Bhavin's research holds the potential to expand the reach of sleep medicine significantly.

Reliable classification of sleep stages is crucial in sleep medicine and neuroscience research for providing valuable insights, diagnoses and understanding of brain states. Although commercial devices like the Apple Watch, Fitbit and Oura Ring track sleep, their performance is well below that of polysomnography.

The electrocardiography-based model was trained on 4000 recordings from subjects 5-90 years old. They showed that the model is robust and performs just as well as a clinician scoring polysomnography.




"Our method significantly outperforms current research and commercial devices that do not use EEG and achieves gold-standard levels of agreement using only a single lead of electrocardiography data," said Sheth, who is also a member of the UH Center for NeuroEngineering and Cognitive Systems.

"It makes less-expensive, higher-quality studies accessible to a broader community, enabling improved sleep research and more personalized, accessible sleep-related healthcare interventions."

To that end Jones made the complete source code freely available for researchers, clinicians and anyone else interested at https://cardiosomnography.com

The collaboration also includes Laurent Itti at the University of Southern California.
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Doctors could soon use facial temperature for early diagnosis of metabolic diseases | ScienceDaily

Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. The results appear July 2 in the journal Cell Metabolism. With further research, doctors could one day use this simple and non-invasive approach for early detection of diseases.

"Aging is a natural process," says Jing-Dong Jackie Han, the paper's corresponding author at Peking University in Beijing. "But our tool has the potential to promote healthy aging and help people live disease-free."

The team had previously used 3D facial structure to predict people's biological age, which indicates how well the body is aging. Biological age is closely related to the risk of diseases, including cancer and diabetes. They were curious if other features of the face, such as temperature, could also predict aging rate and health status.

Han and her colleagues analyzed facial temperatures of more than 2,800 Chinese participants between the ages of 21 and 88. Then, the researchers used the information to train AI models that could predict a person's thermal age. They identified several key facial regions where the temperatures were significantly related to age and health, including the nose, eyes and cheeks.

The team found the temperature of the nose decreases with age at a rate faster than other parts of the face, meaning people with warmer noses have a younger thermal age. At the same time, temperatures around the eyes tend to increase with age.

The team also found that people with metabolic disorders such as diabetes and fatty liver disease had faster thermal aging. They tended to have higher eye area temperatures than their healthy counterparts of the same age. People with elevated blood pressure also had higher cheek temperatures.




By analyzing participants' blood samples, the team revealed that the increase in temperatures around the eyes and cheeks was mainly because of an increase in cellular activities related to inflammation, such as repairing damaged DNAs and fighting infections. The increase in these activities led to a rise in temperatures in certain facial regions.

"The thermal clock is so strongly associated with metabolic diseases that previous facial imaging models were not able to predict these conditions," Han says.

Due to this connection, the team set out to test if exercise could influence thermal age. They asked 23 participants to jump rope for at least 800 times daily for two weeks. To the team's surprise, these participants reduced their thermal age by five years after just two weeks of exercise.

Next, the team wants to explore if they can use thermal facial imaging to predict other diseases, such as sleeping disorders or cardiovascular problems.

"We hope to apply thermal facial imaging in clinical settings, as it holds significant potential for early disease diagnosis and intervention," Han says.
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Engineered plasma cells show long-lasting antileukemic activity in mice | ScienceDaily
Researchers show for the first time that engineered human plasma B cells can be used to treat a disease -- specifically leukemia -- in a humanized animal model. The results mark a key step in the realization of ePCs as therapies to treat cancer, auto-immune disorders, and protein deficiency disorders. The results appear July 2 in the journal Molecular Therapy.


						
"We hope that this proof-of-concept study is the first of many applications of engineered plasma B cells, and eventually will lead to a single-shot therapeutic," says senior study author Richard James (@ScienceRicker) of the Seattle Children's Research Institute. "Because engineered plasma B cells can live for a very long time, greater than 10 years, they could be used as a long-term source of many biologic drugs."

Immunotherapies that recruit cytotoxic T cells to kill cancer cells, such as bispecific antibodies, have contributed to improved survival rates for patients with B cell acute lymphoblastic leukemia (B-ALL). Blinatumomab is a bispecific antibody that received FDA approval in 2014 for the treatment of patients with relapsed/refractory B-ALL, but a limitation of blinatumomab is that it requires continuous high-dose intravenous infusions to maintain activity. This intensive regimen poses challenges for patients because frequent bag changes prove inconvenient, and the use of ports increases the risk of infection.

"Bispecific non-immunoglobulin therapies pose stability challenges in patients, necessitating three courses of 20-day steady-state infusion," James says. "Enhanced drug delivery methods for bispecific antibodies like blinatumomab could improve patient adherence and bolster treatment efficacy."

"We think that the first application of engineered plasma B cells will be to produce drugs that are difficult for patients to use," James says. "In this study, we wanted to demonstrate proof of concept and efficacy for engineered B cell therapies."

Toward that goal, James and his team developed a gene-editing strategy for the generation of ePCs that produce large quantities of bispecifics to target B-ALL or acute myeloid leukemia. The combined findings demonstrated that ePCs secreting bispecifics can promote T cell-driven killing of primary human cells and human leukemic cell lines. 

"One challenge we encountered was that the bispecific antibody used for killing tumor cells can also bind the engineered plasma B cells because they express the same target protein," James says. "To overcome this challenge, we deleted the protein target of the antibody, CD19, when we were making the engineered cells. We were surprised that deletion of CD19 did not hinder manufacturing of engineered plasma B cells."

In addition, the researchers discovered that plasma cells secreting anti-CD19 bispecific antibodies elicited antitumor activity, as demonstrated with acute lymphoblastic leukemia patient-derived xenografts in immunodeficient mice co-engrafted with autologous T cells. Notably, the steady-state concentration of anti-CD19 bispecifics in serum one month after cell delivery and tumor eradication was comparable to that observed in patients treated with continuous infusion of blinatumomab.




Based on the results, the researchers propose that ePC strategies could increase the functional half-life of bispecifics in patients with acute leukemias and other diseases where treatment half-life is limiting or where plasma cell local delivery could enhance therapeutic efficacy.

The results suggest that prolonged clinically relevant levels of bispecific and perhaps other biologics can be achieved via a single administration of ePCs. The robust levels of bispecific achieved by ePCs compare favorably to those observed by other bispecific-secreting cell products, including macrophages and T cells. According to the authors, these findings support further development of ePCs for use as a durable delivery system for the treatment of acute leukemias and potentially other cancers.

"We created engineered plasma B cells capable of continuously producing bispecific antibodies throughout the treatment period after only one injection," James says. "These cells effectively eliminated tumors to a comparable extent as the clinical drug. The key takeaway is that engineered plasma B cells can provide long-lasting drug production in vivo."

However, ePC bispecifics should be carefully evaluated for several possible toxicities if used clinically. Persistent on-target, off-tumor toxicity to normal bystander B cells is common in patients receiving B cell-targeted therapeutics. "In addition, for treatment of a B cell malignancy, it may be difficult to engineer a patient's own B cells to be used as the therapy because there is a risk that some of the B cells will be cancerous," James says. "We did not test whether we can use a different person's B cells to produce the bispecific antibody. Studies using such allogeneic products will likely need to be done before this specific therapy can be used to treat B cell cancers."

As noted by the authors, further studies in humanized mice and non-human primates are warranted to fully understand the activity, longevity, and tissue localization of ePCs. "In the short term, we plan to test whether engineered plasma B cells that produce bispecific antibodies are effective in other B cell-mediated diseases, including autoimmunity. These tests will initially be conducted in animal models. Additionally, we are developing engineered plasma B cells to produce other therapeutic drugs, such as those needed in protein deficiency diseases such as hemophilia. Finally, we are exploring additional applications of engineered B cells, including modifying other immune cells to either enhance or suppress the immune system."
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Proteins and fats can drive insulin production for some, paving way for tailored nutrition | ScienceDaily
When it comes to managing blood sugar levels, most people think about counting carbs. But new research from the University of British Columbia shows that, for some, it may be just as important to consider the proteins and fats in their diet.


						
The study, published today in Cell Metabolism, is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids).

The findings reveal that production of the blood sugar-regulating hormone insulin is much more dynamic and individualized than previously thought, while showing for the first time a subset of the population who are hyper-responsive to fatty foods.

"Glucose is the well-known driver of insulin, but we were surprised to see such high variability, with some individuals showing a strong response to proteins, and others to fats, which had never been characterized before," said senior author Dr. James Johnson, a professor of cellular and physiological sciences at UBC. "Insulin plays a major role in human health, in everything from diabetes, where it is too low, to obesity, weight gain and even some forms of cancer, where it is too high. These findings lay the groundwork for personalized nutrition that could transform how we treat and manage a range of conditions."

For the study, the researchers conducted tests on pancreatic islets from 140 deceased male and female donors across a wide age range. The islets were exposed to each of the three macronutrients, while the researchers measured the insulin response alongside 8,000 other proteins.

Although most donors' islet cells had the strongest insulin response to carbohydrates, approximately nine per cent responded strongly to proteins, while another eight per cent of the donor cells were more responsive to fats than any other nutrient -- even glucose.

"This research challenges the long-held belief that fats have negligible effects on insulin release in everyone," says first author Dr. Jelena Kolic, a research associate in the Johnson lab at UBC. "With a better understanding of a person's individual drivers of insulin production, we could potentially provide tailored dietary guidance that would help people better manage their blood sugar and insulin levels."

The research team also examined a subset of islet cells from donors who had Type 2 diabetes. As expected, these donor cells had a low insulin response to glucose. However, the researchers were surprised to see that their insulin response to proteins remained largely intact.




"This really bolsters the case that protein-rich diets could have therapeutic benefits for patients with Type 2 diabetes and highlights the need for further research into protein-stimulated insulin secretion," said Dr. Kolic.

The team conducted a comprehensive protein and gene expression analysis on the pancreatic islet cells, providing insights into the molecular and cellular characteristics that shape insulin production. In the future, the researchers say it could be possible use genetic testing to determine which macronutrients are likely to trigger a person's insulin response.

As a next step, the researchers hope to expand their work into clinical studies that would test insulin responsiveness to the trio of macronutrients in a real-world setting, and to begin developing personalized nutrition approaches based on the findings.

This research was supported by the Canadian Institutes for Health Research and JDRF Canada. The researchers would like to thank the organ donors and their families for their gift that enabled this research, made through the Human Organ Procurement and Exchange program and Trillium Gift of Life Network. 
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How our brains develop facial recognition skills: New face-detecting brain circuit | ScienceDaily
Scientists at the National Institutes of Health (NIH) have uncovered a brain circuit in primates that rapidly detects faces. The findings help not only explain how primates sense and recognize faces, but could also have implications for understanding conditions such as autism, where face detection and recognition are often impaired from early childhood. The newly discovered circuit first engages an evolutionarily ancient part of the brain called the superior colliculus, which can then trigger the eyes and head to turn for a better look. This better view enables different brain areas in the temporal cortex to engage in more complex facial recognition. The study was published in the journal Neuron.


						
"Quick recognition of faces is a key skill in humans and other primates," said Richard Krauzlis, Ph.D., of NIH's National Eye Institute (NEI) and senior author of the study. "This newly discovered circuit explains how we're able to quickly detect and look at faces, even if they first show up in the peripheral visual field where visual acuity is poor. This circuit could be what spotlights faces to help the brain learn to recognize individuals and understand complex facial expressions, helping us acquire important social interaction skills."

In adult primates, the brain develops specialized regions of the temporal cortex called "face patches" that provide the ability to recognize and distinguish individuals by their facial features. However, facial recognition depends on fine details provided by the eye's high acuity central vision; for us to recognize a face, we first have to look directly at it.

When babies are born, they lack the high acuity vision needed to see the fine details of faces, and the face-specific areas of the cortex don't develop until later. Even so, babies generally orient and look at faces very early in life, suggesting that another process is in play.

These observations left scientists with several questions, including: how does the brain shift the eyes towards a face to better see fine details? What provides this face preference before the brain's "face patches" develop? And how do the brain's "face patches" develop the ability to understand faces in the first place?

Krauzlis and colleagues hypothesized that the superior colliculus -- known to detect objects -- could provide the missing link. Part of the midbrain, it tells the rest of the brain if something is present somewhere -- not what the object is, but simply that it is there. It functions extremely quickly and connects directly to the motor parts of the brain, directing movements of the eyes towards objects of interest, or flinching out of the way of an object in the peripheral vision.

To test whether the superior colliculus might aid in face detection specifically, co-first authors Gongchen Yu, Ph.D., and Leor Katz, Ph.D., assembled a collection of images, including faces, biological non-face objects, like hands and arms, and other items like fruit or human-made objects. They then showed these images to adult monkeys in the monkeys' peripheral visual field and recorded neuronal responses in the superior colliculus.




Previous studies had suggested that the detection of objects by the superior colliculus was object-agnostic, meaning that this part of the brain was just noting the presence or absence of something, without any differentiation of what that thing might be. However, in this study, Krauzlis and colleagues found that within 40 milliseconds, more than half the neurons they measured responded more strongly to images of faces compared to other types of objects. Some additional neurons eventually displayed preferences for other types of objects, but not until 100 milliseconds. In other words, the face-specific detection was much faster than detection of other objects, and was preferred by a large proportion of the measured neurons.

The researchers were also able to determine that, while the superior colliculus can receive visual information directly from the eye, this object detection process instead requires input from the early part of the visual cortex first.

Since the superior colliculus also reconnects back to the visual cortex later on in the visual processing pathway, the scientists suspect that this circuit provides a mechanism to highlight the importance of certain objects.

"We believe this face-preference circuit may actually drive the development of the brain's more advanced facial recognition processes," said Krauzlis. "If so, deficits in this face preference in the superior colliculus might play a role in autism."

This study was funded by the NEI Intramural Program. In addition to co-lead authors Yu and Katz, Christian Quaia, Ph.D., and Adam Messinger, Ph.D., also contributed to the research.
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Light targets cells for death and triggers immune response with laser precision | ScienceDaily
A new method of precisely targeting troublesome cells for death using light could unlock new understanding of and treatments for cancer and inflammatory diseases, University of Illinois Urbana-Champaign researchers report.


						
Inflammatory cell death, knows as necroptosis, is an important regulatory tool in the body's arsenal against disease. However, in some diseases, the process can go haywire; for example, cancer cells are able to suppress inflammatory signals and thus escape death.

"Usually treatments for cancer use pharmacological induction to kill the cells, but those chemicals tend to diffuse throughout the tissues and it's hard to contain to a precise location. You get a lot of unwanted effects," said study leader Kai Zhang, a professor of biochemistry at the U. of I. "We can make the cells responsive to light, and we can focus the light beam to be smaller than one cell. That is how we can use light to very precisely target a cell and turn on its death pathway."

The researchers use a method called optogenetics to make the cells respond to light. They borrowed a light-activated gene from plants and inserted it into intestinal cell cultures, attaching it to the gene for RIPK3, a protein that regulates necroptosis.

"When activated, RIPK3 undergoes oligomerization -- it forms clusters of protein complexes. Our light-sensitive proteins cluster together when exposed to blue light. So by triggering the light-sensitive proteins to come together, the RIPK3 comes together and oligomerizes, and that's how we mimic the activation pathway," said graduate student Teak-Jung Oh, the first author of the paper published in the Journal of Molecular Biology. 

However, killing the cell itself is not the only goal. Inducing the inflammatory cell death pathway, rather than outright killing the cell mechanically or chemically, triggers the immune system to respond. The ruptured cells release chemicals called cytokines that irritate nearby cells and attract T cells, white blood cells that play an important role in how the immune system identifies and attacks threats, Zhang said.

"Certain cancer cell types create a local immunosuppressive environment, where T cells are either not recruited or, if they do come, they do not recognize it as a threat and do not infiltrate the cancerous area. But by opening up some cancer cells through necroptosis, we hope to modulate this immune suppressive environment and help train the T cells to recognize and attack the cancer," said Zhang, who is a member of the Cancer Center at Illinois.




Since the optogenetic system requires light delivery directly to tissues, human clinical applications in tissues deeper than skin are currently limited. However, the Illinois group plans to implement their system in mice next to further study necroptosis and immune response in cancer and other inflammatory diseases. They also will further investigate the in vitro platform's potential for training T cells for immune therapies.

"Understanding the cell signaling pathway for necroptosis is especially important because it has been known to be involved with diseases like neurodegenerative disease and inflammatory bowel disease. Knowing how necroptosis affects progression in these diseases is important. And if you don't know the molecular mechanisms, you don't really know what to target to slow the progression," Oh said.

The National Institute of General Medical Sciences and National Institute of Mental Health of the National Institutes of Health, the National Science Foundation and the Cancer Center at Illinois supported this work. Zhang also is affiliated with the Beckman Institute for Advanced Science and Technology at Illinois.

The National Institutes of Health supported this work through grants R01GM132438 and R01MH124827.
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Weight change across common antidepressant medications | ScienceDaily
New evidence comparing weight gain under eight different first-line antidepressants finds that bupropion users are 15-20% less likely to gain a clinically significant amount of weight than users of sertraline, the most common medication.


						
The findings are published July 2 in Annals of Internal Medicine.

Antidepressants are among the most commonly prescribed medications in the U.S., with 14% of U.S. adults reporting using an antidepressant. Weight gain is a common side effect, which could affect patients' long-term metabolic health and cause some to stop taking their prescribed treatment, leading to poor clinical outcomes. Although antidepressants overall are associated with weight gain, specific antidepressant medications may affect weight differently.

The new findings, led by investigators from the Harvard Pilgrim Health Care Institute reveal which common antidepressants are associated with the most and least weight gain following medication initiation.

"Patients and their clinicians often have several options when starting an antidepressant for the first time. This study provides important real-world evidence regarding the amount of weight gain that should be expected after starting some of the most common antidepressants," said lead author Joshua Petimar, Harvard Medical School assistant professor of population medicine at the Harvard Pilgrim Health Care Institute. "Clinicians and patients can use this information, among other factors, to help decide on the right choice for them."

Researchers used electronic health record prescription data from eight health systems in the U.S. participating in PCORnet, the National Patient-Centered Clinical Research Network, to conduct the study using data from 183,118 adults ages 18-80 years who were new users of antidepressants. While randomized control trials are considered the most rigorous method for comparing the effects of different medications, they are prohibitively costly and time consuming. In this case, the study team emulated a randomized trial by designing their ideal, hypothetical trial and aligning the data to match that trial as closely as possible.

Study investigators compared weight at 6, 12, and 24 months after initiation of eight common antidepressants: sertraline, citalopram, escitalopram, fluoxetine, paroxetine, bupropion, duloxetine, and venlafaxine.

Results showed that bupropion users gained the least amount of weight compared to users of other antidepressants. Bupropion users were approximately 15-20% less likely to gain a clinically significant amount of weight than those taking the most common medication, sertraline. The researchers considered weight gain of 5% or more as clinically significant. Results also showed a large percentage of patients were taking a medication that led to greater weight gain than alternatives that are commonly available in the same class or subclass. For example, sertraline, escitalopram, and paroxetine are all selective serotonin reuptake inhibitors (SSRI), the most common type of antidepressant, but escitalopram and paroxetine were each associated with an approximate 15% higher risk of gaining a clinically significant amount of weight than sertraline in the first 6 months.

"Although there are several reasons why patients and their clinicians might choose one antidepressant over another, weight gain is an important side effect that often leads to patients stopping their medication," said senior author Jason Block, a general internal medicine physician and Harvard Medical School associate professor of population medicine at the Harvard Pilgrim Health Care Institute. "Our study found that some antidepressants, like bupropion, are associated with less weight gain than others. Patients and their clinicians could consider weight gain as one reason for choosing a medication that best fits their needs."
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Tax on antibiotics could help tackle threat of drug-resistance | ScienceDaily
Taxing certain antibiotics could help efforts to tackle the escalating threat of antibiotic resistance in humans, according to a new study by the University of East Anglia's Centre for Competition Policy, Loughborough University and E.CA Economics.


						
Antimicrobial resistance (AMR) poses a significant global risk, causing an estimated 700,000 deaths annually. A key AMR report previously warned that if unchecked, it could endanger 10 million lives a year and result in $100 trillion in lost economic output by 2050.

Human use of antibiotics is the primary driver of AMR, with the majority in the UK prescribed via GPs. Classified as narrow or broad-spectrum, narrow-spectrum drugs target specific bacteria, helping slow AMR but require knowing the organism causing the infection. Broad-spectrum antibiotics are used more generally when the organism is unknown, exacerbating AMR.

The UK government report, published in 2016, recommended testing for pathogens before prescribing and using narrow-spectrum drugs when appropriate, with costly or time-consuming testing leading to overprescribing of broad-spectrum antibiotics and contributing to AMR levels.

In this new study, economists examined the feasibility of 'taxing' GP surgeries for using particular broad-spectrum drugs -- the idea being that when they prescribe them, the amount charged to their drug budget would be higher by the amount of the tax.

Writing in the International Journal of Industrial Organization, they argue that because GPs can choose which drug to prescribe this could encourage greater use of narrow-spectrum drugs as well as aim to reduce testing time and costs. It could also potentially help manage the demand for antibiotics by adjusting the relative pricing of the drugs.

Co-author Prof Farasat Bokhari, previously of UEA's School of Economics and now at Loughborough University, said: "Antibiotic resistance is an important issue and a priority for UK health policy. It's possibly the next ticking time bomb in the healthcare system.




"In our analysis, the financial burden of the tax is not on the patients but rather on the GP practices who may be overprescribing in some cases. Our findings show that switching from broad to narrow-spectrum is possible via changes in relative prices brought about via taxation, but it has implications -- in terms of the total cost to society.

"While the alternative tax regimes we consider differ in how much demand will shift, our estimates suggest that these policies can be highly effective in managing that demand."

The researchers stress that such tax policies should not be implemented without allowing for exemptions based on the severity of the disease, which the physicians could certify. They also acknowledge that if decisions are time-critical and it is not an option to wait for a precise diagnostic test to know which narrow-spectrum antibiotic to prescribe, this may slow the switch from broad to narrow-spectrum.

The study draws on 10 years of monthly sales data for antibiotics dispensed in UK pharmacies and uses economic models to assess substitution patterns between different antibiotics, together with the impact of prices, seasonality, spectrum, and other characteristics of a drug on its demand.

It looked at the impact of two types of taxes on different groups of drugs. Firstly, a percentage tax (5% or 20%) on all antibiotics, all broad-spectrum antibiotics, and specific broad-spectrum antibiotics known to contribute most to antibiotic resistance (co-amoxiclav, quinolones, and cephalosporins). Secondly, a fixed amount of tax per unit of the drug.

A 20% tax on all antibiotics reduces total antibiotic use by 12.7%. However, it only reduces the use of the most problematic broad-spectrum antibiotics by 29.4%. This tax results in a consumer welfare loss, that is, the difference between what an individual is willing to pay and what they actually pay, of PS322 per 1000 people, which amounts to about PS19.9 million a year in the UK.




However, if the same 20% tax is applied only to the broad-spectrum antibiotics that contribute most to antibiotic resistance, their use drops by 37.7%, and the overall antibiotic use drops by only 2.38% because most patients switch to narrow-spectrum drugs. This more targeted tax results in a smaller consumer welfare loss of PS78.2 per 1000 people, or PS4.8 million a year.

Lead author Dr Weijie Yan, at E.CA Economics, said: "The consumer welfare loss and overall welfare loss from taxing these antibiotics are significant, however they are relatively small compared to the predicted societal costs of antibiotic resistance in terms of deaths and economic losses.

"While our simulations show how much demand is shifted from broad to narrow-spectrum, and at what cost, it does not calculate the long-term benefits of switching to drugs with a lower AMR footprint.

"It is also clear that the estimated loss in welfare is much smaller than previous estimates of worldwide costs, and so it may be well worth considering such remedies to shift demand to narrow-spectrum drugs."
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Mechanism of lupus pathogenesis unveiled | ScienceDaily
A research team of Professor Yoontae Lee and Jiho Park, a PhD candidate, from the Department of Life Sciences at Pohang University of Science and Technology (POSTECH) recently discovered that a particular protein promotes the development of systemic lupus erythematosus (SLE). The study was published in the Proceedings of the National Academy of Sciences of the United States of America (PNAS), one of the world's most-cited multidisciplinary scientific journal.


						
B cells, components of the body's immune system, produce antibodies to combat pathogens such as viruses that enter the body from the outside. T follicular helper (TFH) cells assist B cells in generating these antibodies. However, an overabundance of TFHs can cause B cells to become overly active, resulting in autoimmune diseases. In such cases, B cells mistakenly recognize the body's own tissues and cells as pathogens and produce autoantibodies even when no external pathogens are present.

SLE, one of the most prevalent autoimmune diseases, is marked by a butterfly-shaped red rash and arthritis that primarily affects the nose and cheeks. The symptoms and affected immune cells vary from patient to patient, and the cause and the underlying mechanisms are not clearly understood, complicating the provision of personalized treatment.

Previous research by Professor Yoontae Lee's team suggested that ETV5, a specific transcription factor expressed in T cells, promotes the differentiation of T cells into TFH cells, potentially leading to SLE. In this study, the team conducted experiments in both mice and humans to confirm this hypothesis.

As a result, autoimmune symptoms such as autoantibody concentrations, immune cell infiltration into body tissues, and renal glomerulonephritis, and the development of TFH cells were reduced in the ETV5-deficient SLE mouse model. The team discovered that ETV5 enhances the expression of its target protein, osteopontin (OPN) which in turn activates the AKT protein, leading to the differentiation into TFH cells.

The researchers further confirmed that in human T cells, the differentiation into TFH cells is also regulated by the levels of ETV5 and OPN expression. Aligning with the findings from the animal models, ETV5 and OPN were expressed at higher levels in SLE patient models compared to the general population. Additionally, disease activity and blood autoantibody concentrations were generally proportional to the levels of ETV5 and OPN expression.

Professor Yoontae Lee, who led the study, expressed his aspiration by saying, "We have identified a mechanism of SLE pathogenesis involving ETV5 and OPN in real-world experiments." He added, "We hope that further research will lead to the development of ETV5 inhibitors that regulate TFH cell development to help treat SLE patients."

The research was conducted with support from the Mid-Career Research Program of the Ministry of Science and ICT.
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A prosthesis driven by the nervous system helps people with amputation walk naturally | ScienceDaily
State-of-the-art prosthetic limbs can help people with amputations achieve a natural walking gait, but they don't give the user full neural control over the limb. Instead, they rely on robotic sensors and controllers that move the limb using predefined gait algorithms.


						
Using a new type of surgical intervention and neuroprosthetic interface, MIT researchers, in collaboration with colleagues from Brigham and Women's Hospital, have shown that a natural walking gait is achievable using a prosthetic leg fully driven by the body's own nervous system. The surgical amputation procedure reconnects muscles in the residual limb, which allows patients to receive "proprioceptive" feedback about where their prosthetic limb is in space.

In a study of seven patients who had this surgery, the MIT team found that they were able to walk faster, avoid obstacles, and climb stairs much more naturally than people with a traditional amputation.

"This is the first prosthetic study in history that shows a leg prosthesis under full neural modulation, where a biomimetic gait emerges. No one has been able to show this level of brain control that produces a natural gait, where the human's nervous system is controlling the movement, not a robotic control algorithm," says Hugh Herr, a professor of media arts and sciences, co-director of the K. Lisa Yang Center for Bionics at MIT, an associate member of MIT's McGovern Institute for Brain Research, and the senior author of the new study.

Patients also experienced less pain and less muscle atrophy following this surgery, which is known as the agonist-antagonist myoneural interface (AMI). So far, about 60 patients around the world have received this type of surgery, which can also be done for people with arm amputations.

Hyungeun Song, a postdoc in MIT's Media Lab, is the lead author of the paper, which will appear in Nature Medicine.

Sensory feedback

Most limb movement is controlled by pairs of muscles that take turns stretching and contracting. During a traditional below-the-knee amputation, the interactions of these paired muscles are disrupted. This makes it very difficult for the nervous system to sense the position of a muscle and how fast it's contracting -- sensory information that is critical for the brain to decide how to move the limb.




People with this kind of amputation may have trouble controlling their prosthetic limb because they can't accurately sense where the limb is in space. Instead, they rely on robotic controllers built into the prosthetic limb. These limbs also include sensors that can detect and adjust to slopes and obstacles.

To try to help people achieve a natural gait under full nervous system control, Herr and his colleagues began developing the AMI surgery several years ago. Instead of severing natural agonist-antagonist muscle interactions, they connect the two ends of the muscles so that they still dynamically communicate with each other within the residual limb. This surgery can be done during a primary amputation, or the muscles can be reconnected after the initial amputation as part of a revision procedure.

"With the AMI amputation procedure, to the greatest extent possible, we attempt to connect native agonists to native antagonists in a physiological way so that after amputation, a person can move their full phantom limb with physiologic levels of proprioception and range of movement," Herr says.

In a 2021 study, Herr's lab found that patients who had this surgery were able to more precisely control the muscles of their amputated limb, and that those muscles produced electrical signals similar to those from their intact limb.

After those encouraging results, the researchers set out to explore whether those electrical signals could generate commands for a prosthetic limb and at the same time give the user feedback about the limb's position in space. The person wearing the prosthetic limb could then use that proprioceptive feedback to volitionally adjust their gait as needed.

In the new Nature Medicine study, the MIT team found this sensory feedback did indeed translate into a smooth, near-natural ability to walk and navigate obstacles.




"Because of the AMI neuroprosthetic interface, we were able to boost that neural signaling, preserving as much as we could. This was able to restore a person's neural capability to continuously and directly control the full gait, across different walking speeds, stairs, slopes, even going over obstacles," Song says.

A natural gait

For this study, the researchers compared seven people who had the AMI surgery with seven who had traditional below-the-knee amputations. All of the subjects used the same type of bionic limb: a prosthesis with a powered ankle as well as electrodes that can sense electromyography (EMG) signals from the tibialis anterior the gastrocnemius muscles. These signals are fed into a robotic controller that helps the prosthesis calculate how much to bend the ankle, how much torque to apply, or how much power to deliver.

The researchers tested the subjects in several different situations: level-ground walking across a 10-meter pathway, walking up a slope, walking down a ramp, walking up and down stairs, and walking on a level surface while avoiding obstacles.

In all of these tasks, the people with the AMI neuroprosthetic interface were able to walk faster -- at about the same rate as people without amputations -- and navigate around obstacles more easily. They also showed more natural movements, such as pointing the toes of the prosthesis upward while going up stairs or stepping over an obstacle, and they were better able to coordinate the movements of their prosthetic limb and their intact limb. They were also able to push off the ground with the same amount of force as someone without an amputation.

"With the AMI cohort, we saw natural biomimetic behaviors emerge," Herr says. "The cohort that didn't have the AMI, they were able to walk, but the prosthetic movements weren't natural, and their movements were generally slower."

These natural behaviors emerged even though the amount of sensory feedback provided by the AMI was less than 20 percent of what would normally be received in people without an amputation.

"One of the main findings here is that a small increase in neural feedback from your amputated limb can restore significant bionic neural controllability, to a point where you allow people to directly neurally control the speed of walking, adapt to different terrain, and avoid obstacles," Song says.

"This work represents yet another step in us demonstrating what is possible in terms of restoring function in patients who suffer from severe limb injury. It is through collaborative efforts such as this that we are able to make transformational progress in patient care," says Matthew Carty, a surgeon at Brigham and Women's Hospital and associate professor at Harvard Medical School, who is also an author of the paper.

Enabling neural control by the person using the limb is a step toward Herr's lab's goal of "rebuilding human bodies," rather than having people rely on ever more sophisticated robotic controllers and sensors -- tools that are powerful but do not feel like part of the user's body.

"The problem with that long-term approach is that the user would never feel embodied with their prosthesis. They would never view the prosthesis as part of their body, part of self," Herr says. "The approach we're taking is trying to comprehensively connect the brain of the human to the electromechanics."

The research was funded by the MIT K. Lisa Yang Center for Bionics, the National Institute of Neurological Disorders and Stroke, a Neurosurgery Research Education Foundation Medical Research Fellowship, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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New and improved camera inspired by the human eye | ScienceDaily
A team led by University of Maryland computer scientists invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time. The team's prototyping and testing of the camera -- called the Artificial Microsaccade-Enhanced Event Camera (AMI-EV) -- was detailed in a paper published in the journal Science Robotics in May 2024.


						
"Event cameras are a relatively new technology better at tracking moving objects than traditional cameras, but -today's event cameras struggle to capture sharp, blur-free images when there's a lot of motion involved," said the paper's lead author Botao He, a computer science Ph.D. student at UMD. "It's a big problem because robots and many other technologies -- such as self-driving cars -- rely on accurate and timely images to react correctly to a changing environment. So, we asked ourselves: How do humans and animals make sure their vision stays focused on a moving object?"

For He's team, the answer was microsaccades, small and quick eye movements that involuntarily occur when a person tries to focus their view. Through these minute yet continuous movements, the human eye can keep focus on an object and its visual textures -- such as color, depth and shadowing -- accurately over time.

"We figured that just like how our eyes need those tiny movements to stay focused, a camera could use a similar principle to capture clear and accurate images without motion-caused blurring," He said.

The team successfully replicated microsaccades by inserting a rotating prism inside the AMI-EV to redirect light beams captured by the lens. The continuous rotational movement of the prism simulated the movements naturally occurring within a human eye, allowing the camera to stabilize the textures of a recorded object just as a human would. The team then developed software to compensate for the prism's movement within the AMI-EV to consolidate stable images from the shifting lights.

Study co-author Yiannis Aloimonos, a professor of computer science at UMD, views the team's invention as a big step forward in the realm of robotic vision.

"Our eyes take pictures of the world around us and those pictures are sent to our brain, where the images are analyzed. Perception happens through that process and that's how we understand the world," explained Aloimonos, who is also director of the Computer Vision Laboratory at the University of Maryland Institute for Advanced Computer Studies (UMIACS). "When you're working with robots, replace the eyes with a camera and the brain with a computer. Better cameras mean better perception and reactions for robots."

The researchers also believe that their innovation could have significant implications beyond robotics and national defense. Scientists working in industries that rely on accurate image capture and shape detection are constantly looking for ways to improve their cameras -- and AMI-EV could be the key solution to many of the problems they face.




"With their unique features, event sensors and AMI-EV are poised to take center stage in the realm of smart wearables," said research scientist Cornelia Fermuller, senior author of the paper. "They have distinct advantages over classical cameras -- such as superior performance in extreme lighting conditions, low latency and low power consumption. These features are ideal for virtual reality applications, for example, where a seamless experience and the rapid computations of head and body movements are necessary."

In early testing, AMI-EV was able to capture and display movement accurately in a variety of contexts, including human pulse detection and rapidly moving shape identification. The researchers also found that AMI-EV could capture motion in tens of thousands of frames per second, outperforming most typically available commercial cameras, which capture 30 to 1000 frames per second on average. This smoother and more realistic depiction of motion could prove to be pivotal in anything from creating more immersive augmented reality experiences and better security monitoring to improving how astronomers capture images in space.

"Our novel camera system can solve many specific problems, like helping a self-driving car figure out what on the road is a human and what isn't," Aloimonos said. "As a result, it has many applications that much of the general public already interacts with, like autonomous driving systems or even smartphone cameras. We believe that our novel camera system is paving the way for more advanced and capable systems to come."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240701162221.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Overlooked brain organ plays key role in promoting brain repair after stroke | ScienceDaily
University of Cincinnati researchers have pioneered an animal model that sheds light on the role an understudied organ in the brain has in repairing damage caused by stroke.


						
The research, published July 5 in the Proceedings of the National Academy of Sciences, sought to learn more about how the adult brain generates new neurons to repair damaged tissue.

The research team focused on the choroid plexus, a small organ within brain ventricles that produces the brain's cerebrospinal fluid (CSF). CSF circulates throughout the brain, carrying signaling molecules and other factors thought to be important for maintaining brain function. However, prior to this study, little was known about the roles the choroid plexus and CSF play in brain repair after injury due to a lack of available adult animal models.

"We have discovered a new use of an animal model to be able to allow us to manipulate the adult choroid plexus and CSF for the first time," said Agnes (Yu) Luo, PhD, corresponding author on the study, and professor and vice chair in the Department of Molecular and Cellular Biosciences in UC's College of Medicine. "Now that we've discovered it, this will be vitally applicable to allow researchers to manipulate the adult choroid plexus and CSF to study different disease models and biological processes."

UC graduate student and study coauthor Aleksandr Taranov explained that in a process called adult neurogenesis, the adult brain maintains a certain capacity to repair damage by regenerating newly born neurons.

"However, we still don't know what actually regulates adult neurogenesis and how to redirect the neurons into the lesion site following a stroke," Taranov said.

Using this new model, the researchers found that removing the choroid plexus -- and the resulting loss of CSF in brain ventricles -- led to a reduction of newly born immature neurons called neuroblasts. In a model of ischemic stroke, the team found the loss of the choroid plexus and CSF led to fewer neuroblasts migrating to the lesion site and repairing damage caused by a stroke.

"This suggests that the choroid plexus may be needed to retain these neuroblasts in the area where they usually reside," Taranov said. "And the choroid plexus might actually be required to retain the neuroblasts so they can readily migrate into the stroke site whenever a stroke or other injury occurs."

Essentially, Luo said, it appears the choroid plexus keeps a garrison of regenerative cells that are ready to be deployed to injured areas in the brain in animal models of stroke. Further research is needed to confirm whether this also occurs in human brains.

Moving forward, Taranov is studying how the loss of the choroid plexus and CSF affects the clearing of toxic proteins in a model of Alzheimer's disease, and fellow graduate student Elliot Wegman is studying the same effects in a model of Parkinson's disease.
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Finding the sweet spot in brain development | ScienceDaily
Short-lived neural connections in the mouse brain help prime sensory circuits, forever affecting the mouse's sense of touch. Cold Spring Harbor Laboratory neuroscientists have discovered that a receptor protein named mGluR1 helps regulate the timing of these temporary connections. Their findings may help reveal the origins of various neurodevelopmental disorders and new ways of treating them.


						
Not everything in the brain is meant to last. As our brains assemble, trillions of neural connections have to be built or torn down at the right time and place. Otherwise, the seeds of conditions like autism can take root. Cold Spring Harbor Laboratory Assistant Professor Gabrielle Pouchelon studies how the brain is wired early in life. In doing so, she hopes to find the origins of various brain dysfunctions and new ways to treat them.

In a new study, Pouchelon and her team zero in on a process known as pruning. This is when the brain removes unnecessary connections between neurons. The pruning of long-lasting connections is relatively well-known. Pouchelon's team focuses on special early connections that get cut to make way for long-lasting circuits in the mature brain. Though temporary, these early connections may play a critical role in shaping developing brain circuits.

Pouchelon's lab has now discovered that a receptor protein named mGluR1 helps regulate the timing of these temporary connections in the mouse brain. Her team found that without mGluR1, neural connections stick around too long in the brain region that controls and processes touch via the whiskers. When the sensory circuit fails to mature properly, the mice demonstrate atypical behaviors. For example, they don't stand on their hind legs and sniff around the way other mice do.

Importantly, the team notes that this critical step in circuit development occurs during the first week after birth. "The way the receptor works seems to be different than what has been described in adulthood," Pouchelon says. "In the context of neurodevelopmental disorders, that means when we try to target developmental defects, we could have a totally different therapeutic effect at different stages during development."

Pouchelon's team hopes their discovery may serve as a guide for designing future therapeutics to treat brain dysfunction early. "The brain is a wonderful machine whose job is to adapt," says Dimitri Dumontier, the postdoc in Pouchelon's lab who co-led this study. "So, when you study neurodevelopmental disorders in adults or even teenagers, it is difficult to identify which mechanisms are causing the symptoms. That is why understanding early milestones of brain development is key."

The hope is that by figuring out exactly how the brain matures, scientists can rescue this process early. This could help prevent symptoms of neurological disorders like autism from showing up in the first place. After all, the world is difficult enough to navigate as is. Pouchelon and Dumontier's work could someday help make life easier for countless young people.
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Portable engine powers artificial muscles in assistive devices | ScienceDaily
Researchers have developed a lightweight fluidic engine to power muscle-mimicking soft robots for use in assistive devices. What sets the new engine apart is its ability to generate significant force without being tethered to an external power source.


						
"Soft robots that are powered by fluid engines -- such as hydraulic or pneumatic action -- can be used to mimic the behavior of muscle in ways that rigid robots cannot," says Hao Su, corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "This makes these robots particularly attractive for use in assistive devices that improve people's ability to move their upper or lower limbs."

However, most fluid engines are physically connected to an external power source, such as a large air compressor. That significantly limits their utility. And previous fluid engines that were not tethered to external power sources were not able to generate much force, which also limited their utility.

"Our work here addresses both of those challenges," Su says. "Our fluidic engine is not tethered to an external source but can still generate up to 580 Newtons of force."

The new engine works by pumping oil into and out of a chamber in a soft robot, causing the soft robot to act as an artificial muscle that is flexing and relaxing. The fluidic engine's pump is driven by a battery-powered high-torque motor that allows it to generate significant pressure, enabling the artificial muscle to exert significant force. 

In proof-of-concept testing, the researchers not only assessed the amount of force the new engine can generate, but how efficiently the engine converts electrical power into fluidic power.

"We found that we were able to generate an unprecedented amount of force for an untethered engine, while still keeping the weight of the fluidic engine low," says Antonio Di Lallo, first author of the paper and a postdoctoral researcher at NC State. "And the maximum efficiency of our fluidic engine is higher than previous portable, untethered engines."

The paper, "Untethered Fluidic Engine for High-Force Soft Wearable Robots," is published open access in the journal Advanced Intelligent Systems. The paper was co-authored by Shuangyue Yu, a former postdoctoral researcher at NC State; Jie Yin, an associate professor of mechanical and aerospace engineering at NC State; Jonathon Slightam of Sandia National Laboratories; and Grace Gu of the University of California, Berkeley.

This work was done with support from the National Science Foundation under grants 2026622 and 1944655; the National Institute on Disability, Independent Living, and Rehabilitation Research, under grant 90DPGE0011; and Amazon Robotics.
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Degradation of cell wall key in the spread of antibiotic resistance | ScienceDaily
A study at Umea University, Sweden, provides new clues in the understanding of how antibiotic resistance spreads. The study shows how an enzyme breaks down the bacteria's protective outer layer, the cell wall, and thus facilitates the transfer of genes for resistance to antibiotics.


						
"You could say that we are adding a piece of the puzzle to the understanding of how antibiotic resistance spreads between bacteria," says Ronnie Berntsson, Associate Professor at Umea University and one of the authors behind the study.

The Umea researchers have studied Enterococcus faecalis, which is a bacterium that often causes hospital infections, where in many cases treatment with antibiotics no longer bites because the bacteria have developed resistance. These bacteria can also spread the resistance further via the type 4 secretion systems, T4SS. It is a kind of protein complex that acts as a copying device, allowing properties in the form of genetic material to be spread to other bacteria. Resistance to antibiotics is one such trait that can be moved between bacteria with the help of T4SS.

An important part of T4SS is the enzyme PrgK, which breaks down the bacterial cell wall and thus facilitates the transfer of properties between bacteria. This enzyme has three parts or domains, LytM, SLT, and CHAP.

PrgK works like scissors that cut into the bacterial cell wall. Contrary to what the researchers previously thought, it turned out that only the SLT domain was active, but in a different way than expected. The other two domains instead turned out to have an important role in the regulation of the enzyme. The researchers also identified that another T4SS protein, PrgL, binds to PrgK and ensures that it ends up in the right place in the protein machinery.

"The findings are important for continued research into how to prevent T4SS from transferring properties such as resistance to antibiotics to other bacteria," says Josy ter Beek, Staff scientist at Umea University.

The study has been conducted through a combination of biochemical analyses of the protein linked to functional studies in vivo, and supplemented with structural studies of PrgK using both X-ray crystallography and AlphaFold modelling.
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Researchers thwart resistant bacteria's strategy | ScienceDaily
Antibiotic resistant bacteria are experts in evolving new strategies to avoid being killed by antibiotics.


						
One such bacterium is Pseudomonas aeruginosa, which is naturally found in soil and water, but also hospitals, nursing homes and similar institutions for persons with weakened immune systems are home for strains of this bacterium. As many P. Aeruginosa strains found in hospitals are resistant to most antibiotics in use, science is forced to constantly search for new ways to kill them.

Now, at team of researchers from Department of Biochemistry and Molecular Biology and Department of Clinical Microbiology, University of Southern Denmark, have discovered a weakness in P. Aeruginosa with the potential to become the target for a new way to attack it. The team has published their findings in the journal Microbiology Spectrum. The authors are Clare Kirkpatrick, Magnus Z. Ostergaard, Flemming D. Nielsen and Mette H. Meinfeldt.

Thick and slimy biofilm

The team discovered a mechanism, that reduces the formation of biofilm on the surface of P. Aeruginosa. The formation of sticky, slimy biofilm is a powerful tool used by bacteria to protect themselves against antibiotics -- a trick also used by P. Aeruginosa.

"This biofilm can be so thick and gooey that antibiotic cannot penetrate the cell surface and reach its target inside the cell," said Clare Kirkpatrick, head of research at Department of Biochemistry and Molecular Biology, adding:

"Maybe one day, we could pharmacologically stimulate this mechanism to reduce biofilm development on the surface of P. Aeruginosa."

Three new genes




Specifically, the researchers worked with three newly discovered genes in a lab-grown strain of P. Aeruginosa. When they overexpressed these genes, they saw a strong reduction of biofilm. Of significance is that the system affected by the genes is part of the P. Aeruginosa core genome, meaning that it is universally found in all the P. Aeruginosa strains sequenced so far.

"Being part of P. Aeruginosa's core genome, this system has been found in all investigated strains of P. Aeruginosa, including a large variety of strains isolated from patients. So, there is reason to believe that reduction of biofilm via this system should be effective in all known strains of P. Aeruginosa", said Clare Kirkpatrick.

Bacteria strains can evolve individually and mutate quickly and constantly when they are under pressure. It is not uncommon for patients infected with a P. Aeruginosa strain to initially respond well to antibiotic treatment but then become resistant as the strain evolves resistance during treatment. Strains mutate, but their common core genome does not change.

Stressing the cell wall

In their experiments, the researchers activated the biofilm reducing system by overexpressing genes. But they also discovered that the system is naturally stimulated by cell wall stress.

"So, if we stress the cell wall, it may naturally lead to a reduction in biofilm, making it easier for antibiotic to penetrate the cell wall," said Clare Kirkpatrick, adding:

"Currently, cell wall-targeted drugs are not widely used against P. Aeruginosa, but perhaps, they could start to be used as additives to help reduce biofilm production and improve access of the existing antibiotics to the cells."




Bacteria cell wall is very different from human cell wall

When combating infectious bacteria, there are only a limited number of targets to attack. Targets found in both bacterial and human cells cannot be attacked, as the antibiotics would also affect human cells.

Bacterial cells and human cells have some targets in common, such as the process that replicates DNA and the processes controlling basic glucose metabolism or respiration in cells.

Among the targets unique to bacteria are various protein functions and also the bacterial cell wall is considered a suitable target, as it is very different from the human cell wall.
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Multiple myeloma: Early detection of aggressive tumors | ScienceDaily
Multiple myeloma is one of the most common forms of cancer of the immune cells in the bone marrow. It is considered incurable. Even when patients respond to treatment at first, the cancer comes back. To be able to intervene faster and on a more targeted basis, researchers at Charite -- Universitatsmedizin Berlin, the Berlin Institute of Health at Charite (BIH), and the Max Delbruck Center teamed up with other partners for a comprehensive study of this disease at the molecular level. The team now describes how highly aggressive types of tumors can be detected early on in an article published in the journal Nature Cancer.* They show how changes in genetic material affect the protein profile of the tumor cells, and thus the mechanisms involved in the disease.


						
Multiple myeloma is a form of cancer in which the immune cells in the bone marrow, known as plasma cells, mutate and become cancerous. Plasma cells are responsible for producing antibodies. All humans have many different kinds of plasma cells that form large numbers of different antibodies. This allows the body to recognize and fight various pathogens. In multiple myeloma, a single plasma cell mutates into a tumor cell. That cell reproduces unchecked, forming a monoclonal cell population. This means many cells are formed, all of them exactly the same and genetically identical at first. The mutated cells often also produce large volumes of antibodies or fragments of them -- but they do not function properly.

Over the course of the disease, most patients develop tumors at various locations in the bone marrow, hence the "multiple" in the disease's name. Immunodeficiency, kidney failure, bone loss, and bone fractures are just some of the consequences of this uncontrolled cell growth. Despite advances in treatment and the introduction of new gene and cell therapies, there is no cure for multiple myeloma at present. With this issue in mind, a team of researchers led by Jan Kronke from the Department of Hematology, Oncology and Cancer Immunology at Charite and Dr. Philipp Mertins, head of the Proteomics technology platform of the Max Delbruck Center and BIH, set out in search of new approaches to diagnosis and treatment.

What path does the tumor take?

No two cases of cancer are alike, and multiple myeloma is no exception. Tumors develop differently in different individuals, including at different rates. This makes it more difficult to predict how the disease will progress and choose the optimum treatment. While the mutated plasma cells do not spread much in some cases, in others they are extremely aggressive, leading to a poor prognosis.

But what causes so much divergence in the course of multiple myeloma? In cooperation with protein analysis experts from the Max Delbruck Center and BIH, the researchers conducted a detailed study of genetic and molecular changes occurring in the tumor cells in a group of more than one hundred patients. The study included data from patients in the German Multiple Myeloma Study Group (DSMM), which is coordinated by the University Hospital of Wurzburg. This allowed the researchers to include clinical data on patients who had received standardized treatment over a period of eight years or more following initial diagnosis.

Systems medicine and big data

While changes in the genome and their effects on the proteome are already well described for other types of cancer, this is the first detailed proteo-genomic study of multiple myeloma. "Genetic data alone is insufficient to explain the mechanisms involved in this disease," Mertins says. "We wanted to know the consequences of genetic changes at the protein level and compare this molecular biology data against the actual course of the disease in patients." The team was supported in collecting and analyzing the large volumes of data by experts at Charite, BIH, and the German Cancer Consortium (DKTK).




Cutting-edge mass spectrometry methods made it possible to map the protein profile of mutated plasma cells and compare it against that of healthy plasma cells in people without the disease. The researchers found that both genetic changes and changes in signaling pathways lead to uncontrolled activation of cancer cells. Regulatory processes at the protein level had the stronger influence. The researchers identified a protein constellation that suggests the disease will take a particularly aggressive course, regardless of other known risk factors.

Unlocking new therapies

"Our findings will help subcategorize patients more effectively going forward, personalizing their treatment," Kronke concludes. "We've identified key proteins and signaling pathways that can serve as the basis for even more effective, better tolerated treatments for multiple myeloma, for example for immune therapies such as CAR T-cell therapy." In further steps, the researchers plan to study which of the target structures they have identified are in fact good candidates for new therapeutic approaches.

The study is a crucial resource for research and applied development, says Dr. Evelyn Ramberger, first author of the study: "To make the complex data set manageable, we programmed an interactive, freely available online tool." This has given cancer researchers easy access to the results, so they can use the information to develop new therapies and tests to help guide treatment. For example, it may be possible to treat patients with an especially aggressive form of multiple myeloma with more intensive therapies right at the outset.

Mass spectrometry

Mass spectrometry is a technique for analyzing the mass of molecules and atoms. The substance to be analyzed is ionized and converted to a gas phase. The ions formed are sharply accelerated using an electric field and then sorted by mass-to-charge ratio in the mass spectrometer's analytical unit. The mass spectrum of a substance provides information on its molecular composition. Mass spectrometry is therefore useful for identifying, characterizing, and quantifying a large number of biomolecules, such as proteins, metabolites, sugars, and fats, which may behave differently depending on the disease and the individual organism.
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Physical exercise prevents nerve damage during chemotherapy | ScienceDaily
Cancer treatments often cause nerve damage that can lead to long-lasting symptoms. Medication has proven ineffective in these cases. A sports scientist at the University of Basel, together with an interdisciplinary team from Germany, has now shown that simple exercises can prevent nerve damage.


						
Cancer therapies have improved over the years. It is no longer just about sheer survival: quality of life after recovery is gaining more importance.

Unfortunately, many cancer medications, from chemotherapy to modern immunotherapies, attack the nerves as well as the tumor cells. Some therapies, such as oxaliplatin or vinca alkaloids, leave 70 to 90 percent of patients complaining of pain, balance issues, or feelings of numbness, burning or tingling. These symptoms can be very debilitating. They can disappear following cancer treatment, but in around 50 percent they become chronic. Specialists call it chemotherapy-induced peripheral neuropathy, or CIPN for short.

A research team led by sports scientist Dr. Fiona Streckmann from the University of Basel and the German Sport University Cologne has now shown that specific exercise, concomitant to cancer therapy, can prevent nerve damage in many cases. The researchers have reported their findings in the journal JAMA Internal Medicine.

Exercise alongside chemo

The study involved 158 cancer patients, both male and female, who were receiving treatment either with oxaliplatin or vinca-alkaloids. The researchers divided the patients at random into three groups. The first was a control group, whose members received standard care. The other two groups completed exercise sessions twice a week for the duration of their chemotherapy, with each session lasting between 15 and 30 minutes. One of these groups carried out exercises that focused primarily on balancing on an increasingly unstable surface. The other group trained on a vibration plate.

Regular examinations over the next five years showed that in the control group around twice as many participants developed CIPN as in either of the exercise groups. In other words, the exercises undertaken alongside chemotherapy were able to reduce the incidence of nerve damage by 50 to 70 percent. In addition, they increased the patients' subjectively perceived quality of life, made it less necessary to reduce their dose of cancer medications, and reduced mortality in the five years following chemotherapy.




The participants receiving vinca-alkaloids and performing sensorimotor training, had the largest benefit.

Ineffective medications

A lot of money has been invested over the years in reducing the incidence of CIPN, explains Streckmann. "This side effect has a direct influence on clinical treatment: for example, patients may not be able to receive the planned number of chemotherapy cycles that they actually need, the dosage of neurotoxic agents in the chemotherapy may have to be reduced, or their treatment may have to be terminated."

Despite the investments made, there is no effective pharmacological treatment to date: various studies have shown that medications can neither prevent nor reverse this nerve damage. However, according to the latest estimates, USD 17,000 are spent per patient every year in the USA on treating nerve damage associated with chemotherapy. Streckmann's assumption is that "doctors prescribe medications despite everything, because patients' level of suffering is so high."

Study ongoing in children's hospitals 

In contrast, the sports scientist emphasizes, the positive effect of exercise has been substantiated, and this treatment is very cheap in comparison. At the moment she and her team are working on guidelines for hospitals, so that they can integrate the exercises into clinical practice as supportive therapy. In addition, since 2023 a study has been ongoing in six children's hospitals in Germany and Switzerland (PrepAIR), which is intended prevent sensory and motor dysfunctions in children receiving neurotoxic chemotherapy.

"The potential of physical activity is hugely underestimated," says Fiona Streckmann. She very much hopes that the results of the newly published study will lead to more sports therapists being employed in hospitals, in order to better exploit this potential.
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Scientists turn white fat cells into calorie-burning beige fat | ScienceDaily
New UCSF study shows that suppressing a protein turns ordinary fat into a calorie burner and may explain why drug trials attempting the feat haven't been successful.


						
Researchers at UC San Francisco have figured out how to turn ordinary white fat cells, which store calories, into beige fat cells that burn calories to maintain body temperature.

The discovery could open the door to developing a new class of weight-loss drugs and may explain why clinical trials of related therapies have not been successful.

Until now, researchers believed creating beige fat might require starting from stem cells. The new study published July 1 in the Journal of Clinical Investigation, showed that ordinary white fat cells can be converted into beige fat simply by limiting production of a protein.

"A lot of people thought this wasn't feasible," said Brian Feldman, MD, PhD, the Walter L. Miller, MD Distinguished Professor in Pediatric Endocrinology and senior author of the study. "We showed not only that this approach works to turn these white fat cells into beige ones, but also that the bar to doing so isn't as high as we'd thought."

A fat transformation

Many mammals have three "shades" of fat cells: white, brown and beige. White fat serves as energy reserves for the body, while brown fat cells burn energy to release heat, which helps maintain body temperature.




Beige fat cells combine these characteristics. They burn energy, and unlike brown fat cells, which grow in clusters, beige fat cells are embedded throughout white fat deposits.

Humans and many other mammals are born with brown fat deposits that help them maintain body temperature after birth. But, while a human baby's brown fat disappears in the first year of life, beige fat persists.

Humans can naturally turn white fat cells into beige ones in response to diet or a cold environment. Scientists tried to mimic this by coaxing stem cells into becoming mature beige fat cells.

But stem cells are rare, and Feldman wanted to find a switch he could flip to turn white fat cells directly into beige ones.

"For most of us, white fat cells are not rare and we're happy to part with some of them," he said.

Of mice and humans

Feldman knew from his earlier experiments that a protein called KLF-15 plays a role in metabolism and the function of fat cells.




With postdoctoral scholar Liang Li, PhD, Feldman decided to investigate how the protein functioned in mice, which retain brown fat throughout their lives. They found that KLF-15 was much less abundant in white fat cells than in brown or beige fat cells.

When they then bred mice with white fat cells that lacked KLF-15, the mice converted them from white to beige. Not only could the fat cells switch from one form into another, but without the protein, the default setting appeared to be beige.

The researchers then looked at how KLF-15 exerts this influence. They cultured human fat cells and found that the protein controls the abundance of a receptor called Adrb1, which helps maintain energy balance.

Scientists knew that stimulating a related receptor, Adrb3, caused mice to lose weight. But human trials of drugs that act on this receptor have had disappointing results.

A different drug targeting the Adrb1 receptor in humans is more likely to work, according to Feldman, and it could have significant advantages over the new, injectable weight-loss drugs that are aimed at suppressing appetite and blood sugar.

Feldman's approach might avoid side effects like nausea because its activity would be limited to fat deposits, rather than affecting the brain. And the effects would be long lasting, because fat cells are relatively long-lived.

"We're certainly not at the finish line, but we're close enough that you can clearly see how these discoveries could have a big impact on treating obesity," he said.

Liang Li is also an author of this study.

This work was funded by NIH grant R01DK132404.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240701131754.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New findings may fix the replicability crisis in microbiome research | ScienceDaily
Our bodies are inhabited by trillions of microorganisms, with specific microbes unique to each individual. Through experimentation, scientists have pinpointed certain factors that account for variation in the gut: diet, living conditions, exercise and maternal line. Now, scientists at University of California San Diego have discovered another factor that affects the composition of the gut microbiome: time of day. In fact, the scientists have found that time of day is such an important factor that they're calling on the National Institutes of Health (NIH) to require researchers to report it in their papers.


						
In new work published in Nature Metabolism, the scientists report that daily fluctuations in the gut alter the microbiome so significantly that different bugs populate it in the morning and in the evening. That means that a researcher analyzing a stool sample collected at breakfast will reach radically different conclusions from a researcher analyzing a stool sample collected right before dinner. The UC San Diego scientists propose that this variability is keeping gut microbiome researchers from being able to replicate each other's experiments.

"Unexplained variability and lack of replicability may be due to the fact that the microbiome oscillates throughout the day, with different populations of microbes dominating at different times," said Amir Zarrinpar, M.D., Ph.D., gastroenterologist and associate professor of medicine at UC San Diego School of Medicine and senior author on the study. "We found that when a sample is taken can dramatically affect which microbes were present and the conclusions the scientists drew about the disease they were studying."

Scientists conduct experiments for many reasons. The traditional reason is to answer a specific question, but another reason is to make a discovery or arrive at a scientific truth that others can replicate with their own experiments. In gut microbiome research, scientists collect stool samples to discover which microorganisms are present, and in what amount. Then, they link those changes to disease processes.

For this study, the team compared computer analyses of previously published studies, including their own. They discovered that changes in the microbiome were so pronounced over time that they affected the results as much as diet did. "We found that in as little as four hours after a mouse eats breakfast, nearly 80 percent of its microbiome is different," said Zarrinpar. Analyzing the conclusions drawn in the studies, Zarrinpar and his team found that results and conclusions depended heavily on when the researchers collected the samples.

Zarrinpar was inspired to conduct this study by a conversation he had with a colleague. "He told me that a postdoc in his lab took over an experiment that had been started by someone else. The postdoc couldn't replicate any of the previous trainee's findings. That made him question his predecessor's research," said Zarrinpar. "Then the postdoc realized that a bacteria that was incredibly pervasive in his findings was one that appears late in the day. He went back to his lab and saw that the previous trainee liked to collect samples in the morning, while he himself collected samples before going home. That's why he couldn't replicate the first trainee's findings."

Being able to reproduce the results of a previous experiment -- replicability -- is a key element in knowing whether a finding reliably represents new knowledge about reality or is simply an artifact of the experiment. Microbiome research is currently experiencing a replicability crisis, in part because of the interdisciplinary nature of the field, the complicated relationship between microorganisms and their hosts, and the difficulty of controlling so many variables.




Zarrinpar believes that his team's newest findings about the significance of timing can help fix the replicability crisis in microbiome research. He explains, "If we're ever going to be able to communicate to each other about our science and what we think is going on in an effective way, then we need to understand that if you got different results than I did, maybe that could be due to the time that we're collecting samples or not. Right now, you can't even tell."

According to Zarrinpar, scientists in other fields, such as circadian biologists, have also been lobbying the NIH to be stricter about the need to report timing of sample collections. Zarrinpar is hoping that publication of this paper will convince more scientists -- and the people who fund and publish their research -- of the significance of timing and its possible effect on other fields as well, such as metabolism research.

Zarrinpar's next steps involve advocating for standardized guidelines that ensure consistency in microbiome sample collection times and methodology. "This will likely involve collaboration with other researchers, funding agencies and journal editors to promote the adoption of such standards," he said. His next paper focuses on understanding the impact of timing in humans -- a variable that's much more difficult to control.

This research was funded in part by the National Institutes of Health, the Soros Foundation, and the American Hospital Association.

Co-authors on the study include: Celeste Allaband, Amulya Lingaraju, Stephany Flores Ramos, Tanya Kumar, Haniyeh Javaheri, Maria D. Tiu, Ana Carolina Dantas Machado, Roland A. Richter, Emmanuel Elijah, Gabriel G. Haddad, Pieter C. Dorrestein, Rob Knight of University of California San Diego, and Vanessa A. Leone, University of Wisconsin-Madison.
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Nanorobot with hidden weapon kills cancer cells | ScienceDaily
Researchers at Karolinska Institutet in Sweden have developed nanorobots that kill cancer cells in mice. The robot's weapon is hidden in a nanostructure and is exposed only in the tumour microenvironment, sparing healthy cells. The study is published in the journal Nature Nanotechnology.


						
The research group at Karolinska Institutet has previously developed structures that can organise so-called death receptors on the surface of cells, leading to cell death. The structures exhibit six peptides (amino acid chains) assembled in a hexagonal pattern.

"This hexagonal nanopattern of peptides becomes a lethal weapon," explains Professor Bjorn Hogberg at the Department of Medical Biochemistry and Biophysics, Karolinska Institutet, who led the study. "If you were to administer it as a drug, it would indiscriminately start killing cells in the body, which would not be good. To get around this problem, we have hidden the weapon inside a nanostructure built from DNA."

Created a 'kill switch'

The art of building nanoscale structures using DNA as a building material is called DNA origami and is something Bjorn Hogberg's research team has been working on for many years. Now they have used the technique to create a 'kill switch' that is activated under the right conditions.

"We have managed to hide the weapon in such a way that it can only be exposed in the environment found in and around a solid tumour," he says. "This means that we have created a type of nanorobot that can specifically target and kill cancer cells."

The key is the low pH, or acidic microenvironment that usually surrounds cancer cells, which activates the nanorobot's weapon. In cell analyses in test tubes, the researchers were able to show that the peptide weapon is hidden inside the nanostructure at a normal pH of 7.4, but that it has a drastic cell-killing effect when the pH drops to 6.5.




Reduced tumour growth

They then tested injecting the nanorobot into mice with breast cancer tumours. This resulted in a 70 per cent reduction in tumour growth compared to mice given an inactive version of the nanorobot.

"We now need to investigate whether this works in more advanced cancer models that more closely resemble the real human disease," says the study's first author Yang Wang, a researcher at the Department of Medical Biochemistry and Biophysics, Karolinska Institutet. "We also need to find out what side effects the method has before it can be tested on humans."

The researchers also plan to investigate whether it is possible to make the nanorobot more targeted by placing proteins or peptides on its surface that specifically bind to certain types of cancer.
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        Cool roofs are best at beating cities' heat
        Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered 'green roofs,' street-level vegetation or solar panels, finds a new study led by UCL researchers.

      

      
        Moon 'swirls' could be magnetized by unseen magmas
        Mysterious, light-colored swirls on Moon's surface could be rocks magnetized by magma activity underground, laboratory experiments confirm.

      

      
        Scientists discover way to 'grow' sub-nanometer sized transistors
        A research team has implemented a novel method to achieve epitaxial growth of 1D metallic materials with a width of less than 1 nm. The group applied this process to develop a new structure for 2D semiconductor logic circuits. Notably, they used the 1D metals as a gate electrode of the ultra-miniaturized transistor.

      

      
        A breakthrough in inexpensive, clean, fast-charging batteries
        Scientists have created an anode-free sodium solid-state battery. This brings the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

      

      
        Chemists synthesize an improved building block for medicines
        Research could help drug developers improve the safety profiles of medications and reduce side effects.

      

      
        Machine learning could aid efforts to answer long-standing astrophysical questions
        Physicists have developed a computer program incorporating machine learning that could help identify blobs of plasma in outer space known as plasmoids. In a novel twist, the program has been trained using simulated data.

      

      
        Mechanism of bio-inspired control of liquid flow
        The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research implied that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials,...

      

      
        Mapping the surfaces of MXenes, atom by atom, reveals new potential for the 2D materials
        In the decade since their discovery, the family of two-dimensional materials called MXenes has shown a great deal of promise for applications ranging from water desalination and energy storage to electromagnetic shielding and telecommunications, among others. While researchers have long speculated about the genesis of their versatility, a recent study has provided the first clear look at the surface chemical structure foundational to MXenes' capabilities.

      

      
        Mobile phone data helps track pathogen spread and evolution of superbugs
        Combining genomic data and human travel patterns over a 14-year period in South Africa reveals key insights into the spread, evolution and resistance patterns of a major bacterium behind pneumonia and meningitis globally.

      

      
        Clever clothes! Seams in clothing capture body movement
        Everyday clothing may soon be able to capture and record body movements according to new research.

      

      
        Using visible light to make pharmaceutical building blocks
        Chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals. The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst.

      

      
        Precise and less expensive 3D printing of complex, high-resolution structures
        Researchers have developed a new two-photon polymerization technique that uses two lasers to 3D print complex high-resolution structures. The advance could make this 3D printing process less expensive, helping it find wider use in a variety of applications, from consumer electronics to the biomedical field.

      

      
        Giant clams may hold the answers to making solar energy more efficient
        Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new study. This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

      

      
        What was behind the 2021-2022 energy crisis within Europe?
        A team of researchers had already been working with electricity price data for years before Russia's invasion of Ukraine, exploring statistics and developing forecasting methods. Now they zero in on how prices in different countries relate and how countries were affected by the energy crisis and address the interdependencies of different markets. Their approach combines statistical physics and network science, identifying communities and the fundamental spatiotemporal patterns within the electric...

      

      
        Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature
        Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of ...

      

      
        Optoelectronics gain spin control from chiral perovskites and III-V semiconductors
        A research effort has made advances that could enable a broader range of currently unimagined optoelectronic devices.

      

      
        Study explores what motivates people to watch footage of disasters and extreme weather
        The release in July 2024 of the blockbuster film Twisters (centred around a social-media celebrity storm-chaser) demonstrates an ongoing public fascination in hazards and extreme weather. The arrival of camera and streaming technologies have made it easier to collect and share such footage in recent years, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord. Now, a new study has analyzed what might be motivating people to watch these streams --...

      

      
        Exploring the chemical space of the exposome: How far have we gone?
        Scientists have taken on the daunting challenge of mapping all the chemicals around us. They take inventory of the available science and conclude that currently a real pro-active chemical management is not feasible. To really get a grip on the vast and expanding chemical universe, they advocate the use of machine learning and AI, complementing existing strategies for detecting and identifying all molecules we are exposed to.

      

      
        Crucial gaps in climate risk assessment methods
        Researchers have uncovered significant flaws in current climate risk assessment techniques that could lead to a severe underestimation of climate-related financial losses for businesses and investors.

      

      
        Neutrons on classically inexplicable paths
        Is nature really as strange as quantum theory says -- or are there simpler explanations? New neutron measurements prove: It doesn't work without the strange properties of quantum theory.

      

      
        True scale of carbon impact from long-distance travel revealed
        The reality of the climate impact of long-distance passenger travel has been revealed in new research.

      

      
        Researchers unlock 'materials genome', opening possibilities for next-generation design
        A new microscopy method has allowed researchers to detect tiny changes in the atomic-level architecture of crystalline materials -- like advanced steels for ship hulls and custom silicon for electronics. The technique could advance our ability to understand the fundamental origins of materials properties and behavior.

      

      
        Moving beyond the 80-year-old solar cell equation
        Physicists have made a significant breakthrough in solar cell technology by developing a new analytical model that improves the understanding and efficiency of thin-film photovoltaic (PV) devices.

      

      
        Implantable microphone could lead to fully internal cochlear implants
        Researchers developed a prototype of an implantable microphone for a cochlear implant. Their device, which senses the movement of the ear drum in the inner ear, performed as well as commercial hearing aids and could someday enable a fully internalized cochlear implant.

      

      
        Organic material from Mars reveals the likely origin of life's building blocks
        Two samples from Mars together deliver clear evidence of the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.

      

      
        Light targets cells for death and triggers immune response with laser precision
        A new method of precisely targeting troublesome cells for death using light could unlock new understanding of and treatments for cancer and inflammatory diseases.

      

      
        A prosthesis driven by the nervous system helps people with amputation walk naturally
        With a new surgical intervention and neuroprosthetic interface, researchers restored a natural walking gait in people with amputations below the knee. Seven patients were able to walk faster, avoid obstacles, and climb stairs more naturally than people with a traditional amputation.

      

      
        New and improved camera inspired by the human eye
        Computer scientists have invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time.

      

      
        Self-assembling, highly conductive sensors could improve wearable devices
        To advance soft robotics, skin-integrated electronics and biomedical devices, researchers have developed a 3D-printed material that is soft and stretchable -- traits needed for matching the properties of tissues and organs -- and that self-assembles. Their approach employs a process that eliminates many drawbacks of previous fabrication methods, such as less conductivity or device failure, the team said.

      

      
        A new pulsar buried in a mountain of data
        Astronomers have discovered the first millisecond pulsar in the stellar cluster Glimpse-CO1.

      

      
        Scientists probe chilling behavior of promising solid-state cooling material
        A research team has bridged a knowledge gap in atomic-scale heat motion. This new understanding holds promise for enhancing materials to advance an emerging technology called solid-state cooling.

      

      
        Novel spectroscopy technique sheds light on NOx reduction
        The process that can convert pollution into benign by-products is called selective catalytic reduction, or SCR. Until now, it has been unclear how this reaction actually occurs, and contradictions have long existed between reaction models within the literature. Catalysis researchers used a technology called modulation excitation spectroscopy, or MES, to finally identify the correct pathway.

      

      
        How researchers are using digital city-building games to shape the future
        Researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape. They say that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future. They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

      

      
        Nanorobot with hidden weapon kills cancer cells
        Researchers have developed nanorobots that kill cancer cells in mice. The robot's weapon is hidden in a nanostructure and is exposed only in the tumour microenvironment, sparing healthy cells.

      

      
        AI model finds the cancer clues at lightning speed
        AI model finds the cancer clues at lightning speed. Researchers have developed an AI model that increases the potential for detecting cancer through sugar analyses. The AI model is faster and better at finding abnormalities than the current semi-manual method.

      

      
        Melanin from cuttlefish ink as a sustainable biomass resource
        Melanin is a ubiquitous compound in nature, produced by many organisms. However, its potential as a biomass resource to produce value-added chemicals and materials remains relatively unexplored. In a recent study, researchers investigated the chemical decomposition of melanin derived from cuttlefish ink and showcased its application in the synthesis of biopolymer films and particles. Their efforts will hopefully pave the way to the adoption of melanin upcycling.

      

      
        This desert moss has the potential to grow on Mars
        The desert moss Syntrichia caninervis is a promising candidate for Mars colonization thanks to its extreme ability to tolerate harsh conditions lethal to most life forms. The moss is well known for its ability to tolerate drought conditions, but researchers now report that it can also survive freezing temperatures as low as 196 C, high levels of gamma radiation, and simulated Martian conditions involving these three stressors combined. In all cases, prior dehydration seemed to help the plants cop...

      

      
        'World record' for data transmission speed
        Researchers have sent data at a record rate of 402 terabits per second using commercially available optical fiber. This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fiber.

      

      
        New computational microscopy technique provides more direct route to crisp images
        A new computational microscopy technique solves for true high-resolution images without the guesswork that has limited the precision of other techniques.

      

      
        Tiny bright objects discovered at dawn of universe baffle scientists
        A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.

      

      
        Soft, stretchy electrode simulates touch sensations using electrical signals
        A team of researchers has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations for applications such as virtual reality, medical prosthetics and wearable technology.

      

      
        Can A.I. tell you if you have osteoporosis? Newly developed deep learning model shows promise
        Researchers have developed a novel deep learning algorithm that outperformed existing computer-based osteoporosis risk prediction methods, potentially leading to earlier diagnoses and better outcomes for patients with osteoporosis risk.

      

      
        Wireless receiver blocks interference for better mobile device performance
        Researchers developed a new wireless receiver that can block strong interference signals at the earliest opportunity, which could improve the performance of a mobile device.

      

      
        Study reveals why AI models that analyze medical images can be biased
        Researchers have found that artificial intelligence models that are most accurate at predicting race and gender from X-ray images also show the biggest 'fairness gaps' -- that is, discrepancies in their ability to accurately diagnose images of people of different races or genders.

      

      
        Researchers develop fastest possible flow algorithm
        Computer scientists have written a network flow algorithm that computes almost as fast as is mathematically possible. This algorithm computes the maximum traffic flow with minimum transport costs for any type of network. It thus solves a key question in theoretical computer science. The superfast algorithm also lays the foundation for efficiently computing very large and dynamically changing networks in the future.

      

      
        Too many missing satellite galaxies found
        Bringing us one step closer to solving the 'missing satellites problem,' researchers have discovered two new satellite galaxies.

      

      
        Breakthrough research makes cancer-fighting viral agent more effective
        Researchers have made a significant breakthrough by discovering that the drug 4-OI can enhance the effectiveness of a cancer-fighting viral agent. This may lead to treatment of cancers that are otherwise resistant to therapies.

      

      
        New class of Mars quakes reveals daily meteorite strikes
        An international team of researchers combine orbital imagery with seismological data from NASA's Mars InSight lander to derive a new impact rate for meteorite strikes on Mars. Seismology also offers a new tool for determining the density of Mars' craters and the age of different regions of a planet.

      

      
        Visual explanations of machine learning models to estimate charge states in quantum dots
        To form qubit states in semiconductor materials, it requires tuning for numerous parameters. But as the number of qubits increases, the amount of parameters also increases, thereby complicating this process. Now, researchers have automated this process, overcoming a significant barrier to realizing quantum computers.

      

      
        The future of metals research with artificial intelligence
        A research team has developed an optimal artificial intelligence model to predict the yield strength of various metals, effectively addressing traditional cost and time limitations.
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Cool roofs are best at beating cities' heat | ScienceDaily
Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered "green roofs," street-level vegetation or solar panels, finds a new study led by UCL researchers.


						
Conversely, extensive use of air conditioning would warm the outside environment by as much as 1 degree C in London's dense city centre, the researchers found.

The research, published in Geophysical Research Letters, used a three-dimensional urban climate model of Greater London to test the thermal effects of different passive and active urban heat management systems, including painted "cool roofs," rooftop solar panels, green roofs, ground level tree vegetation and air conditioning during the two hottest days of the summer of 2018, the warmest on record.

It found that if adopted widely throughout London, cool roofs could reduce outdoor temperatures across the city on average about 1.2 degrees C, and up to 2 degrees C in some locations. Other systems, such as extensive street-level vegetation or solar panels would provide a smaller net cooling effect, only about 0.3 degrees C on average across London, though they offer other environmental benefits. Similarly, while green roofs offer benefits like water drainage and wildlife habitats, their net cooling effect on the city was found to be negligible on average.

Air conditioning, which transfers heat from within buildings to the outside, would warm the outdoor urban environment by about 0.15 degrees C for the city overall, but by as much as 1 degree C in dense central London. The researchers also found that the increase in the distribution of air con units in their model could be entirely powered by photovoltaic solar panels if they were similarly installed to their fullest extent.

To gauge the potential full effect of each method, the team modelled each one as though they had been as widely adopted as theoretically feasible across housing, commercial and industrial buildings throughout Greater London.

Lead author Dr Oscar Brousse (UCL Bartlett School Environment, Energy & Resources) said: "We comprehensively tested multiple methods that cities like London could use to adapt to and mitigate warming temperatures, and found that cool roofs were the best way to keep temperatures down during extremely hot summer days. Other methods had various important side benefits, but none were able to reduce outdoor urban heat to nearly the same level."

As the climate changes, residents within cities are particularly vulnerable to warming temperatures. Cities generally trap heat, inducing the Urban Heat Island effect that can lead to greater discomfort and mortality for residents during hot spells. Finding ways to adapt or mitigate these warming temperatures has become a high priority for city planners and designers, who have been exploring passive cooling methods like cool roofs, green roofs and expanded urban vegetation as well as active methods for building interiors like air con.




The study offered additional insights into urban heat management by comprehensively comparing several common passive and active heat mitigation actions.

By reflecting rather than absorbing heat, cool roofs have the dual benefit of not only cooling the outside urban environment but the inside of buildings as well.

Though on average the effect of green roofs was negligible, the researchers found that their effect on temperature varied significantly throughout the day. During the warmest times of day, the wide adoption of green roofs could lower urban temperatures by an average of 0.5 degrees C. However, this would be offset overnight as the thermal mass from the roofs would retain daytime heat, releasing when the sun was down and increasing night-time temperatures by about the same amount.

Converting city greenspaces from grass to deciduous tree cover would cool temperatures overnight but at best would have mixed net effects during the day. In addition, it would likely increase the amount of water vapour in the air, which would effectively increase the air humidity and could affect residents' thermal comfort.

The research was supported by Wellcome and NERC.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240704122209.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Moon 'swirls' could be magnetized by unseen magmas | ScienceDaily
Lunar swirls are light-colored, sinuous features on the Moon's surface, bright enough to be visible from a backyard telescope. Some people think they look like the brushstrokes in an abstract painting. But these are not mere artistic flourishes: NASA images show that the tendrils from some lunar swirls extend for hundreds of miles.


						
Lunar swirls have defied easy explanation, but recent modeling and spacecraft data shed light on the twisty mystery. The data shows that rocks in the swirls are magnetized, and these rocks deflect or redirect solar wind particles that constantly bombard the Moon. Nearby rocks take the hit instead. Over time, neighboring rocks become darkened by chemical reactions caused by the collisions, while the swirls remain light colored.

But how did the rocks in lunar swirls get magnetized? The Moon does not have a magnetic field today. No astronaut or rover has yet visited a lunar swirl to investigate.

"Impacts could cause these types of magnetic anomalies," said Michael J. Krawczynski, an associate professor of earth, environmental and planetary sciences in Arts & Sciences at Washington University in St. Louis. He notes that meteorites regularly deliver iron-rich material to areas on the Moon's surface. "But there are some swirls where we're just not sure how an impact could create that shape and that size of thing."

Krawczynski believes it's more likely that something else has locally magnetized the swirls.

"Another theory is that you have lavas underground, cooling slowly in a magnetic field and creating the magnetic anomaly," said Krawczynski, who designed experiments to test this explanation. His results are published in the Journal of Geophysical Research: Planets.

Krawczynski and study first author Yuanyuan Liang, who recently earned her PhD in earth, environmental and planetary sciences in Arts & Sciences, measured the effects of different combinations of atmospheric chemistry and magmatic cooling rates on a mineral called ilmenite to see if they could produce a magnetizing effect.




"Earth rocks are very easily magnetized because they often have tiny bits of magnetite in them, which is a magnetic mineral," Krawczynski said. "A lot of the terrestrial studies that have focused on things with magnetite are not applicable to the Moon, where you don't have this hyper-magnetic mineral."

But ilmenite, which is abundant on the Moon, can also react and form particles of iron metal, which can be magnetized under the right conditions, Krawczynski and his team found.

"The smaller grains that we were working with seemed to create stronger magnetic fields because the surface area to volume ratio is larger for the smaller grains compared to the larger grains," Liang said. "With more exposed surface area, it is easier for the smaller grains to undergo the reduction reaction."

"Our analog experiments showed that at lunar conditions, we could create the magnetizable material that we needed. So, it's plausible that these swirls are caused by subsurface magma," said Krawczynski, who is a faculty fellow in the university's McDonnell Center for the Space Sciences.

Determining the origin of lunar swirls is considered key in understanding what processes have shaped the lunar surface, the history of a magnetic field on the Moon and even how the surfaces of planets and moons generally affect the space environment surrounding them.

This study will help interpret data acquired by future missions to the Moon, especially those that explore magnetic anomalies on the lunar surface. NASA intends to send a rover to the lunar swirl area known as Reiner Gamma in 2025 as part of the Lunar Vertex mission.

"If you're going to make magnetic anomalies by the methods that we describe, then the underground magma needs to have high titanium," Krawczynski said. "We have seen hints of this reaction creating iron metal in lunar meteorites and in lunar samples from Apollo. But all of those samples are surface lava flows, and our study shows cooling underground should significantly enhance these metal-forming reactions."

For now, his experimental approach is the best way to test predictions about how unseen lava may be driving the magnetic effects of the mysterious lunar swirls.

"If we could just drill down, we could see if this reaction was happening," Krawczynski said. "That would be great, but it's not possible yet. Right now, we're stuck with the surface."
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Scientists discover way to 'grow' sub-nanometer sized transistors | ScienceDaily
A research team led by Director JO Moon-Ho of the Center for Van der Waals Quantum Solids within the Institute for Basic Science (IBS) has implemented a novel method to achieve epitaxial growth of 1D metallic materials with a width of less than 1 nm. The group applied this process to develop a new structure for 2D semiconductor logic circuits. Notably, they used the 1D metals as a gate electrode of the ultra-miniaturized transistor.


						
Integrated devices based on two-dimensional (2D) semiconductors, which exhibit excellent properties even at the ultimate limit of material thickness down to the atomic scale, are a major focus of basic and applied research worldwide. However, realizing such ultra-miniaturized transistor devices that can control the electron movement within a few nanometers, let alone developing the manufacturing process for these integrated circuits, has been met with significant technical challenges.

The degree of integration in semiconductor devices is determined by the width and control efficiency of the gate electrode, which controls the flow of electrons in the transistor. In conventional semiconductor fabrication processes, reducing the gate length below a few nanometers is impossible due to the limitations of lithography resolution. To solve this technical problem, the research team leveraged the fact that the mirror twin boundary (MTB) of molybdenum disulfide (MoS2), a 2D semiconductor, is a 1D metal with a width of only 0.4 nm. They used this as a gate electrode to overcome the limitations of the lithography process.

In this study, the 1D MTB metallic phase was achieved by controlling the crystal structure of the existing 2D semiconductor at the atomic level, transforming it into a 1D MTB. This represents a significant breakthrough not only for next-generation semiconductor technology but also for basic materials science, as it demonstrates the large-area synthesis of new material phases through artificial control of crystal structures.

The International Roadmap for Devices and Systems (IRDS) by the IEEE predicts semiconductor node technology to reach around 0.5 nm by 2037, with transistor gate lengths of 12 nm. The research team demonstrated that the channel width modulated by the electric field applied from the 1D MTB gate can be as small as 3.9 nm, significantly exceeding the futuristic prediction.

The 1D MTB-based transistor developed by the research team also offers advantages in circuit performance. Technologies like FinFET or Gate-All-Around, adopted for the miniaturization of silicon semiconductor devices, suffer from parasitic capacitance due to their complex device structures, leading to instability in highly integrated circuits. In contrast, the 1D MTB-based transistor can minimize parasitic capacitance due to its simple structure and extremely narrow gate width.

Director JO Moon-Ho commented, "The 1D metallic phase achieved through epitaxial growth is a new material process that can be applied to ultra-miniaturized semiconductor processes. It is expected to become a key technology for developing various low-power, high-performance electronic devices in the future."
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A breakthrough in inexpensive, clean, fast-charging batteries | ScienceDaily
UChicago Pritzker Molecular Engineering Prof. Y. Shirley Meng's Laboratory for Energy Storage and Conversion has created the world's first anode-free sodium solid-state battery.


						
With this research, the LESC -- a collaboration between the UChicago Pritzker School of Molecular Engineering and the University of California San Diego's Aiiso Yufeng Li Family Department of Chemical and Nano Engineering -- has brought the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

"Although there have been previous sodium, solid-state, and anode-free batteries, no one has been able to successfully combine these three ideas until now," said UC San Diego PhD candidate Grayson Deysher, first author of a new paper outlining the team's work.

The paper, published today in Nature Energy, demonstrates a new sodium battery architecture with stable cycling for several hundred cycles. By removing the anode and using inexpensive, abundant sodium instead of lithium, this new form of battery will be more affordable and environmentally friendly to produce. Through its innovative solid-state design, the battery also will be safe and powerful.

This work is both an advance in the science and a necessary step to fill the battery scaling gap needed to transition the world economy off of fossil fuels.

"To keep the United States running for one hour, we must produce one terawatt hour of energy," Meng said. "To accomplish our mission of decarbonizing our economy, we need several hundred terawatt hours of batteries. We need more batteries, and we need them fast."

Sustainability and sodium

The lithium commonly used for batteries isn't that common. It makes up about 20 parts per million of the Earth's crust, compared to sodium, which makes up 20,000 parts per million.




This scarcity, combined with the surge in demand for the lithium-ion batteries for laptops, phones and EVs, have sent prices skyrocketing, putting the needed batteries further out of reach.

Lithium deposits are also concentrated. The "Lithium Triangle" of Chile, Argentina and Bolivia holds more than 75% of the world's lithium supply, with other deposits in Australia, North Carolina and Nevada. This benefits some nations over others in the decarbonization needed to fight climate change.

"Global action requires working together to access critically important materials," Meng said.

Lithium extraction is also environmentally damaging, whether from the industrial acids used to break down mining ore or the more common brine extraction that pumps massive amounts of water to the surface to dry.

Sodium, common in ocean water and soda ash mining, is an inherently more environmentally friendly battery material. The LESC research has made it a powerful one as well.

Innovative architecture

To create a sodium battery with the energy density of a lithium battery, the team needed to invent a new sodium battery architecture.




Traditional batteries have an anode to store the ions while a battery is charging. While the battery is in use, the ions flow from the anode through an electrolyte to a current collector (cathode), powering devices and cars along the way.

Anode-free batteries remove the anode and store the ions on an electrochemical deposition of alkali metal directly on the current collector. This approach enables higher cell voltage, lower cell cost, and increased energy density, but brings its own challenges.

"In any anode-free battery there needs to be good contact between the electrolyte and the current collector," Deysher said. "This is typically very easy when using a liquid electrolyte, as the liquid can flow everywhere and wet every surface. A solid electrolyte cannot do this."

However, those liquid electrolytes create a buildup called solid electrolyte interphase while steadily consuming the active materials, reducing the battery's usefulness over time.

A solid that flows

The team took a novel, innovative approach to this problem. Rather than using an electrolyte that surrounds the current collector, they created a current collector that surrounds the electrolyte.

They created their current collector out of aluminum powder, a solid that can flow like a liquid.

During battery assembly the powder was densified under high pressure to form a solid current collector while maintaining a liquid-like contact with the electrolyte, enabling the low-cost and high-efficiency cycling that can push this game-changing technology forward.

"Sodium solid-state batteries are usually seen as a far-off-in-the-future technology, but we hope that this paper can invigorate more push into the sodium area by demonstrating that it can indeed work well, even better than the lithium version in some cases," Deysher said.

The ultimate goal? Meng envisions an energy future with a variety of clean, inexpensive battery options that store renewable energy, scaled to fit society's needs.

Meng and Deysher have filed a patent application for their work through UC San Diego's Office of Innovation and Commercialization.

Funding: Funding to support this work was provided by the National Science Foundation through the Partnerships for Innovation (PFI) grant no. 2044465
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Chemists synthesize an improved building block for medicines | ScienceDaily
Chemists have overcome a major hurdle in synthesizing a more stable form of heterocycle -- a family of organic compounds that are a common component of most modern pharmaceuticals.


						
The research, which could expand the toolkit available to drug developers in improving the safety profiles of medications and reducing side effects, was published in Science by organic chemists at the University of British Columbia (UBC), the Massachusetts Institute of Technology (MIT), and the University of Michigan.

"Azetidines are a particularly useful, stable form of heterocycle, but synthesizing them has been incredibly challenging," says Dr. Corinna Schindler, Canada Research Chair in synthetic solutions for bioactive compounds at UBC and senior author on the paper.

Heterocycles play a major role in the design of modern drug families -- including cancer drugs and antibiotics. Some reviews indicate 85 per cent of all biologically active chemical entities contain a heterocycle.

But many heterocycles currently used in pharmaceutical design tend to oxidize under physiological conditions. This can lead to off-target effects and challenges with the safety profiles of medications.

Azetidines -- organic compounds that contain three carbon atoms and one nitrogen atom, and are liquid at room temperature -- are known to be metabolically robust and don't undergo oxidation reactions under physiological conditions.

"This is something that synthetic organic chemists have tried to achieve for a long time, and we're hopeful this will enable researchers to develop new synthetic transformations of azetidines with more useful chemical and medical functions," says Dr. Schindler, whose lab conducted the research at the University of Michigan with graduate student Emily Wearing and in conjunction with Dr. Heather Kulik's lab at the Massachusetts Institute of Technology.

The team used light-driven reactions and a computational approach to the problem and for the first time were able to engage compounds called imines productively in reactions to form new azetidines.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240703131752.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Machine learning could aid efforts to answer long-standing astrophysical questions | ScienceDaily
In an ongoing game of cosmic hide and seek, scientists have a new tool that may give them an edge. Physicists at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) have developed a computer program incorporating machine learning that could help identify blobs of plasma in outer space known as plasmoids. In a novel twist, the program has been trained using simulated data.


						
The program will sift through reams of data gathered by spacecraft in the magnetosphere, the region of outer space strongly affected by Earth's magnetic field, and flag telltale signs of the elusive blobs. Using this technique, scientists hope to learn more about the processes governing magnetic reconnection, a process that occurs in the magnetosphere and throughout the universe that can damage communications satellites and the electrical grid.

Scientists believe that machine learning could improve plasmoid-finding capability, aid the basic understanding of magnetic reconnection and allow researchers to better prepare for the aftermath of reconnection-caused disturbances.

"As far as we know, this is the first time that anyone has used artificial intelligence trained on simulated data to look for plasmoids," said Kendra Bergstedt, a graduate student in the Princeton Program in Plasma Physics, which is based at PPPL. Bergstedt was the first author of the paper reporting the results in Earth and Space Science. The work pairs the Lab's growing expertise in computational sciences with its long history of exploring magnetic reconnection.

Looking for a link

Scientists want to find reliable, accurate methods for detecting plasmoids so they can determine whether they affect magnetic reconnection, a process consisting of magnetic field lines separating, violently reattaching and releasing tremendous amounts of energy. When it occurs near Earth, reconnection can trigger a cascade of charged particles falling into the atmosphere, disrupting satellites, mobile phones and the electrical grid. "Some researchers believe that plasmoids aid fast reconnection in large plasmas," said Hantao Ji, professor of astrophysical sciences at Princeton University and a distinguished research fellow at PPPL. "But those hypotheses haven't been proven yet."

The researchers want to know whether plasmoids can change the rate at which reconnection occurs. They also want to gauge how much energy reconnection imparts to the plasma particles. "But to clarify the relationship between plasmoids and reconnection, we have to know where the plasmoids are," Bergstedt said. "That's what machine learning could help us do."

The scientists used computer-generated training data to ensure the program could recognize a range of plasma signatures. Typically, plasmoids created by computer models are idealized versions based on mathematical formulas with shapes -- like perfect circles -- that do not often occur in nature. If the program were trained only to recognize these perfect versions, it might miss those with other shapes. To prevent those misses, Bergstedt and Ji decided to use artificial, deliberately imperfect data so the program would have an accurate baseline for future studies. "Compared to mathematical models, the real world is messy," Bergstedt said. "So we decided to let our program learn using data with fluctuations that you would get in actual observations. For instance, rather than beginning our simulations with a perfectly flat electrical current sheet, we give our sheet some wobbles. We're hoping that the machine learning approach can allow for more nuance than a strict mathematical model can." This research builds on past attempts in which Bergstedt and Ji wrote computer programs that incorporated more idealized models of plasmoids.




The use of machine learning will only become more common in astrophysics research, according to the scientists. "It could particularly be helpful when making extrapolations from small numbers of measurements, as we sometimes do when studying reconnection," said Ji. "And the best way to learn how to use a new tool is to actually use it. We don't want to stand on the sidelines and miss an opportunity."

Bergstedt and Ji plan to use the plasmoid-detecting program to examine data being gathered by NASA's Magnetospheric Multiscale (MMS) mission. Launched in 2015 to study reconnection, MMS consists of four spacecraft flying in formation through plasma in the magnetotail, the area in space pointing away from the sun that is controlled by Earth's magnetic field.

The magnetotail is an ideal place to study reconnection because it combines accessibility with scale. "If we study reconnection by observing the sun, we can only take measurements from afar," Bergstedt said. "If we observe reconnection in a laboratory, we can put our instruments directly into the plasma, but the sizes of the plasmas would be smaller than those typically found in space." Studying reconnection in the magnetotail is an ideal middle option. "It's a large and naturally occurring plasma that we can measure directly using spacecraft that fly through it," Bergstedt said.

As Bergstedt and Ji improve the plasmoid-detecting program, they hope to take two significant steps. The first is performing a procedure known as domain adaptation, which will help the program analyze datasets that it has never encountered before. The second step involves using the program to analyze data from the MMS spacecraft. "The methodology we demonstrated is mostly a proof of concept since we haven't aggressively optimized it," Bergstedt said. "We want to get the model working even better than it is now, start applying it to real data and then we'll just go from there!"

This research was supported by the DOE's Fusion Energy Sciences program under contract DE-AC0209CH11466, by NASA under grants NNH15AB29I and 80HQTR21T0105, and by the National Science Foundation Graduate Research Fellowship under grant DGE-2039656.
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Mechanism of bio-inspired control of liquid flow | ScienceDaily
The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research believed that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, The Hong Kong Polytechnic University (PolyU) researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials, including applications that require multistep and repeated reactions, such as microassays, medical diagnosis and solar desalination etc. The study has been recently published in the international academic journal Science.


						
Liquid transport is an unsung miracle of nature. Tall trees, for example, have to lift huge amounts of water every day from their roots to their highest leaves, which they accomplish in perfect silence. Some lizards and plants channel water through capillaries. In the desert, where making the most of scarce moisture is vital, some beetles can capture fog-borne water and direct it along their backs using a chemical gradient.

Scientists have long sought to hone humankind's ability to move liquids directionally. Applications as diverse as microfluidics, water harvesting, and heat transfer depend on the efficient directional transport of water, or other fluids, at small or large scales. While the above species provide nature-based inspiration, they are limited to moving liquids in a single direction. A research team led by Prof. WANG Liqiu, Otto Poon Charitable Foundation Professor in Smart and Sustainable Energy, Chair Professor of Thermal-Fluid and Energy Engineering, Department of Mechanical Engineering of PolyU, has discovered that the succulent plant Crassula muscosa, native to Namibia and South Africa, can transport liquid in selected directions.

Together with colleagues from the University of Hong Kong and Shandong University, the PolyU researchers noticed that when two separate shoots of the plant were infused with the same liquids, the liquids were transported in opposite directions. In one case, the liquid travelled exclusively towards the tip, whereas the other shoot directed the flow straight to the plant root. Given the arid but foggy conditions in which C. muscosa lives, the ability to trap water and transport it in selected directions is a lifeline for the plant.

As the shoots were held horizontally, gravity can be ruled out as the cause of the selective direction of transport. Instead, the plant's special properties stem from the tiny leaves packed onto its shoots. Also known as "fins," they have a unique profile, with a swept-back body (resembling a shark's fin) tapering to a narrow ending that points to the tip of the plant. The asymmetry of this shape is the secret to C. muscosa's selective directional liquid transport. It all has to do with manipulating the meniscus -- the curved surface on top of a liquid.

Specifically, the key lies in subtle differences between the fin shapes on different shoots. When the rows of fins bend sharply towards the tip, the liquid on the shoot also flows in that direction. However, on a shoot whose fins -- although still pointing at the tip -- have a more upward profile, the direction of movement is instead to the root. The flow direction depends on the angles between the shoot body and the two sides of the fin, as these control the forces exerted on droplets by the meniscus -- blocking flow in one direction and sending it in the other.

Armed with this understanding of how the plant directs liquid flow, the team created an artificial mimic. Dubbed CMIAs, for 'C. muscosa-inspired arrays', these 3D-printed fins act like the tilted leaves of C. muscosa, controlling the orientation of liquid flow. Cleverly, while the fins on a natural plant shoot are immobile, the use of a magnetic material for artificial CMIAs allows them to be reoriented at will. Simply by applying a magnetic field, the liquid flow through a CMIA can be reversed. This opens up the possibility of liquid transport along dynamically changing paths in industrial and laboratory settings. Alternatively, flow could be redirected by changing the spacing between fins.

Numerous areas of technology stand to benefit from CMIAs. Prof. Wang said, "There are foresee applications of real-time directional control of fluid flow in microfluidics, chemical synthesis, and biomedical diagnostics. The biology-mimicking CMIA design could also be used not just for transporting liquids but for mixing them, for example in a T-shaped valve. The method is suited to a range of chemicals and overcomes the heating problem found in some other microfluidic technologies."
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Mapping the surfaces of MXenes, atom by atom, reveals new potential for the 2D materials | ScienceDaily
In the decade since their discovery at Drexel University, the family of two-dimensional materials called MXenes has shown a great deal of promise for applications ranging from water desalination and energy storage to electromagnetic shielding and telecommunications, among others. While researchers have long speculated about the genesis of their versatility, a recent study led by Drexel and the University of California, Los Angeles, has provided the first clear look at the surface chemical structure foundational to MXenes' capabilities.


						
Using advanced imaging techniques, known as scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS), the team, which also includes researchers from California State University Northridge, and Lawrence Berkeley National Laboratory, mapped the electrochemical surface topography of the titanium carbide MXene -- the most-studied and widely used member of the family. Their findings, published in the 5th anniversary issue of the Cell Press journal Matter, will help to explain the range of properties exhibited by members of the MXene family and allow researchers to tailor new materials for specific applications.

"Much of MXenes' potential results from their rich surface chemistry," said Yury Gogotsi, PhD, Distinguished University and Bach professor in Drexel's College of Engineering, a lead author of the research, whose research group participated in the materials' discovery in 2011. "Getting the first atomic-scale look at their surface, using scanning tunneling microscopy, is an exciting development that will open new possibilities for controlling the material surface and enabling applications of MXenes in advanced technologies."

Although MXenes are two-dimensional materials, the interaction that is the basis of their chemical, electrochemical, and catalytic properties -- whether it's ultrafast storage of electrical energy, splitting water to produce hydrogen, or skimming urea out of blood -- is initiated by the atoms that form their surface layer.

Previous research has provided a lower-resolution looks at the chemical structure of MXene surfaces, using technology such as scanning electron microscopy (SEM), secondary ion mass spectroscopy (SIMS) and tip-enhanced Raman spectroscopy (TERS). These tools offer indirect readings of the material's composition, but provide little information about the intricacies of its surface organization.

Scanning tunneling microscopy and scanning tunneling spectroscopy, by contrast, provide more direct information about the shape and composition of a material's surface structure, as well as its surface chemistry and properties.

These tools use an extremely sharp probe, sensitive enough to distinguish one atom from another as it scans across a flat surface. The tip of the probe carries an electric charge that enables it to interact with each atom as it passes by, this interaction -- called quantum tunneling -- provides information about the atoms on the surface of the material. Spectroscopic scans provide information about surface composition at the atomic and molecular levels. The scans are converted into images, forming topographical maps of the material's surface.




"With STM/STS, we can see atomic arrangements on MXenes' surface and even study their conductance with atomic resolution," Gogotsi said. "This is the key to understanding why MXenes have extreme properties and outperform other materials in many applications. It should also help us to explore quantum properties of MXenes and identify new opportunities for this quickly expanding family of materials."

Locating groups of atoms -- called functional groups -- identifying them and measuring their properties on the surface, given their specific location and attachment, are all important developments for understanding how MXenes interact with other chemicals and materials, according to the researchers.

"The MXene surfaces are chemically heterogeneous. That is both what makes them interesting and what makes them difficult to study," said Paul Weiss, PhD, a distinguished professor and UC Presidential chair at UCLA who led the research with Gogotsi. "We believe that it is also key to their amazing properties. However, we do not yet know which chemical functionalities are important for which applications."

The group's STM/STS imaging showed 10-nanometer features on the MXene's surface, likely to be titanium oxide clusters, and smaller protrusions, arrayed in a distorted hexagonal symmetry, that they deemed to be functional groups, which they went on to identify chemically.

The results of this research were consistent with previous theories, lower-resolution microscopy and spectral data about the surface of titanium carbide MXenes, including the prediction that their surface is metallic. However, getting a closer look at the surface defects and the nature of its heterogeneity is an important step in understanding how they affect the material's behavior, according to the team.

"In this work, we started pulling at the threads. We were able to image and to start to assign some of the chemical functionality," Weiss said. "One of the most interesting unknown aspects of MXenes is what roles their defects and heterogeneity play in their function and environmental stability. We now have our foot in the door to explore these roles."

Drawing on the collective expertise of Drexel's materials scientists, the STM groups at UCLA and Lawrence Berkley National Laboratory, and theoretical scientists at Cal State Northridge, the group will continue its rigorous analysis of the materials as it lays out a process for modulating their chemical composition to tune their functionality for different uses.
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Mobile phone data helps track pathogen spread and evolution of superbugs | ScienceDaily
A new way to map the spread and evolution of pathogens, and their responses to vaccines and antibiotics, will provide key insights to help predict and prevent future outbreaks. The approach combines a pathogen's genomic data with human travel patterns, taken from anonymised mobile phone data.


						
Researchers from the Wellcome Sanger Institute, University of the Witwatersrand and National Institute for Communicable Diseases in South Africa, the University of Cambridge, and partners across the Global Pneumococcal Sequencing project1, integrated genomic data from nearly 7,000 Streptococcus pneumoniae (pneumococcus)samples collected in South Africa with detailed human mobility data2. This enabled them to see how these bacteria, which cause pneumonia and meningitis3, move between regions and evolve over time.

The findings, published today (3 July) in Nature, suggest initial reductions in antibiotic resistance linked to the 2009 pneumococcal vaccine may be only temporary, as non-targeted strains resistant to antibiotics such as penicillin gained a 68 per cent competitive advantage.

This is the first time researchers have been able to precisely quantify the fitness -- their ability to survive and reproduce -- of different pneumococcal strains. The insight could inform vaccine development to target the most harmful strains, and may be applicable to other pathogens.

Many infectious diseases such as tuberculosis, HIV, and COVID-19 exist in multiple strains or variants circulating simultaneously, making them difficult to study. Pneumococcus, a bacterium that is a leading cause of pneumonia, meningitis, and sepsis worldwide4, is a prime example with over 100 types and 900 genetic strains globally. Pneumonia alone kills around 740,000 children under the age of five each year5, making it the single largest infectious cause of death in children.

Pneumococcal diversity hampers control efforts, as vaccines targeting major strains leave room for others to fill the vacant niches. How these bacteria spread, how vaccines affect their survival, and their resistance to antibiotics remains poorly understood.

In this new study, researchers analysed genome sequences from 6,910 pneumococcus samples collected in South Africa between 2000 and 2014 to track the distribution of different strains over time. They combined these data with anonymised records of human travel patterns collected by Meta2.




The team developed computational models which revealed pneumococcal strains take around 50 years to fully mix throughout South Africa's population, largely due to localised human movement patterns.

They found that while introduction of a pneumococcal vaccine against certain types of these bacteria in 2009 reduced the number of cases caused by those types6, it also made other non-targeted strains of these bacteria gain a 68 per cent competitive advantage, with an increasing proportion of them becoming resistant to antibiotics such as penicillin. This suggests that the vaccine-linked protection against antibiotic resistance is short-lived.

Dr Sophie Belman, first author of the study, former PhD student at the Wellcome Sanger Institute and now a Schmidt Science Fellow at the Barcelona Supercomputing Centre, Spain, said: "While we found that pneumococcal bacteria generally spread slowly, the use of vaccines and antimicrobials can quickly and significantly change these dynamics. Our models could be applied to other regions and pathogens to better understand and predict pathogen spread, in the context of drug resistance and vaccine effectiveness."

Dr Anne von Gottberg, author of the study at National Institute for Communicable Diseases, Johannesburg, South Africa, said: "Despite vaccination efforts, pneumonia remains one of the leading causes of death for children under five in South Africa. With continuous genomic surveillance and adaptable vaccination strategies to counter the remarkable adaptability of these pathogens, we may be able to better target interventions to limit the burden of disease."

Professor Stephen Bentley, senior author of the study at the Wellcome Sanger Institute, said: "The pneumococcus's diversity has obscured our view on how any given strain spreads from one region to the next. This integrated approach using bacterial genome and human travel data finally allows us to cut through that complexity, uncovering hidden migratory paths in high-definition for the first time. This could allow researchers to anticipate where emerging high-risk strains may take hold next, putting us a step ahead of potential outbreaks."

Notes
    	Partners from the Global Pneumococcal Sequencing project can be found here: https://www.pneumogen.net/gps/
    	The human mobility data used in this study are Meta Data for Good baseline data, released during the 2020 SARS-CoV-2 pandemic. These data rely on personal consent for location sharing, and Data for Good ensures individual privacy by preventing re-identification in aggregated datasets.
    	For more information on pneumococcal disease, visit: https://www.cdc.gov/pneumococcal/about/index.html
    	https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5666185/
    	https://www.who.int/news-room/fact-sheets/detail/pneumonia
    	Before these vaccines, 85 per cent of pneumococcal strains were those targeted by the vaccines. By 2014, this dropped to 33.2 per cent. This change was consistent across all nine provinces in South Africa.
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Clever clothes! Seams in clothing capture body movement | ScienceDaily
Everyday clothing may soon be able to capture and record body movements according to new research published by the Universities of Bristol and Bath.


						
Harmless low voltages are passed through conductive threads which are stitched into garment seams to create electrical circuits. Their resistance changes with the movement of the wearer's body. The work opens up new possibilities to make digital clothing which senses and captures movements much more accurately than is possible using current phones and smart watches.

The paper, presented at the Designing Interactive Systems (DIS) conference in Copenhagen today (3 July), lays the foundations for e-textile designers and clothing manufacturers to create cutting edge garments that could enhance exercise, physiotherapy and rehabilitation.

Professor Mike Fraser of the University of Bristol's School of Computer Science commented: "We're excited by the opportunity for clothing manufacturers to implement our designs in sleeves and other garment seams.

"We've shown that common overlocked seams in standard garment constructions can do a good job of sensing movement. The design avoids the need for a separate power source by pairing the seam with a charging coil, drawing the energy wirelessly from a mobile phone placed in the pocket.

"This means advanced motion sensing garments could be made without altering existing manufacturing processes.

"We have also shown that smartphone apps using advanced Artificial Intelligence (AI) techniques can use this movement data to match body movement to specific postures or gestures such as physiotherapeutic exercises."

The team have produced a short film for the conference illustrating how the technique works.
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Using visible light to make pharmaceutical building blocks | ScienceDaily
University of Michigan chemists have discovered a way to use visible light to synthesize a class of compounds particularly well suited for use in pharmaceuticals.


						
The class of compounds, called azetidines, had been previously identified as a good candidate to build therapeutic drugs, but the compounds are difficult to produce in chemical reactions. Now, a team led by University of Michigan chemist Corinna Schindler has developed a method to produce a specific class of azetidines called monocyclic azetidines using visible light and a photocatalyst. Their results are published in the journal Science.

Approximately 60% of pharmaceutical drugs contain building blocks in the form of compounds called nitrogen heterocycles. Nitrogen heterocycles are structures of atoms organized in a ring that contain at least one nitrogen atom, the most common of which have five- and six-membered ring systems. These systems are often used as building blocks in pharmaceuticals.

"These building blocks are very accessible and you can put them together like Legos to build compounds that we can then use for chemical or medicinal testing. But the problem is that a lot of these five or six membered ring systems are not as stable as you'd want them to be," Schindler said.

"The ring systems can break down in the body after a patient has ingested a therapeutic drug. Because the compound can be metabolized by the human body, what you give initially to a patient may not necessarily be what you would find in the body after the patient has taken it, and that is a problem."

Instead, researchers suggest using monocyclic azetidines, a more stable four-membered ring system. But, says Emily Wearing, lead author of the study who recently earned her doctorate from Schindler's lab, the key reactions chemists use to produce azetidines have specific challenges.

The reactions either can't be widely applied or they only produce azetidines with specific substitution patterns. Researchers want to produce azetidines with different substitution patterns because this allows researchers to try a variety of the molecule as building blocks in drug synthesis and drug screening.




Further, the U-M researchers used a method called a [2+2]-cycloaddition to create monocyclic azetidines. This method usually requires photoexcitation, or the excitation of atoms or molecules in a compound through the absorption of energy, according to Schindler. In other words, the reaction needs light.

In the reaction, the researchers used two classes of compounds called acyclic imines and alkenes, which are highly desirable as starting materials because they can be easily varied to produce different products, Wearing says. However, when you use light to excite the imine, the acyclic imine decays from the excited state before it can undergo the cycloaddition, Schindler says.

Previously, there has been a successful example of this reaction, Wearing says, but it used ultraviolet light, which presents safety challenges, and it used different imines and alkenes.

"This also means access to these highly desirable monocyclic azetidine building blocks is much more limited using this approach," Wearing said. "The use of visible light versus UV light is an important benefit, but our key discovery was being able to use a visible light approach to produce monocyclic azetidines."

Their method uses visible light and a photocatalyst to allow access to the required excited state intermediates in what's called an aza Paterno-Buchi reaction. To determine exactly why the reaction worked, Schindler's lab teamed up with the lab of Heather Kulik, associate professor of chemical engineering at the Massachusetts Institute of Technology.

Her lab ran a computational analysis that found using specific classes of the imines and alkenes starting materials would facilitate a better match in energy between those starting materials, which lowered the barrier for reaction. They also analyzed what factors led to high yields of azetidines.




When researchers develop a new reaction like this, they also need to show that it can work for many combinations of substrates, according to Seren Parikh, a graduate student in Schindler's lab. He and postdoctoral research fellow Yu-Cheng Yeh showed that the team's reaction could work on multiple versions of imine and alkene compounds.

"Someone might show that a new reaction works, but if it only works on a single compound, it is not useful to anyone because pharmaceutical companies are likely wanting to use the reaction on their unique compound," Parikh said. "What we can do is show that the reaction works on a diverse range of substrates to essentially prove that the reaction is worth the pharmaceutical company's time to try."

Parikh and Yeh were able to show that they could produce six biologically relevant azetidine compounds, including using the reaction to attach an azetidine to an estrogen derivative, a natural steroid in the human body. Yeh also used this method to synthesize analogues of penaresidin B, which has been shown to be toxic to tumor cells. This is the first total synthesis of this natural product using the [2+2]-cycloaddition

"The synthesis of these azetidine compounds are examples to demonstrate that this synthetic methodology can be applied to make complicated molecules and medicine-like molecules," Yeh said.

Understanding what makes this chemical reaction work will allow the group and the field of medicinal chemistry to design related reactions in the future. New work can build upon this design principle to access other azetidines to be incorporated into new pharmaceuticals, Schindler says.

"Now we can access these types of building blocks that people have wanted for a long time, but couldn't directly access," she said. "The process we have developed can now be used in the future as basically a blueprint for future reaction development."
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Precise and less expensive 3D printing of complex, high-resolution structures | ScienceDaily
Researchers have developed a new two-photon polymerization technique that uses two lasers to 3D print complex high-resolution structures. The advance could make this 3D printing process less expensive, helping it find wider use in a variety of applications.


						
Two-photon polymerization is an advanced additive manufacturing technique that traditionally uses femtosecond lasers to polymerize materials in a precise, 3D manner. Although this process works well for making high-resolution microstructures, it isn't widely used in manufacturing because femtosecond lasers are expensive and increase the cost of printing parts.

"We combined a relatively low-cost laser emitting visible light with a femtosecond laser emitting infrared pulses to reduce the power requirement of the femtosecond laser," said research team leader Xianfan Xu from Purdue University. "In this way, with a given femtosecond laser power, the printing throughput can be increased, leading to a lower cost for printing individual parts."

In the Optica Publishing Group journal Optics Express, the researchers show that the two-laser approach reduces the femtosecond laser 3D printing power needed by as much as 50% compared to using a femtosecond laser alone.

"3D printing with high resolution has many applications, including 3D electronics devices, micro-robots for the biomedical field and 3D structures or scaffolds for tissue engineering," said Xu. "Our novel, 3D printing approach can be readily implemented in many existing femtosecond laser 3D printing systems."

Finding the right laser balance

The new work is part of the research team's effort to continuously improve the printing speed and reduce the printing cost for two-photon polymerization, which uses the phenomenon of two-photo absorption to precisely cure, or solidify, a photosensitive material.




"In a conventional two-photon polymerization printing process, the femtosecond laser is first used to initiate a photochemical process that reduces the inhibition species in the material before printing starts," said Xu. "We used a low-cost laser for this purpose instead."

The new approach combines single-photon absorption from a 532 nm nanosecond laser with two-photon absorption from an 800-nm femtosecond laser. For this to work, the researchers had to find the right balance between the printing and inhibition caused by the two lasers. They did this by creating a new mathematical model to help them understand the photochemical processes involved and to compute the combined effect of two-photon and single-photon excitation processes. They also used the model to identify the dominant processes controlling how much the femtosecond laser's power could be reduced while still achieving desirable printing results.

Printing detailed structures

After finetuning the new approach, they used it to print various 2D and 3D structures using reduced femtosecond laser power. These included detailed woodpiles measuring just 25 x 25 x 10 mm as well as a micron-scale buckyball, chiral structure and trefoil knot. Experimental results showed that the new method reduced the power required from the femtosecond laser by up to 80 percent for 2D structures and up to around 50 percent for 3D structures.

"This new printing approach could impact manufacturing technologies, influencing the development of devices across consumer electronics and healthcare sectors both now and in the future," said Xu. The researchers are now working to further improve the printing speed and reduce the cost of 3D printing.
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Giant clams may hold the answers to making solar energy more efficient | ScienceDaily
In a new study, Yale researcher Alison Sweeney found that giant clams in the Western Pacific may be the most efficient solar energy system on the planet.


						
Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new Yale-led study.

This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

"It's counter-intuitive to a lot of people, because clams operate in intense sunlight, but actually they're really dark on the inside," said Alison Sweeney, associate professor of physics and of ecology and evolutionary biology in Yale's Faculty of Arts and Sciences. "The truth is that clams are more efficient at solar energy conversion than any existing solar panel technology."

In the new study, published in the journal PRX: Energy, a research team led by Sweeney presents an analytical model for determining the maximum efficiency of photosynthetic systems based on the geometry, movement, and light-scattering characteristics of giant clams. It is the latest in a series of research studies from Sweeney's lab that highlight biological mechanisms from the natural world that could inspire new sustainable materials and designs.

In this case, the researchers looked specifically at the impressive solar energy potential of iridescent giant clams in the shallow waters of Palau in the Western Pacific.

The clams are photosymbiotic, with vertical cylinders of single-celled algae growing on their surface. The algae absorb sunlight -- after the light has been scattered by a layer of cells called iridocytes.




Both the geometry of the algae and the light scattering of the iridocytes are important, the researchers say. The algae's arrangement in vertical columns -- which makes them parallel to the incoming light -- enables the algae to absorb sunlight at the most efficient rate. This is because the sunlight has been filtered and scattered by the layer of iridocytes, and the light then wraps uniformly around each vertical algae cylinder.

Based on the giant clams' geometry, Sweeney and her colleagues developed a model to calculate quantum efficiency -- the ability to convert photons into electrons. The researchers also factored in fluctuations in sunlight, based on a typical day in the tropics with a sunrise, midday sun intensity, and sunset. The quantum efficiency was 42%.

But then the researchers added a new wrinkle: the way giant clams stretch themselves in reaction to changes in sunlight. "Clams like to move and groove throughout the day," Sweeney said. "This stretching moves the vertical columns farther apart, effectively making them shorter and wider."

With this new information, the clam model's quantum efficiency jumped to 67%. By comparison, Sweeney said, a green leaf system's quantum efficiency in a tropical environment is only about 14%.

An intriguing comparison, according to the study, would be northern spruce forests. The researchers said boreal spruce forests, surrounded by fluctuating layers of fog and clouds, share similar geometries and light-scattering mechanisms with giant clams, but on a much larger scale. And their quantum efficiency is nearly identical.

"One lesson from this is how important it is to consider biodiversity, writ large," Sweeney said. "My colleagues and I continue to brainstorm about where else on Earth this level of solar efficiency might happen. It is also important to recognize we can only study biodiversity in places where it is maintained."

She added: "We owe a major debt to Palauans, who put vital cultural value on their clams and reefs and work to keep them in pristine health."




Such examples may offer inspiration and insights for more efficient sustainable energy technology.

"One could envision a new generation of solar panels that grow algae, or inexpensive plastic solar panels that are made out of a stretchy material," Sweeney said.

The study's first author is Amanda Holt, an associate research scientist in Sweeney's lab. The study's co-author is Lincoln Rehm, a Palauan-American and former graduate student at Drexel University and researcher at the Palau International Coral Reef Center, who is now at the National Oceanography and Atmospheric Administration.

The research was funded by a Packard Foundation fellowship and the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240702161520.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



What was behind the 2021-2022 energy crisis within Europe? | ScienceDaily
An energy crisis hit Europe in 2021-2022, following Russia's invasion of Ukraine, which sent electricity prices skyrocketing -- even within countries that don't rely on Russian gas. It begs the question: Was there more to it?


						
A team of researchers from the Institute for Energy and Climate Research at Forschungszentrum Julich, the University of Cologne, and the Norwegian University of Life Sciences had already been working with electricity price data for years, exploring statistics and developing forecasting methods. Adopting a European perspective, they zeroed in on how prices in different countries relate and how countries were affected by the energy crisis.

In Chaos, from AIP Publishing, the team addresses the interdependencies of different markets.

"We use an empirical approach to these topics and complement modeling efforts by economists," said Dirk Witthaut, a professor of network science for the Institute for Energy and Climate Research at Forschungszentrum Julich and the University of Cologne.

This approach combines statistical physics and network science, which "provide very useful tools to study questions well beyond the traditional realm of physics," said Witthaut. "The biggest step is to see the connections."

First, the researchers identify communities -- groups of European countries whose markets are strongly correlated. Then, they identify the fundamental spatiotemporal patterns within the electricity price/time data from all countries. The exciting part for the researchers was how these structures and patterns changed during the energy crisis.

The team noticed Russian natural gas and skyrocketing electricity prices were frequently attributed to the soaring gas prices, while other factors were simultaneously at play with impacts that should not be underestimated.




"Remarkably, France and southern Norway saw the strongest increase in electricity prices -- although they do not rely on Russian gas for electric power plants," said Witthaut. "The high unavailability of nuclear power plants in France and the operation of new interconnectors from Norway to the continent surely played a role."

The team found that when the energy crisis shook European electricity markets, the structures and patterns within the electricity price data changed in a variety of ways.

"Our results emphasize that a national perspective on electricity systems can be quite misleading," he said. "Europe's electric power system is highly integrated, which is overall highly beneficial for the customers."

The researchers hope their work will strengthen the European perspective in the political debate about electricity markets and prices, because problems like this are best tackled via international cooperation. They expect immediate impacts within the field of electricity price forecasting.

"Most scientists only look at one national market, but the interactions with other countries must not be neglected," said Witthaut. "We'll get accurate forecasts only if we model all countries together."

The next step for the team is to move beyond analyzing correlations to identifying cause and effects.

"There's an intensive debate about how changes in our electricity mix affect prices and costs," said Witthaut. "How does the rise of renewable power affect market prices? How important are nuclear power plants for the market? We can't answer these questions by a simple correlation analysis. Instead, we need statistical tools that can quantify causal effects."
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Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature | ScienceDaily
Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of laser light. This accomplishment means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy.


						
For nearly 50 years, physicists have dreamed of the secrets they could unlock by raising the energy state of an atom's nucleus using a laser. The achievement would allow today's atomic clocks to be replaced with a nuclear clock that would be the most accurate clock to ever exist, allowing advances like deep space navigation and communication. It would also allow scientists to measure precisely whether the fundamental constants of nature are, in fact, really constant or merely appear to be because we have not yet measured them precisely enough.

Now, an effort led by Eric Hudson, professor of physics and astronomy at UCLA, has accomplished the seemingly impossible. By embedding a thorium atom within a highly transparent crystal and bombarding it with lasers, Hudson's group has succeeded in getting the nucleus of the thorium atom to absorb and emit photons like electrons in an atom do. The astonishing feat is described in a paper published in the journal Physical Review Letters.

This means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy. The reason is that atomic electrons are influenced by many factors in their environment, which affects how they absorb and emit photons and limits their accuracy. Neutrons and protons, on the other hand, are bound and highly concentrated within the nucleus and experience less environmental disturbance.

Using the new technology, scientists may be able to determine if fundamental constants, such as the fine-structure constant which sets the strength of the force that holds atoms together, vary. Hints from astronomy suggest that the fine-structure constant might not be the same everywhere in the universe or at all points in time. Precise measurement using the nuclear clock of the fine-structure constant could completely rewrite some of these most basic laws of nature.

"Nuclear forces are so strong it means the energy in the nucleus is a million times stronger than what you see in the electrons, which means that if the fundamental constants of nature deviate, the resulting changes in the nucleus are much bigger and more noticeable, making measurements orders of magnitude more sensitive," Hudson said. "Using a nuclear clock for these measurements will provide the most sensitive test of 'constant variation' to date and it is likely no experiment for the next 100 years will rival it."

Hudson's group was the first to propose a series of experiments to stimulate thorium-229 nuclei doped into crystals with a laser, and has spent the past 15 years working to achieve the newly published results. Getting neutrons in the atomic nucleus to react to laser light is challenging because they are surrounded by electrons, which react readily to light and can reduce the number of photons actually able to reach the nucleus. A particle that has raised its energy level, such as through absorption of a photon, is said to be in an "excited" state.




The UCLA team embedded thorium-229 atoms within a transparent crystal rich in fluorine. Fluorine can form especially strong bonds with other atoms, suspending the atoms and exposing the nucleus like a fly in a spider web. The electrons were so tightly bound with the fluorine that the amount of energy it would take to excite them was very high, allowing lower energy light to reach the nucleus. The thorium nuclei could then absorb these photons and re-emit them, allowing the excitation of the nuclei to be detected and measured. By changing the energy of the photons and monitoring the rate at which the nuclei are excited, the team was able to measure the energy of the nuclear excited state.

"We have never been able to drive nuclear transitions like this with a laser before," Hudson said. "If you hold the thorium in place with a transparent crystal, you can talk to it with light."

Hudson said the new technology could find uses wherever extreme precision in timekeeping is required in sensing, communications and navigation. Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

"Nobody gets excited about clocks because we don't like the idea of time being limited," he said. "But we use atomic clocks all the time every day, for example, in the technologies that make our cell phones and GPS work."

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtains on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.

"Humans, like most life on Earth, exist at scales either far too small or far too large to observe what might really be going on in the universe," Hudson said. "What we can observe from our limited perspective is a conglomeration of effects at different scales of size, time and energy and the constants of nature we've formulated seem to hold at this level.

"But if we could observe more precisely, these constants might actually vary! Our work has taken a big step toward these measurements and, either way, I am sure we will be surprised at what we learn."

The research was funded by the U.S. National Science Foundation.

"For many decades, increasingly precise measurements of fundamental constants have allowed us to better understand the universe at all scales and subsequently develop new technologies that grow our economy and strengthen our national security," said Denise Caldwell, acting assistant director of NSF's Mathematical and Physical Sciences Directorate, which provided funding for the research. "This nucleus-based technique could one day allow scientists to measure some fundamental constants so precisely that we might have to stop calling them 'constant.'"
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Optoelectronics gain spin control from chiral perovskites and III-V semiconductors | ScienceDaily
A research effort led by scientists at the U.S. Department of Energy's (DOE's) National Renewable Energy Laboratory (NREL) has made advances that could enable a broader range of currently unimagined optoelectronic devices.


						
The researchers, whose previous innovation included incorporating a perovskite layer that allowed the creation of a new type of polarized light-emitting diode (LED) that emits spin-controlled photons at room temperature without the use of magnetic fields or ferromagnetic contacts, now have gone a step further by integrating a III-V semiconductor optoelectronic structure with a chiral halide perovskite semiconductor. That is, they transformed an existing commercialized LED into one that also controls the spin of electrons. The results provide a pathway toward transforming modern optoelectronics, a field that relies on the control of light and encompasses LEDs, solar cells, and telecommunications lasers, among other devices.

"It's up to one's imagination where this might go or where this might end up," said Matthew Beard, a senior research fellow at NREL and coauthor of the newly published Nature article, "Room temperature spin injection across a chiral-perovskite/III-V interface."

Beard also serves as director of the Center for Hybrid Organic Inorganic Semiconductors for Energy (CHOISE), an Energy Frontier Research Center funded by the Office of Science Basic Energy Sciences within DOE. The reported research was funded by CHOISE and relied on a broad range of scientific expertise drawn from NREL, the Colorado School of Mines, University of Utah, University of Colorado Boulder, and the Universite de Lorraine in France.

The goal of CHOISE is to understand control over the interconversion of charge, spin, and light using carefully designed chemical systems. In particular, the work focuses on control over the electron spin that can be either "up" or "down." Most current-day optoelectronic devices rely on the interconversion between charge and light. However, spin is another property of electrons, and control over the spin could enable a wide plethora of new effects and functionality. The researchers published a paper in 2021 in which they reported how by using two different perovskite layers they were able to control the spin by creating a filter that blocks electrons "spinning" in the wrong direction.

They hypothesized at the time that advancements could be made in optoelectronics if they could successfully incorporate the two semiconductors, and then went on to do just that. The breakthroughs made, which include eliminating the need for subzero Celsius temperatures, can be used to increase data processing speeds and decrease the amount of power needed.

"Most current-day technologies are all based on controlling charge," Beard said. "Most people just forget about the electron spin, but spin is very important, and it's also another parameter that one can control and utilize."

Manipulating the spin of electrons in a semiconductor has previously required the use of ferromagnetic contacts under an applied magnetic field. Using chiral perovskites, the researchers were able to transform an LED to one that emits polarized light at room temperature and without a magnetic field. Chirality refers to the material's structure that cannot be superimposed on its mirror image, such as a hand. For example, a "left-handed" oriented chiral system may allow transport of electrons with "up" spins but block electrons with "down" spins, and vice versa. The spin of the electron is then converted to the "spin," or polarization, of the emitted light. The degree of polarization, which measures the intensity of light that is polarized in one direction, reached about 2.6% in the previous research. The addition of the III-V semiconductor -- which is made of materials in the third and fifth columns of the periodic table -- boosted the polarization to about 15%. The degree of polarization serves as a direct measure of spin accumulation in the LED.

"This work is particularly exciting to me, as it combines spin functionality with a traditional LED platform," said the first author of the work, Matthew Hautzinger. "You can buy an LED analogous to what we used for 14 cents, but with the chiral perovskite incorporated, we've transformed an already robust (and well understood) technology into a futuristic spin-control device."
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Study explores what motivates people to watch footage of disasters and extreme weather | ScienceDaily
Extreme weather events such as hurricanes and storms have increased in both frequency and severity in recent years.


						
With that has come heightened public interest, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord.

Now, a new study conducted at the University of Plymouth has for the first time analysed what might be motivating people to watch these streams -- in some instances for up to 12 hours at a time.

The research centred around the live-streaming of three events -- Hurricane Irma in 2017, Hurricane Ian in 2022, and Storms Dudley, Eunice and Franklin in 2022.

Through a detailed analysis of viewers' comments, it was found that people in affected areas were using streams to discuss official government risk advice they had received -- for example, about whether to evacuate.

Others were drawn to the streams because they had a previous connection to the affected region. For these people, watching live footage -- which included taking time to share messages of 'hope' for the hurricane or storm to pass without destruction -- was a way of showing support to places and people impacted by the event.

The research was published in the journal Environmental Hazards and conducted by Dr Simon Dickinson, Lecturer in Geohazards and Risk in the University's School of Geography, Earth and Environmental Sciences.




He said: "When dramatic things happen -- whether that relates to extreme weather or events like tornados or volcanoes erupting -- people flock to watch. You might assume that this is just a form of online 'rubber-necking, and that people are naturally drawn to spectacular sights. However, this study has shown that the drivers to watch extreme weather footage are more complex. Live-streams provide the opportunity for people in, close to, and far away from the event to interact in real time. The footage becomes a marker that people use to sense-check their understandings of how significant the event is, how hazards work, and as an online gathering point to share experiences of similar events. It is a fascinating insight into human behaviour that has previously been unexplored."

The research focused on nine live-streams of the 2017 and 2022 hurricanes and storms, which broadcast a total of 65 hours of video footage watched by more than 1.8 million people.

During that time, over 14,300 comments were left by 5,000 unique accounts, a reflection of the fact that footage focused on unfolding events of national or global importance generate higher-than-normal audience engagement.

Many of the streams were already existing webcam channels that were repurposed during the hurricane or storm, such as webcams that streamed beach or port conditions. In some instances, affected people streamed live-footage from their own house security or doorbell cameras.

The study demonstrates that people are keen to learn more about the science behind what is happening, highlighting the need for further work that examines how people are using new technologies to make sense of hazard risk.

Dr Dickinson added: "Although scientists are getting better at communicating risk, people are far more likely to discuss hazards in informal and relatively unmoderated settings. Moments of extreme weather are important because they focus people's attention and generate discussion about hazards, how they work, and how they will increasingly affect us in future. New digital practices -- such as live-streaming -- are thus important for us to understand because they're not just spaces of disaster voyeurism. Rather, they're spaces of learning, community and emotional support in a world that can feel increasingly volatile."
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Exploring the chemical space of the exposome: How far have we gone? | ScienceDaily

In science lingo the aggregate of all the molecules we are exposed to is called the 'exposome chemical space' and it is central to Samanipour's scientific endeavours. It is his mission to explore this vast molecular space and map it to the most 'remote' corners. He is driven by curiosity, but even more so by necessity. Direct and indirect exposure to a myriad of chemicals, mostly unknown, poses a significant threat to the human health. For instance, estimates are that 16% of global premature deaths are linked to pollution. The environment suffers as well, which can be seen, for example, in the loss of biodiversity. The case can be made, according to Samanipour, that humankind has surpassed the safe operating space for introducing human-made chemicals into the system of planet Earth.

Current approach is inherently passive

"It is rather unsatisfactory that we know so little about this," he says. "We know little about the chemicals already in use, let alone that we can keep up with new chemicals that are currently being manufactured at an unprecedented rate." In a previous study, he estimated that less than 2% of all chemicals that we are exposed to have been identified.

"The way society approaches this issue is inherently passive and at best reactive. Only after we observe some sort of effects of exposure to chemicals do we feel the urge to analyse them. We attempt to determine their presence, their effect on the environment and human health, and we try to determine the mechanisms by which they cause any harm. This has led to many problems, the latest being the crisis with PFAS chemicals. But we have also seen major issues with flame retardants, PCBs, CFCs and so on."

Moreover, regulatory measures are predominantly aimed at chemicals with a very specific molecular structure that are produced in large quantities. "There are countless numbers of other chemicals out there where we don't know much about. And these are not only man-made; nature also produces chemicals that can harm us. Through purely natural synthetic routes, or through the transformation of human-made chemicals." In particular the latter category has been systematically overlooked according to Samanipour. "Conventional methods have catalogued only a fraction of the exposome, overlooking transformation products and often yielding uncertain results."

We need a data-driven approach

The paper in JACS Au thoroughly reviews the latest efforts in mapping the exposome chemical space and discusses their results. A main bottleneck is that conventional chemical analysis is biased towards known or proposed structures, since this is key to interpreting data obtained with analytical methods such as chromatography and mass spectrometry (GC/LC-HRMS). Thus the more 'unexpected' chemicals are overlooked. This bias is avoided in so-called non-targeted analysis (NTA), but even then results are limited. Over the past 5 years, 1600 chemicals have been identified while every year around 700 new chemicals are introduced into the US market alone. Samanipour: "When you take the potential transformation products of these novel chemicals into account, you have to conclude that the speed of NTA studies is far too slow to be able to catch up. At this rate, our chemical exposome will continue to remain unknown."




The paper lists these and many more bottlenecks in current analytical science and suggest ways to improve results. In particular the use of machine learning and artificial intelligence will really push the field ahead, Samanipour argues. "We need a data-driven approach along several lines. Firstly, we should intensify the datamining efforts to distil information from existing chemical databases. Already recorded relations between structure, exposure and effect of identified chemicals will lead us to new insights. They could for instance help predict the health effects of related chemicals that are yet unidentified. Secondly, we have to perform retrospective analysis on already available analytical data obtained with established methods, expanding the identified chemical space. We will for sure find molecules there that have been overlooked until now. And thirdly, we can use AI to work on understanding the structure and scope of the exposome chemical space."

Work hard to tackle this

Of course all this is a very complex, daunting matter, Samanipour realises. But as a sort of astronaut in molecular space -- just like the explorers of the factual universe -- he won't let that complexity put him off. "We have to work hard to tackle this. I have no illusion that during my scientific career we will be able to fully chart the exposome chemical space. But it is imperative that we face its complexity, discuss it and take the first steps towards getting to grips with it."

Samanipour cooperated with colleagues at the UvA's Institute for Biodiversity and Ecosystem Dynamics, the School of Public Health at Imperial College London (United Kingdom) and the Queensland Alliance for Environmental Health Sciences at the University of Queensland (Australia). The work was supported by the TKI ChemistryNL and the UvA Data Science Center, with additional local funding for the partners in the UK and Australia.
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Crucial gaps in climate risk assessment methods | ScienceDaily
A study by Stefano Battiston of the Department of Finance at the University of Zurich and his co-authors has identified critical shortcomings in the way climate-related risks to corporate assets are currently assessed. Many current estimates of climate physical climate risk rely on simplified and proxy data that do not accurately represent a company's true risk exposure. This can lead to significant underestimates of climate-related losses, with serious implications for business investment planning, asset valuation and climate adaptation efforts.


						
Potential losses up to 70% higher than previously estimated

The research team developed a new methodology that uses detailed information about the location and characteristics of a company's physical assets, such as factories, equipment and natural resources. This approach provides a more accurate picture of climate risks than methods that use proxy data, which often assume that all of a company's assets are located at its headquarters. "When we compared our results with those using proxy data, we found that the potential losses from climate risks could be up to 70% higher than previously thought," says Stefano Battiston. "This underscores the critical need for more granular data in risk assessments."

Preparing for the worst: The role of extreme events

The authors also point to the importance of considering "tail risk" in climate assessments. Tail risk refers to the possibility of extreme events that, while rare, can have catastrophic impacts. "Many assessments focus on average impacts. Our research shows that the potential losses from extreme events can be up to 98% higher than these averages suggest," says Stefano Battiston. "Failure to account for these possibilities can leave businesses and investors dangerously unprepared."

More funding for climate adaptation

The study's findings have significant implications for climate policy, business strategy, and investment decisions. The researchers emphasize that more accurate risk assessments are crucial for developing effective climate adaptation strategies and determining appropriate levels of climate-related insurance and funding. "Our work shows that we may be seriously underestimating the financial resources needed for climate adaptation," concludes Stefano Battiston.
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Neutrons on classically inexplicable paths | ScienceDaily
Can a particle be in two different places at the same time? In quantum physics, it can: Quantum theory allows objects to be in different states at the same time -- or more precisely: in a superposition state, combining different observable states. But is this really the case? Perhaps the particle is actually in a very specific state, at a very specific location, but we just don't know it?


						
The question of whether the behaviour of quantum objects could perhaps be described by a simple, more classical theory has been discussed for decades. In 1985, a way of measuring this was proposed: the so-called "Leggett-Garg inequality." Any theory that describes our world without the strange superposition states of quantum theory must obey this inequality. Quantum theory, on the other hand, violates it. Measurements with neutrons testing this "Leggett-Garg inequality" have now been carried out for the first time at TU Wien -- with a clear result: the Leggett-Garg inequality is violated, classical explanations are not possible, quantum theory wins. The results have now been published in the journal Physical Review Letters.

Physical realism

We normally assume that every object has certain properties: A ball is at a certain location, it has a certain speed, perhaps also a certain rotation. It doesn't matter whether we observe the ball or not. It has these properties quite objectively and independently of us. "This view is known as 'realism'," says Stephan Sponar from the Atomic Institute at TU Wien.

We know from our everyday experience that large, macroscopic objects in particular must obey this rule. We also know that Macroscopic objects can be observed without being influenced significantly. The measurement does not fundamentally change the state. These assumptions are collectively referred to as "macroscopic realism."

However, quantum theory as we know it today is a theory that violates this macroscopic realism. If different states are possible for a quantum particle, for example different positions, speeds or energy values, then any combination of these states is also possible. At least as long as this state is not measured. During a measurement, the superposition state is destroyed: the measurement forces the particle to decide in favour of one of the possible values.

The Leggett-Garg inequality

Nevertheless, the quantum world must be logically connected to the macroscopic world -- after all, large things are made up of small quantum particles. In principle, the rules of quantum theory should apply to everything.




So the question is: Is it possible to observe behaviour in "large" objects that cannot be reconciled with our intuitive picture of macroscopic realism? Can macroscopic things also show clear signs of quantum properties?

In 1985, physicists Anthony James Leggett and Anupam Garg published a formula with which macroscopic realism can be tested: The Leggett-Garg Inequality. "The idea behind it is similar to the more famous Bell's inequality, for which the Nobel Prize in Physics was awarded in 2022," says Elisabeth Kreuzgruber, first author of the paper. "However, Bell's inequality is about the question of how strongly the behaviour of a particle is related to another quantum entangled particle. The Leggett-Garg inequality is only about one single object and asks the question: how its state at specific points in time related to the state of the same object at other specific points in time?"

Stronger correlations than classical physics allows

Leggett and Garg assumed an object that can be measured at three different times, each measurement can have two different results. Even if we know nothing at all about whether or how the state of this object changes over time, we can still statistically analyse how strongly the results at different points in time correlate with each other.

It can be shown mathematically that the strength of these correlations can never exceed a certain level -- assuming that macroscopic realism is correct. Leggett and Garg were able to establish an inequality that must always be fulfilled by every macroscopic realistic theory, regardless of any details of the theory.

However, if the object adheres to the rules of quantum theory, then there must be significantly stronger statistical correlations between the measurement results at the three different points in time. If an object is actually in different states at the same time between the measurement times, this must -- according to Leggett and Garg -- lead to stronger correlations between the three measurements.




Neutron beams: Centimetre-sized quantum objects

"However, it is not so easy to investigate this question experimentally," says Richard Wagner. "If we want to test macroscopic realism, then we need an object that is macroscopic in a certain sense, i.e. that has a size comparable to the size of our usual everyday objects." At the same time, however, it must be an object that has a chance of still showing quantum properties.

"Neutron beams, as we use them in a neutron interferometer, are perfect for this," says Hartmut Lemmel, instrument responsible at the S18 instrument at the Institut Laue-Langevin (ILL) in Grenoble, where the experiment was conducted. In the neutron interferometer, a silicon perfect crystal interferometer that was first successfully used at the Atomic Institute of TU Wien in the early 1970s, the incident neutron beam is split into two partial beams at the first crystal plate and then recombined by another piece of silicon. There are therefore two different ways in which neutrons can travel from the source to the detector.

"Quantum theory says that every single neutron travels on both paths at the same time," says Niels Geerits. "However, the two partial beams are several centimetres apart. In a sense, we are dealing with a quantum object that is huge by quantum standards."

Using a sophisticated combination of several neutron measurements, the team at TU Wien was able to test the Leggett-Garg inequality -- and the result was clear: the inequality is violated. The neutrons behave in a way that cannot be explained by any conceivable macroscopically realistic theory. They actually travel on two paths at the same time, they are simultaneously located at different places, centimetres apart. The idea that "maybe the neutron is only travelling on one of the two paths, we just don't know which one" has thus been refuted.

"Our experiment shows: Nature really is as strange as quantum theory claims," says Stephan Sponar. "No matter which classical, macroscopically realistic theory you come up with: It will never be able to explain reality. It doesn't work without quantum physics."
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True scale of carbon impact from long-distance travel revealed | ScienceDaily
The reality of the climate impact of long-distance passenger travel has been revealed in new research from the University of Leeds.


						
Despite only accounting for less than 3% of all trips by UK residents, journeys of more than 50 miles (one way) are responsible for 70% of all passenger travel-related carbon emissions.

The disparity is even greater when international travel is singled-out: international journeys are only 0.4% of total trips but are responsible for 55% of emissions.

The new research, published today in the journal Nature Energy, also shows that targeting long-distance travel may be a more effective way of tackling emissions than current efforts which focus on local and commuter journeys.

Whilst the number of long and short distance domestic journeys by car have fallen slightly over the last 25 years, international air travel has increased significantly, driven by an increase in trips for leisure and visiting friends and family.

Dr Zia Wadud from the University's Institute for Transport Studies and School of Chemical and Process Engineering and who led the research, said: "The scale of the impact of long-distance travel is very large indeed. That just less than 3% of our trips are responsible for around 60% of miles and 70% of emissions shows how important long-distance travel is in the fight to combat climate change.

"Worryingly, long distance trips, especially flights, have been growing; however, they offer opportunities too."

Using a new metric they have created, called emission reduction sensitivity, the research team has calculated which types of travel could be changed to maximise a reduction in carbon emissions from passenger travel whilst affecting as few people or trips as possible.




Greater potential from reducing long-distance travel

The research found that if all car journeys under eight miles were shifted to walking or cycling, there would be a 9.3% reduction in carbon emissions. However, around 55% of all journeys would need to be shifted to achieve this, as most travel is done locally and in cars.

Calculated by dividing the carbon reduction percentage by the percentage of journeys altered, the emission reduction sensitivity for this change would be just 0.17 -- the lowest recorded in the study.

By contrast, if all flights of less than 1,000 miles were moved to rail, there would be a 5.6% reduction in emissions but only 0.17% of journeys would be affected -- resulting in a sensitivity value of 33.2.

At the top end, theoretically limiting everyone who flies now to one return flight abroad per year would have a value of 158.3, as so few journeys would be affected.

The researchers stress that the potential changes are only suggestions meant to make us realise and reassess the impact of our long-distance travel, rather than concrete policy proposals.




Dr Muhammad Adeel, a co-author now at the Centre for Transport and Society at the University of the West of England, added: "Whilst efforts to move local journeys to more sustainable modes of transport are really positive, by omitting aviation emissions from national statistics -- as is the case at the moment in nearly all countries -- we are not getting a holistic picture and ignoring a large part of the problem."

A call to rethink our travel's carbon impact

The researchers also hope that their findings can act as a driver for policymakers to look at changes in how effort is assigned when dealing with the impact of travel on the environment.

The data was collected from the Department for Transport's National Travel Survey, and the International Passenger Survey, which is organised by the Office for National Statistics.

The research also offers the public an insight into the impact that changing their behaviour could have.

Dr Wadud added: "The important thing both at the policy and personal level is that we prioritise the relatively fewer longer distance trips -- especially flights -- in order to realize the largest reductions."
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Researchers unlock 'materials genome', opening possibilities for next-generation design | ScienceDaily
A new microscopy method has allowed researchers to detect tiny changes in the atomic-level architecture of crystalline materials -- like advanced steels for ship hulls and custom silicon for electronics. The technique could advance our ability to understand the fundamental origins of materials properties and behaviour.


						
In a paper published today in Nature Materials, researchers from the University of Sydney's School of Aerospace, Mechanical and Mechatronic Engineering introduced a new way to decode the atomic relationships within materials.

The breakthrough could assist in the development of stronger and lighter alloys for the aerospace industry, new generation semiconductors for electronics, and improved magnets for electric motors. It could also enable the creation of sustainable, efficient and cost-effective products.

The study, led by University of Sydney Pro-Vice-Chancellor (Research Infrastructure) Professor Simon Ringer, harnessed the power of atom probe tomography (APT) to unlock the intricacies of short-range order (SRO). The SRO process is key to understanding the local atomic environments essential for development of innovative materials which could underpin a new generation of alloys and semiconductors.

SRO is sometimes likened to the 'materials genome', the arrangement or configuration of atoms within a crystal. This is significant because different local atomic arrangements influence the electronic, magnetic, mechanical, optical, and other properties of materials, which have a bearing on the safety and functionality of a range of products.

Until now, SRO has been challenging for researchers to measure and quantify because atomic arrangements occur at a scale so small that they are difficult to see with conventional microscopy techniques.

The new method using APT, developed by Professor Ringer's team, overcomes these challenges, paving the way for advances in materials science that could have far-reaching implications across steels for ship hulls and custom silicon for electronics ina range of industries.




"Our research presents a significant breakthrough in materials science," said Professor Ringer, a materials engineer in the School of Aerospace, Mechanical and Mechatronic Engineering (AMME).

"Beyond crystal structure and symmetry, we wanted to know more about the atomic-scale neighbourhood relationships within the crystal -- are they random, or non-random? If the latter, we want to quantify that. SRO gives us this information in detail, opening up vast possibilities for materials that are custom-designed, atom-by-atom, with specificneighbourhood arrangements to achieve desired properties like strength."

The study focused on high entropy alloys, which are promising for various advanced engineering applications.

"These alloys are the subject of an enormous worldwide research effort because of the interest in using them in situations requiring high-temperature strength, such as in jet engines and power plants, as well as for neutron irradiation shielding in nuclear reactors, where protection against radiation damage is necessary," said Professor Ringer.

The team used advanced data science techniques drawing on data from APT -- a sophisticated imaging technique that visualises atoms in 3D, allowing the team to observe and measure SRO, comparing how it changes in alloys under different processing conditions.

The research focused on observations of a cobalt-chromium-nickel high entropy alloy, revealing how differentheat treatments can change SRO.




"This provides a template for future studies in which SRO controls critical material properties. There is lots more to do on various aspects of the analysis of SRO -- it's a hard problem, but this is an important step forward," said Professor Ringer.

Dr Mengwei He, postdoctoral research fellow in the School of Aerospace, Mechanical and Mechatronic Engineering said:

"The ability to measure and understand short-range order has transformed our approach to materials design. It gives us a new set of eyes to see how small changes at the atomic level architecture can lead to giant leaps in materials performance."

Critically, the study enhances the capabilities of researchers to computationally simulate, model and ultimately predict materials behaviour because SRO provides the detailed atomic-scale blueprint.

Senior postdoctoral fellow Dr Andrew Breen said: "We have demonstrated that there are regimes where the SRO really can be measured using atom probe tomography. Not only have we pioneered an experimental approach and computational framework to measuring SRO, we have produced a sensitivity analysis that bounds the precise range of circumstances whereby such measurements are valid, and where they are not valid."

Dr Will Davids, who completed his doctorate with Professor Ringer and now works for engineering firm Infravue said: "This is an exciting advance because we've shown that SRO measurements are possible in multicomponent alloys, which will no doubt be of benefit to the materials science and engineering community. The community are now going to want to learn how to further expand the measurable regime of SRO, so a big space in this research field has just opened up."
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Moving beyond the 80-year-old solar cell equation | ScienceDaily
Physicists from Swansea University and Abo Akademi University have made a significant breakthrough in solar cell technology by developing a new analytical model that improves the understanding and efficiency of thin-film photovoltaic (PV) devices.


						
For nearly eight decades, the so-called Shockley diode equation has explained how current flows through solar cells; the electrical current that powers up your home or charges the battery bank. However, the new study challenges this traditional understanding for a specific class of next-generation solar cells, namely: thin-film solar cells.

These thin-film solar cells, made of flexible, low-cost materials have had limited efficiency due to factors that the existing analytical models couldn't fully explain.

The new study sheds light on how these solar cells achieve optimal efficiency. It reveals a critical balance between collecting the electricity generated by light and minimising losses due to recombination, where electrical charges cancel each other out.

"Our findings provide key insights into the mechanisms driving and limiting charge collection, and ultimately the power-conversion efficiency, in low-mobility PV devices," said the lead author, Dr Oskar Sandberg of Abo Akademi University, Finland.

New Model Captures the Missing Piece

Previous analytical models for these solar cells had a blind spot: "injected carriers" -- charges entering the device from the contacts. These carriers significantly impact recombination and limited efficiency.




"The traditional models just weren't capturing the whole picture, especially for these thin-film cells with low-mobility semiconductors," explained the principal investigator, Associate Professor Ardalan Armin of Swansea University. "Our new study addresses this gap by introducing a new diode equation specifically tailored to account for these crucial injected carriers and their recombination with those photogenerated."

"The recombination between injected charges and photogenerated ones is not a huge problem in traditional solar cells such as silicon PV which is hundreds of times thicker than next generation thin film PV such as organic solar cells," Dr Sandberg added.

Associate Professor Armin said: "One of the brightest theoretical physicists of all times, Wolfgang Pauli once said 'God made the bulk; the surface was the work of the devil'. As thin film solar cells have much bigger interfacial regions per bulk than traditional silicon; no wonder why they get affected more drastically by "the work of the devil" -- that is recombination of precious photogenerated charges with injected ones near the interface!"

Impact on Future Solar Cell Development

This new model offers a new framework for designing more efficient thin solar cells and photodetectors, optimising existing devices, and analysing material properties. It can also aid in training machines used for device optimisation marking a significant step forward in the development of next-generation thin-film solar cells.
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Implantable microphone could lead to fully internal cochlear implants | ScienceDaily
Cochlear implants, tiny electronic devices that can provide a sense of sound to people who are deaf or hard of hearing, have helped improve hearing for more than a million people worldwide, according to the National Institutes of Health.


						
However, cochlear implants today are only partially implanted, and they rely on external hardware that typically sits on the side of the head. These components restrict users, who can't, for instance, swim, exercise, or sleep while wearing the external unit, and they may cause others to forgo the implant altogether.

On the way to creating a fully internal cochlear implant, a multidisciplinary team of researchers at MIT, Massachusetts Eye and Ear, Harvard Medical School, and Columbia University has produced an implantable microphone that performs as well as commercial external hearing aid microphones. The microphone remains one of the largest roadblocks to adopting a fully internalized cochlear implant.

This tiny microphone, a sensor produced from a biocompatible piezoelectric material, measures miniscule movements on the underside of the ear drum. Piezoelectric materials generate an electric charge when compressed or stretched. To maximize the device's performance, the team also developed a low-noise amplifier that enhances the signal while minimizing noise from the electronics.

While many challenges must be overcome before such a microphone could be used with a cochlear implant, the collaborative team looks forward to further refining and testing this prototype, which builds off work begun at MIT and Mass Eye and Ear more than a decade ago.

"It starts with the ear doctors who are with this every day of the week, trying to improve people's hearing, recognizing a need, and bringing that need to us. If it weren't for this team collaboration, we wouldn't be where we are today," says Jeffrey Lang, the Vitesse Professor of Electrical Engineering, a member of the Research Laboratory of Electronics (RLE), and co-senior author of a paper on the microphone.

Lang's coauthors include co-lead authors Emma Wawrzynek, an electrical engineering and computer science (EECS) graduate student, and Aaron Yeiser SM '21; as well as mechanical engineering graduate student John Zhang; Lukas Graf and Christopher McHugh of Mass Eye and Ear; Ioannis Kymissis, the Kenneth Brayer Professor of Electrical Engineering at Columbia; Elizabeth S. Olson, a professor of biomedical engineering and auditory biophysics at Columbia; and co-senior author Hideko Heidi Nakajima, an associate professor of otolaryngology-head and neck surgery at Harvard Medical School and Mass Eye and Ear. The research is published today in the Journal of Micromechanics and Microengineering.




Overcoming an implant impasse

Cochlear implant microphones are usually placed on the side of the head, which means that users can't take advantage of noise filtering and sound localization cues provided by the structure of the outer ear.

Fully implantable microphones offer many advantages. But most devices currently in development, which sense sound under the skin or motion of middle ear bones, can struggle to capture soft sounds and wide frequencies.

For the new microphone, the team targeted a part of the middle ear called the umbo. The umbo vibrates unidirectionally (inward and outward), making it easier to sense these simple movements.

Although the umbo has the largest range of movement of the middle-ear bones, it only moves by a few nanometers. Developing a device to measure such diminutive vibrations presents its own challenges.

On top of that, any implantable sensor must be biocompatible and able to withstand the body's humid, dynamic environment without causing harm, which limits the materials that can be used.




"Our goal is that a surgeon implants this device at the same time as the cochlear implant and internalized processor, which means optimizing the surgery while working around the internal structures of the ear without disrupting any of the processes that go on in there," Wawrzynek says.

With careful engineering, the team overcame these challenges.

They created the UmboMic, a triangular, 3-millimeter by 3-millimeter motion sensor composed of two layers of a biocompatible piezoelectric material called polyvinylidene difluoride (PVDF). These PVDF layers are sandwiched on either side of a flexible printed circuit board (PCB), forming a microphone that is about the size of a grain of rice and 200 micrometers thick. (An average human hair is about 100 micrometers thick.)

The narrow tip of the UmboMic would be placed against the umbo. When the umbo vibrates and pushes against the piezoelectric material, the PVDF layers bend and generate electric charges, which are measured by electrodes in the PCB layer.

Amplifying performance

The team used a "PVDF sandwich" design to reduce noise. When the sensor is bent, one layer of PVDF produces a positive charge and the other produces a negative charge. Electrical interference adds to both equally, so taking the difference between the charges cancels out the noise.

Using PVDF provides many advantages, but the material made fabrication especially difficult. PVDF loses its piezoelectric properties when exposed to temperatures above around 80 degrees Celsius, yet very high temperatures are needed to vaporize and deposit titanium, another biocompatible material, onto the sensor. Wawrzynek worked around this problem by depositing the titanium gradually and employing a heat sink to cool the PVDF.

But developing the sensor was only half the battle -- umbo vibrations are so tiny that the team needed to amplify the signal without introducing too much noise. When they couldn't find a suitable low-noise amplifier that also used very little power, they built their own.

With both prototypes in place, the researchers tested the UmboMic in human ear bones from cadavers and found that it had robust performance within the intensity and frequency range of human speech. The microphone and amplifier together also have a low noise floor, which means they could distinguish very quiet sounds from the overall noise level.

"One thing we saw that was really interesting is that the frequency response of the sensor is influenced by the anatomy of the ear we are experimenting on, because the umbo moves slightly differently in different people's ears," Wawrzynek says.

The researchers are preparing to launch live animal studies to further explore this finding. These experiments will also help them determine how the UmboMic responds to being implanted.

In addition, they are studying ways to encapsulate the sensor so it can remain in the body safely for up to 10 years but still be flexible enough to capture vibrations. Implants are often packaged in titanium, which would be too rigid for the UmboMic. They also plan to explore methods for mounting the UmboMic that won't introduce vibrations.

"The results in this paper show the necessary broad-band response and low noise needed to act as an acoustic sensor. This result is surprising, because the bandwidth and noise floor are so competitive with the commercial hearing aid microphone. This performance shows the promise of the approach, which should inspire others to adopt this concept. I would expect that smaller size sensing elements and lower power electronics would be needed for next generation devices to enhance ease of implantation and battery life issues," says Karl Grosh, professor of mechanical engineering at the University of Michigan, who was not involved with this work.

This research was funded, in part, by the National Institutes of Health, the National Science Foundation, the Cloetta Foundation in Zurich, Switzerland, and the Research Fund of the University of Basel, Switzerland.
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Organic material from Mars reveals the likely origin of life's building blocks | ScienceDaily
Two samples from Mars together deliver the "smoking gun" in a new study showing the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago by University of Copenhagen researchers that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.


						
In a meteor crater on the red planet, a solitary robot is moving about. Right now it is probably collecting soil samples with a drill and a robotic arm, as it has quite a habit of doing. NASA's Curiosity rover has been active on Mars as the extended arm of science for nearly 12 years, and it continues to make discoveries that surprise and challenge scientists' understanding of both Mars and our own world here on Earth.

Most recently, the discovery of sedimentary organic material with particular properties has had many researchers scratching their heads. The properties of these carbon-based materials, in particular the ratio of its carbon isotopes, surprised researchers.

Organic materials with such properties, if found on Earth, would typically be a sign of microorganisms, but they can also be the result of non-biological, chemical processes. The find obviously had researchers scrambling for a clear answer, but nothing seemed to fit.

However, for the research collaboration behind a new study published in Nature Geoscience, there has been little hair scratching and much enthusiasm.

In fact, the discovery on Mars provided the missing piece that made everything fall into place for this group of researchers from the University of Copenhagen and the Tokyo Institute of Technology.

As co-author and chemistry professor Matthew Johnson puts it, it is "the smoking gun" needed to confirm a decade old theory of his about so-called photolysis in Mars' atmosphere.




With the Curiosity sample, the new research is able to prove with reasonable certainty that the Sun broke down CO2 in the Martian atmosphere billions of years ago -- as the old theory predicted. And that the resulting carbon monoxide gradually reacted with other chemicals in the atmosphere synthesizing complex molecules -- and thus providing Mars with organic materials.

"Such carbon-based complex molecules are the prerequisite of life, the building blocks of life one might say. So, this it is a bit like the old debate about which came first, the chicken or the egg. We show that the organic material found on Mars has been formed through atmospheric photochemical reactions -- without life that is. This is the 'egg', a prerequisite of life. It still remains to be shown whether or not this organic material resulted in life on the Red Planet." said Johnson and continued:

"Additionally because Earth, Mars and Venus had very similar CO2 rich atmospheres long ago when this photolysis took place, it can also prove important for our understanding of how life began on Earth," said Professor Matthew Johnson from Department of Chemistry at University of Copenhagen.

Two pieces separated by 50 Million Kilometers -- one puzzle solved

12 years ago Johnson and two colleagues used simulations based on quantum mechanics to determine what happens when a CO2 rich atmosphere is exposed to the UV-light of the Sun, in a process known as photolysis.

Basically, on Mars around 20% of the CO2 is split into oxygen and carbon monoxide. But carbon has two stable isotopes: carbon-12 and carbon-13. Usually they are present in a ratio of one carbon-13 for every 99 carbon-12. However, photolysis works faster for the lighter carbon-12, so the carbon monoxide produced by photolysis has less carbon-13 (is depleted), and the left over CO2 has more (is enriched).




Because of this, Johnson and his colleagues were able to make very precise predictions of the ratio of carbon isotopes after photolysis. And this gave them two distinctive fingerprints to look for. One of these was identified in a different Martian sample, years ago.

"We actually have a piece of Mars here on Earth, which was knocked off that planet by a meteorite, and then became one itself, when it landed here on Earth. This meteorite, called Allan Hills 84001 for the place in Antarctica where it was found, contains carbonate minerals that form from CO2 in the atmosphere. The smoking gun here is that the ratio of carbon isotopes in it exactly matches our predictions in the quantum chemical simulations, but there was a missing piece in the puzzle. We were missing the other product of this chemical process to confirm the theory, and that's what we've now obtained," says Matthew Johnson.

The carbon in the Allan Hills meteorite is enriched in carbon-13, which makes it the mirror image of the depletion in carbon-13 that has now been measured in the organic material found by Curiousity on Mars.

The new study has thus linked data from two samples, which researchers believe have the same origin in Mars' childhood but were found more than 50 million kilometers apart.

"There is no other way to explain both the carbon-13 depletion in the organic material and the enrichment in the Martian meteorite, both relative to the composition of volcanic CO2 emitted on Mars, which has a constant composition, similar as for Earth's volcanos, and serves as a baseline," said Johnson

Hope to find the same evidence on Earth

Because the organic material contains this isotopic "fingerprint" of where it came from, researchers are able to trace the source of the carbon in the organic material to the carbon monoxide formed by photolysis in the atmosphere. But this also reveals a lot about what happened to it in between.

"This shows that carbon monoxide is the starting point for the synthesis of organic molecules in these kinds of atmospheres. So we have an important conclusion about the origin of life's building blocks. Although so far only on Mars," said Matthew Johnson.

Researchers hope to find the same isotopic evidence on Earth, but this has yet to happen, and it could be a much bigger challenge because our geological development has changed the surface significantly compared to Mars, Johnson explains.

"It is reasonable to assume that the photolysis of CO2 was also a prerequisite for the emergence of life here on Earth, in all its complexity. But we have not yet found this "smoking gun" material here on Earth to prove that the process took place. Perhaps because Earth's surface is much more alive, geologically and literally, and therefore constantly changing. But it is a big step that we have now found it on Mars, from a time when the two planets were very similar," says Matthew Johnson.

Facts: Organic material

The sample found on Mars contains deposits of so-called organic material. To laymen this may sound more exciting than it is. Organic material in a chemical context does not necessarily mean something living, as one might normally think. The term covers molecules that contain carbon and at least one other element and can easily exist without life. These molecules are rather the building blocks of life.

Facts: What is Photolysis

Photolysis means that the Sun's UV rays provide molecules with energy to perform a chemical transformation. According to the research this happened in the Martian atmosphere, where 20% of CO2 molecules there were split into oxygen and carbon monoxide.

In earlier research, Johnson and colleagues showed that carbon dioxide containing the carbon-12 isotope is photolysed more quickly than the heavier isotope carbon-13.

Over time, CO is produced that is depleted in 13C, and 13C builds up in the remaining CO2. This results in so-called isotopic enrichment in CO2 and depletion in CO, like mirror images or each other or the two halves of a broken plate.

It is the fractionation ratio in carbon, which serves as evidence of photolysis in the two samples from Mars.

Facts: The oxygen painted Mars red

Photolysis of a CO2 molecule yields carbon monoxide (CO) and an oxygen atom (O). On Mars, only carbon monoxide remains, which is transformed into the organic material found by the Curiosity rover.

But where the oxygen has gone is also no secret. The oxygen combines into O2, which interacts with iron on Mars' surface. The Red Planet is rust red due to oxidized iron.

Facts: Isotopes Have Different Weights

Isotopes are variants of the same element that have different weights because the nucleus contains more or fewer neutrons.

Carbon has two stable isotopes -- Normally, about 99% of carbon has 6 protons and 6 neutrons in its nucleus (12C). About 1% has 6 protons and 7 neutrons instead (13C). The ratio can serve as a chemical fingerprint revealing what reactions the carbon has undergone.

Photolysis favors carbon-12, and a high concentration of the isotope can therefore indicate this process.

Extra Info: The Famous Mars Meteorite

The discovery of organic sediments on Mars with a low ratio of carbon-13 completes the puzzle of empirical evidence for the photolysis theory, since researchers already found the other part of that puzzle years ago in the famous meteorite, Allan Hills 84001. The meteorite contains carbonate with a heightened concentration of heavy carbon 13 isotopes.

Discovered in Antarctica 40 years ago by Roberta Score, the meteorite is believed to originate from the Red Planet and became particularly well known because it contains some deposits that led NASA researchers to announce in 1996 that they believed they had found traces of microscopic fossils of bacteria from Mars.

Today, the consensus is that these deposits are abiotic -- that is, stemming from non-biological processes.

Extra info: Mars, Earth, and Venus Had the Same Atmosphere

According to researchers, Earth had approximately the same atmosphere as our neighboring planets Mars and Venus billions of years ago.

When the early planets Venus, Earth, and Mars eventually formed solid surfaces, researchers believe they began to release large amounts of CO2 from extreme volcanic activity. That's how they formed their first atmospheres with large concentrations of the gas. Oxygen had not yet become part of the atmosphere; this happened later on Earth, after the emergence of life.

The photolysis theory states that UV rays from the sun then start a chain of chemical reactions. A chain that starts with the breakdown of CO2 into carbon monoxide, which is the building block for a multitude of other chemical compounds.

Thus, with the help of the Sun, the foundation for the many carbon compounds and complex molecules we have today was formed -- in the case of Earth, the foundation for life.

"Since then the fate of the three planets has been significantly different. Earth's carbon dioxide reacted with our large amount of surface water and much of it deposited over time as carbonate rocks like limestone, leaving the atmosphere dominated by nitrogen, as we have today. Life arose, and microorganisms produced oxygen, which, among other things, created our ozone layer, while Mars and Venus still have very CO2-dominant atmospheres today," explains Matthew Johnson.

Today, Venus has a very dense and toxic atmosphere primarily of CO2, which gives it a surface temperature of around 450 degrees Celsius.

On Mars, the atmosphere has become much thinner compared to Earth's, and has left a desert landscape.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240701232841.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Light targets cells for death and triggers immune response with laser precision | ScienceDaily
A new method of precisely targeting troublesome cells for death using light could unlock new understanding of and treatments for cancer and inflammatory diseases, University of Illinois Urbana-Champaign researchers report.


						
Inflammatory cell death, knows as necroptosis, is an important regulatory tool in the body's arsenal against disease. However, in some diseases, the process can go haywire; for example, cancer cells are able to suppress inflammatory signals and thus escape death.

"Usually treatments for cancer use pharmacological induction to kill the cells, but those chemicals tend to diffuse throughout the tissues and it's hard to contain to a precise location. You get a lot of unwanted effects," said study leader Kai Zhang, a professor of biochemistry at the U. of I. "We can make the cells responsive to light, and we can focus the light beam to be smaller than one cell. That is how we can use light to very precisely target a cell and turn on its death pathway."

The researchers use a method called optogenetics to make the cells respond to light. They borrowed a light-activated gene from plants and inserted it into intestinal cell cultures, attaching it to the gene for RIPK3, a protein that regulates necroptosis.

"When activated, RIPK3 undergoes oligomerization -- it forms clusters of protein complexes. Our light-sensitive proteins cluster together when exposed to blue light. So by triggering the light-sensitive proteins to come together, the RIPK3 comes together and oligomerizes, and that's how we mimic the activation pathway," said graduate student Teak-Jung Oh, the first author of the paper published in the Journal of Molecular Biology. 

However, killing the cell itself is not the only goal. Inducing the inflammatory cell death pathway, rather than outright killing the cell mechanically or chemically, triggers the immune system to respond. The ruptured cells release chemicals called cytokines that irritate nearby cells and attract T cells, white blood cells that play an important role in how the immune system identifies and attacks threats, Zhang said.

"Certain cancer cell types create a local immunosuppressive environment, where T cells are either not recruited or, if they do come, they do not recognize it as a threat and do not infiltrate the cancerous area. But by opening up some cancer cells through necroptosis, we hope to modulate this immune suppressive environment and help train the T cells to recognize and attack the cancer," said Zhang, who is a member of the Cancer Center at Illinois.




Since the optogenetic system requires light delivery directly to tissues, human clinical applications in tissues deeper than skin are currently limited. However, the Illinois group plans to implement their system in mice next to further study necroptosis and immune response in cancer and other inflammatory diseases. They also will further investigate the in vitro platform's potential for training T cells for immune therapies.

"Understanding the cell signaling pathway for necroptosis is especially important because it has been known to be involved with diseases like neurodegenerative disease and inflammatory bowel disease. Knowing how necroptosis affects progression in these diseases is important. And if you don't know the molecular mechanisms, you don't really know what to target to slow the progression," Oh said.

The National Institute of General Medical Sciences and National Institute of Mental Health of the National Institutes of Health, the National Science Foundation and the Cancer Center at Illinois supported this work. Zhang also is affiliated with the Beckman Institute for Advanced Science and Technology at Illinois.

The National Institutes of Health supported this work through grants R01GM132438 and R01MH124827.
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A prosthesis driven by the nervous system helps people with amputation walk naturally | ScienceDaily
State-of-the-art prosthetic limbs can help people with amputations achieve a natural walking gait, but they don't give the user full neural control over the limb. Instead, they rely on robotic sensors and controllers that move the limb using predefined gait algorithms.


						
Using a new type of surgical intervention and neuroprosthetic interface, MIT researchers, in collaboration with colleagues from Brigham and Women's Hospital, have shown that a natural walking gait is achievable using a prosthetic leg fully driven by the body's own nervous system. The surgical amputation procedure reconnects muscles in the residual limb, which allows patients to receive "proprioceptive" feedback about where their prosthetic limb is in space.

In a study of seven patients who had this surgery, the MIT team found that they were able to walk faster, avoid obstacles, and climb stairs much more naturally than people with a traditional amputation.

"This is the first prosthetic study in history that shows a leg prosthesis under full neural modulation, where a biomimetic gait emerges. No one has been able to show this level of brain control that produces a natural gait, where the human's nervous system is controlling the movement, not a robotic control algorithm," says Hugh Herr, a professor of media arts and sciences, co-director of the K. Lisa Yang Center for Bionics at MIT, an associate member of MIT's McGovern Institute for Brain Research, and the senior author of the new study.

Patients also experienced less pain and less muscle atrophy following this surgery, which is known as the agonist-antagonist myoneural interface (AMI). So far, about 60 patients around the world have received this type of surgery, which can also be done for people with arm amputations.

Hyungeun Song, a postdoc in MIT's Media Lab, is the lead author of the paper, which will appear in Nature Medicine.

Sensory feedback

Most limb movement is controlled by pairs of muscles that take turns stretching and contracting. During a traditional below-the-knee amputation, the interactions of these paired muscles are disrupted. This makes it very difficult for the nervous system to sense the position of a muscle and how fast it's contracting -- sensory information that is critical for the brain to decide how to move the limb.




People with this kind of amputation may have trouble controlling their prosthetic limb because they can't accurately sense where the limb is in space. Instead, they rely on robotic controllers built into the prosthetic limb. These limbs also include sensors that can detect and adjust to slopes and obstacles.

To try to help people achieve a natural gait under full nervous system control, Herr and his colleagues began developing the AMI surgery several years ago. Instead of severing natural agonist-antagonist muscle interactions, they connect the two ends of the muscles so that they still dynamically communicate with each other within the residual limb. This surgery can be done during a primary amputation, or the muscles can be reconnected after the initial amputation as part of a revision procedure.

"With the AMI amputation procedure, to the greatest extent possible, we attempt to connect native agonists to native antagonists in a physiological way so that after amputation, a person can move their full phantom limb with physiologic levels of proprioception and range of movement," Herr says.

In a 2021 study, Herr's lab found that patients who had this surgery were able to more precisely control the muscles of their amputated limb, and that those muscles produced electrical signals similar to those from their intact limb.

After those encouraging results, the researchers set out to explore whether those electrical signals could generate commands for a prosthetic limb and at the same time give the user feedback about the limb's position in space. The person wearing the prosthetic limb could then use that proprioceptive feedback to volitionally adjust their gait as needed.

In the new Nature Medicine study, the MIT team found this sensory feedback did indeed translate into a smooth, near-natural ability to walk and navigate obstacles.




"Because of the AMI neuroprosthetic interface, we were able to boost that neural signaling, preserving as much as we could. This was able to restore a person's neural capability to continuously and directly control the full gait, across different walking speeds, stairs, slopes, even going over obstacles," Song says.

A natural gait

For this study, the researchers compared seven people who had the AMI surgery with seven who had traditional below-the-knee amputations. All of the subjects used the same type of bionic limb: a prosthesis with a powered ankle as well as electrodes that can sense electromyography (EMG) signals from the tibialis anterior the gastrocnemius muscles. These signals are fed into a robotic controller that helps the prosthesis calculate how much to bend the ankle, how much torque to apply, or how much power to deliver.

The researchers tested the subjects in several different situations: level-ground walking across a 10-meter pathway, walking up a slope, walking down a ramp, walking up and down stairs, and walking on a level surface while avoiding obstacles.

In all of these tasks, the people with the AMI neuroprosthetic interface were able to walk faster -- at about the same rate as people without amputations -- and navigate around obstacles more easily. They also showed more natural movements, such as pointing the toes of the prosthesis upward while going up stairs or stepping over an obstacle, and they were better able to coordinate the movements of their prosthetic limb and their intact limb. They were also able to push off the ground with the same amount of force as someone without an amputation.

"With the AMI cohort, we saw natural biomimetic behaviors emerge," Herr says. "The cohort that didn't have the AMI, they were able to walk, but the prosthetic movements weren't natural, and their movements were generally slower."

These natural behaviors emerged even though the amount of sensory feedback provided by the AMI was less than 20 percent of what would normally be received in people without an amputation.

"One of the main findings here is that a small increase in neural feedback from your amputated limb can restore significant bionic neural controllability, to a point where you allow people to directly neurally control the speed of walking, adapt to different terrain, and avoid obstacles," Song says.

"This work represents yet another step in us demonstrating what is possible in terms of restoring function in patients who suffer from severe limb injury. It is through collaborative efforts such as this that we are able to make transformational progress in patient care," says Matthew Carty, a surgeon at Brigham and Women's Hospital and associate professor at Harvard Medical School, who is also an author of the paper.

Enabling neural control by the person using the limb is a step toward Herr's lab's goal of "rebuilding human bodies," rather than having people rely on ever more sophisticated robotic controllers and sensors -- tools that are powerful but do not feel like part of the user's body.

"The problem with that long-term approach is that the user would never feel embodied with their prosthesis. They would never view the prosthesis as part of their body, part of self," Herr says. "The approach we're taking is trying to comprehensively connect the brain of the human to the electromechanics."

The research was funded by the MIT K. Lisa Yang Center for Bionics, the National Institute of Neurological Disorders and Stroke, a Neurosurgery Research Education Foundation Medical Research Fellowship, and the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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New and improved camera inspired by the human eye | ScienceDaily
A team led by University of Maryland computer scientists invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time. The team's prototyping and testing of the camera -- called the Artificial Microsaccade-Enhanced Event Camera (AMI-EV) -- was detailed in a paper published in the journal Science Robotics in May 2024.


						
"Event cameras are a relatively new technology better at tracking moving objects than traditional cameras, but -today's event cameras struggle to capture sharp, blur-free images when there's a lot of motion involved," said the paper's lead author Botao He, a computer science Ph.D. student at UMD. "It's a big problem because robots and many other technologies -- such as self-driving cars -- rely on accurate and timely images to react correctly to a changing environment. So, we asked ourselves: How do humans and animals make sure their vision stays focused on a moving object?"

For He's team, the answer was microsaccades, small and quick eye movements that involuntarily occur when a person tries to focus their view. Through these minute yet continuous movements, the human eye can keep focus on an object and its visual textures -- such as color, depth and shadowing -- accurately over time.

"We figured that just like how our eyes need those tiny movements to stay focused, a camera could use a similar principle to capture clear and accurate images without motion-caused blurring," He said.

The team successfully replicated microsaccades by inserting a rotating prism inside the AMI-EV to redirect light beams captured by the lens. The continuous rotational movement of the prism simulated the movements naturally occurring within a human eye, allowing the camera to stabilize the textures of a recorded object just as a human would. The team then developed software to compensate for the prism's movement within the AMI-EV to consolidate stable images from the shifting lights.

Study co-author Yiannis Aloimonos, a professor of computer science at UMD, views the team's invention as a big step forward in the realm of robotic vision.

"Our eyes take pictures of the world around us and those pictures are sent to our brain, where the images are analyzed. Perception happens through that process and that's how we understand the world," explained Aloimonos, who is also director of the Computer Vision Laboratory at the University of Maryland Institute for Advanced Computer Studies (UMIACS). "When you're working with robots, replace the eyes with a camera and the brain with a computer. Better cameras mean better perception and reactions for robots."

The researchers also believe that their innovation could have significant implications beyond robotics and national defense. Scientists working in industries that rely on accurate image capture and shape detection are constantly looking for ways to improve their cameras -- and AMI-EV could be the key solution to many of the problems they face.




"With their unique features, event sensors and AMI-EV are poised to take center stage in the realm of smart wearables," said research scientist Cornelia Fermuller, senior author of the paper. "They have distinct advantages over classical cameras -- such as superior performance in extreme lighting conditions, low latency and low power consumption. These features are ideal for virtual reality applications, for example, where a seamless experience and the rapid computations of head and body movements are necessary."

In early testing, AMI-EV was able to capture and display movement accurately in a variety of contexts, including human pulse detection and rapidly moving shape identification. The researchers also found that AMI-EV could capture motion in tens of thousands of frames per second, outperforming most typically available commercial cameras, which capture 30 to 1000 frames per second on average. This smoother and more realistic depiction of motion could prove to be pivotal in anything from creating more immersive augmented reality experiences and better security monitoring to improving how astronomers capture images in space.

"Our novel camera system can solve many specific problems, like helping a self-driving car figure out what on the road is a human and what isn't," Aloimonos said. "As a result, it has many applications that much of the general public already interacts with, like autonomous driving systems or even smartphone cameras. We believe that our novel camera system is paving the way for more advanced and capable systems to come."
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Self-assembling, highly conductive sensors could improve wearable devices | ScienceDaily
To advance soft robotics, skin-integrated electronics and biomedical devices, researchers at Penn State have developed a 3D-printed material that is soft and stretchable -- traits needed for matching the properties of tissues and organs -- and that self-assembles. Their approach employs a process that eliminates many drawbacks of previous fabrication methods, such as less conductivity or device failure, the team said.


						
They published their results in Advanced Materials.

"People have been developing soft and stretchable conductors for almost a decade, but the conductivity is not usually very high," said corresponding author Tao Zhou, Penn State assistant professor of engineering science and mechanics and of biomedical engineering in the College of Engineering and of materials science and engineering in the College of Earth and Mineral Sciences. "Researchers realized they could reach high conductivity with liquid metal-based conductors, but the significant limitation of that is that it requires a secondary method to activate the material before it can reach a high conductivity."

Liquid metal-based stretchable conductors suffer from inherent complexity and challenges posed by the post-fabrication activation process, the researchers said. The secondary activation methods include stretching, compressing, shear friction, mechanical sintering and laser activation, all of which can lead to challenges in fabrication and can cause the liquid metal to leak, resulting in device failure.

"Our method does not require any secondary activation to make the material conductive," said Zhou, who also has affiliations with the Huck Institutes of the Life Sciences and the Materials Research Institute. "The material can self-assemble to make its bottom surface be very conductive and its top surface self-insulated."

In the new method, the researchers combine liquid metal, a conductive polymer mixture called PEDOT:PSS and hydrophilic polyurethane that enables the liquid metal to transform into particles. When the composite soft material is printed and heated, the liquid metal particles on its bottom surface self-assemble into a conductive pathway. The particles in the top layer are exposed to an oxygen-rich environment and oxidize, forming an insulated top layer. The conductive layer is critical for conveying information to the sensor -- such as muscle activity recordings and strain sensing on the body -- while the insulated layer helps prevent signal leakage that could lead to less accurate data collection.

"Our innovation here is a materials one," Zhou said. "Normally, when liquid metal mixes with polymers, they are not conductive and require secondary activation to achieve conductivity. But these three components allow for the self-assembly that produces the high conductivity of soft and stretchable material without a secondary activation method."

The material can also be 3D-printed, Zhou said, making it easier to fabricate wearable devices. The researchers are continuing to explore potential applications, with a focus on assistive technology for people with disabilities.

The papers other authors are Salahuddin Ahmed, Marzia Momin and Jiashu Ren, all doctoral students in the Penn State engineering science and mechanics department, and Hyunjin Lee, a doctoral student in the biomedical engineering department at Penn State. This work was supported by the National Taipei University of Technology-Penn State Collaborative Seed Grant Program and by the Department of Engineering Science and Mechanics, the Materials Research Institute and the Huck Institutes of the Life Sciences at Penn State.
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A new pulsar buried in a mountain of data | ScienceDaily
U.S. Naval Research Laboratory (NRL) Remote Sensing Division intern, Amaris McCarver, along with a team of astronomers, discovered the first millisecond pulsar in the stellar cluster Glimpse-CO1 and recently published findings in the Astrophysical Journal.


						
Pulsars are natural laboratories for studying the behavior of matter under extreme gravitational and magnetic fields -- conditions difficult or impossible to replicate on Earth. They also function as natural timekeepers. Precise timing of the observed pulses from an array of pulsars offers a means to detect gravitational waves propagating through our galaxy from the merging supermassive black holes that result from galaxy collisions. Some pulsars are observed to have an accuracy and stability comparable to our most precise atomic clocks. These pulsars hold the potential to establish a "celestial GPS" system for satellite navigation in space.

McCarver's team used images from the Karl G. Jansky Very Large Array (VLA) Low-band Ionosphere and Transient Experiment (VLITE) to search for new pulsars in 97 stellar clusters.

"It was exciting so early in my career to see a speculative project work out so successfully," said McCarver. Her new approach of using VLITE images coupled with images from several radio surveys at different frequencies identified multiple candidate pulsars, with the strongest candidate residing in a system known as GLIMPSE-C01.

"This type of scientific discovery is only possible thanks to the collaboration between NRL and the National Radio Astronomy Observatory that enabled this continual dual-frequency capability on the VLA," said Tracy E. Clarke, Ph.D., NRL Remote Sensing Division astronomer. "This research highlights how we can use measures of radio brightness at different frequencies to find new pulsars efficiently, and that available sky surveys combined with the mountain of VLITE data mean those measurements are essentially always available. This opens the door to a new era of searches for highly dispersed and highly accelerated pulsars."

The presence of a millisecond pulsar, designated GLIMPSE-C01A, was confirmed through re-processing of archival data from the Robert C. Byrd Green Bank Telescope. Millisecond pulsars, such as GLIMPSE-C01A, are born in supernova explosions and are spun up by consuming material from a companion star.

"Millisecond pulsars, or MSP, offer a promising method for autonomously navigating spacecraft from low Earth orbit to interstellar space, independent of ground contact and GPS availability," said Emil Polisensky, Ph.D., an NRL Remote Sensing Division astronomer. "The confirmation of a new MSP identified by Amaris highlights the exciting potential for discovery with NRL's VLITE data and the key role student interns play in cutting edge research."

McCarver received the Robert S. Hyer Research Award from the Texas Section of the American Physical Society (APS). The award for 'Excellence in Research' was presented to her during the October Texas APS meeting for her summer research on millisecond pulsars which was undertaken as part of the Naval Research Enterprise Internship Program (NREIP).




McCarver was one of 16 summer of 2023 interns in the Radio, Infrared, Optical Sensors Branch at NRL DC that participated in internships through the Science Engineering Apprenticeship Program and NREIP, Historically Black College and University/Minority Institution High Performance Computing Internship Program, and the U.S. Naval Academy Midshipmen Internship Program. She will graduate with a degree in Physics and Astronomy and plans to pursue her graduate education in astronomy.

The NRL Remote Sensing Division conducts a program of basic research, science, and applications aimed at the development of new concepts for sensors and imaging systems for objects and targets on the Earth, in the near-Earth environment, and in deep space. The research, both theoretical and experimental, deals with discovering and understanding the basic physical principles and mechanisms that give rise to target and background emission, and to absorption and emission by the intervening medium.

The research includes theory, laboratory, and field experiments leading to ground-based, airborne, or space systems for use in such areas as remote sensing, astrometry, astrophysics, surveillance, non-acoustic anti-submarine warfare, and improved meteorological support systems for the operational Navy.
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Scientists probe chilling behavior of promising solid-state cooling material | ScienceDaily
A research team led by the Department of Energy's Oak Ridge National Laboratory has bridged a knowledge gap in atomic-scale heat motion. This new understanding holds promise for enhancing materials to advance an emerging technology called solid-state cooling.


						
An environmentally friendly innovation, solid-state cooling could efficiently chill many things in daily life from food to vehicles to electronics -- without traditional refrigerant liquids and gases or moving parts. The system would operate via a quiet, compact and lightweight system that allows precise temperature control.

Although the discovery of improved materials and the invention of higher-quality devices are already helping to promote the growth of the new cooling method, a deeper understanding of material enhancements is essential. The research team used a suite of neutron-scattering instruments to examine at the atomic scale a material that scientists consider to be an optimal candidate for use in solid-state cooling.

The material, a nickel-cobalt-manganese-indium magnetic shape-memory alloy, can be deformed and then returned to its original shape by driving it through a phase transition either by increasing temperature or by applying a magnetic field. When subjected to a magnetic field, the material undergoes a magnetic and structural phase transition, during which it absorbs and releases heat, a behavior known as the magnetocaloric effect. In solid-state cooling applications, the effect is harnessed to provide refrigeration. A key characteristic of the material is its nearness to disordered conditions known as ferroic glassy states, because they present a way to enhance the material's ability to store and release heat.

Magnons, also known as spin waves, and phonons, or vibrations, couple in a synchronized dance in small regions distributed across the disordered arrangement of atoms that comprise the material. The researchers found that patterns of behavior in these small regions, referred to as localized hybrid magnon-phonon modes in the team's paper detailing the research, have important implications for the thermal properties of the material.

The scientists revealed that the modes cause the phonons to be significantly altered or shifted by the presence of a magnetic field. The modes also modify the material's phase stability. These changes can result in fundamental alterations in the material's properties and behavior that can be tuned and tailored.

"Neutron scattering shows that the cooling capacity of the magnetic shape-memory alloy is tripled by the heat contained within these local magnon-phonon hybrid modes that form because of the disorder in the system," said ORNL's Michael Manley, the leader of the study. "This finding reveals a path to make better materials for solid-state cooling applications for societal needs."

The magnetic shape-memory alloy that the team studied is in a phase that has nearly formed disordered conditions known as spin glass and strain glass -- not the familiar glass used in windows and elsewhere but rather unconventional phases of matter that lack order. The magnetic moments, or tiny magnets, associated with the atoms in the spin glass phase are randomly oriented rather than pointing in the same direction. Comparatively, in the strain glass phase, the lattice of atoms is strained at the nanometer scale in a messy and irregular pattern. Spin glass and strain glass are referred to as frustrated conditions in a material because they arise from competing interactions or constraints that prevent the material from achieving a stable ordered state.




"As the material approaches this frustrated state, the amount of heat being stored increases," Manley said. "Long- and short-range interactions manifest as localized vibrations and spin waves, which means they're getting trapped in small regions. This is important because these extra localized vibrational states store heat. Changing the magnetic field triggers another phase transition in which this heat is released."

Controlling the functions of the magnetic shape-memory alloy so that it can be used as a heat sponge could be one way to allow for efficient solid-state cooling without the need for traditional refrigerants or mechanical components.

This study was supported by DOE's Office of Science Materials Sciences and Engineering Division. A portion of the neutron scattering work for this research was performed at the High Flux Isotope Reactor and the Spallation Neutron Source, DOE Office of Science user facilities at ORNL. The National Institute of Standards and Technology of the Department of Commerce also provided neutron research facilities.
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Novel spectroscopy technique sheds light on NOx reduction | ScienceDaily
When power plants burn fossil fuels at high temperatures, nitrogen and oxygen molecules break apart and then recombine to form a class of compounds called nitrogen oxides, or NOx. These gasses are major pollutants and contribute to -- among other things -- acid rain and global warming.


						
One way to curb such emissions is with a catalytic converter, similar to what's used in a vehicle.

"The catalytic converter injects ammonia into the plant's emissions stream, and the hydrogen in the ammonia reacts with the oxygen in the NOx, and the products are nitrogen and water molecules, which are nontoxic and have no environmental impact," says Israel E. Wachs, the G. Whitney Snyder Professor of Chemical and Biomolecular Engineering at Lehigh University and Director of the Operando Molecular Spectroscopy and Catalysis Research Lab.

The process that can convert pollution into benign by-products is called selective catalytic reduction, or SCR. Until now, it has been unclear how this reaction actually occurs, and contradictions have long existed between reaction models within the literature. Wachs and his team used a novel, cutting-edge technology called modulation excitation spectroscopy, or MES, to finally identify the correct pathway. Their results were recently published in Nature Communications.

"Very few people have this capability at the moment," says Wachs, referring to MES. "It allowed us to monitor weak signals that were not detectable in the past, and revealed the details of how the reaction proceeded."

The finding is significant because having the right reaction model can indicate how to modify or redesign the catalytic converter for greater efficiency.

Wachs points out that the methodology is general enough that it can be applied across a range of catalytic reactions, including those emitting NOx from automobiles, ships, tractors, and even riding lawn mowers.

"The products that catalysts manufacture represent 20 to 30 percent of the American economy," says Wachs. "They're used to make fuel, chemicals, fertilizers, and even pharmaceuticals. Having the hard data that shows the correct reaction mechanism means we now have the potential to positively impact thousands of catalytic reactions.
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How researchers are using digital city-building games to shape the future | ScienceDaily
Lancaster University researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape.


						
They say, in their new research, that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future.

They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

The researchers have modified Colossal Order's game 'Cities: Skylines' where players control zones, public services and transportation.

Real-world buildings and models can be imported into the game to create realistic cities and inform planning.

Players can manage education, police and fire services, health and even set tax policies, amongst other realistic simulations. The game dashboard even measures how happy citizens are!

Players must add infrastructure, manage power, water and think carefully about what is needed for their community.




Given that, according to Royal Town Planning Institute statistics, only 20% of younger people are interested in planning, the use of digital games, say the researchers, enables the public to 'play' real-world planning policies based on a 'real world' place, which creates a dialogue with planners.

Dr Paul Cureton and Professor Paul Coulton, from ImaginationLancaster, Lancaster University's design-led laboratory, share their research in an open access article 'Game Based Worldbuilding: Planning, Models, Simulations and Digital Twins' published in Acta Ludologica, the peer reviewed scientific journal in the field of games and digital games.

Their research, funded by the Digital Planning Programme, Department for Levelling Up, Housing and Communities (DLUHC), cites a lack of public interest in planning issues and a need for 'urgent change' given, what they say, is a general lack of public interest in planning processes.

Gaming technology has been used in 3D planning models and what is called City Information Models (CIMs), and Urban Digital Twins (UDTs). Urban digital twins are virtual replica systems of an environment that are connected to real-world sensors such as traffic or air quality to enhance public participation and engagement in the planning process and generate future scenarios.

But, say the researchers, while this is a good step forward, the use of gaming technology for real-world applications is 'one-directional and misses opportunities' to include game design and research, such as mechanics, dynamics, flow, and public participatory' world-building' for future scenarios.

They believe the technology can be used for higher levels of 'citizen engagement' by making the process more enjoyable.




The method, they add, is cost-effective and can be rolled out across the UK by any local authority.

They have already conducted gaming workshops playtesting alongside Lancaster City Council with 140 children to 'play' and plan Lancaster in the UK, in an area to be developed along with Lancashire County Council and national house builder Homes England, previously earmarked for development as a new garden village for 5,000 homes.

Digital games have a long tradition of providing simulations of various systems of human activities, such as politics, culture, society, environment, and war. Urban planning has been simulated through various city-building games such as the Summer Game (1964), EA Games, SimCity (1989), and Colossal Order's Cities Skylines (2015, 2023), amongst many others.

While a range of future urban planning scenarios use gaming technology, they do not necessarily incorporate game design ideas such as mechanics and dynamics, levels, progress, flows and feedback as part of a game world, say the researchers.

And, they add, this needs to be more fully understood if such systems are to yield potential benefits in terms of citizen engagement more fully.

Dr Cureton and Professor Coulton created a reference tool for new planning models and ensuing case studies offer new insights into the opportunities for using game design and gaming technology in urban planning and digital transformation.

The article in Acta Ludologica develops an understanding of the role of worldbuilding games in urban planning, architecture, and design, developing a playable theoretical urban game continuum to illuminate both the various nuances of a range of precedents and scaffold future applications.

Cities and urban areas are complex systems, and games allow a player to explore the complexities of this landscape and simulate and model behaviour and realise scenarios.

Arguably, there is a restrictive incorporation of gaming technologies for real-world planning that misses opportunities to engage players in changing the rules of the system being replicated.

The researchers say this is much needed as new governments will look at what urgent change is required in planning if the shortfall in housing and stimulation of economic growth is to be addressed. To do this, planners will need support, skill development, and the tools to engage people.

Gaming technologies are intended for citizen participation and access, yet fundamental challenges remain unaddressed.

The Royal Town Planning Institute (RTPI) in the UK stated that : "Response rates to a typical pre-planning consultation are around 3% of those directly made aware of it. In Local Plan consultations, this figure can fall to less than 1% of a district."

Professor Paul Coulton is Chair of Speculative and Game Design at ImaginationLancaster and is internationally recognised for his speculative design work.

He says: "Whilst games and game playing are often dismissed as trivial or problematic they can serve as powerful tools in delivering information and understanding of how systems operate in a manner that can the lead to real world engagement in processes which previously seemed opaque."

Dr Paul Cureton is a Senior Lecturer in Design at ImaginationLancaster and a member of the Data Science Institute (DSI) whose work focuses on subjects in spatial planning, 3D GIS modelling and design futures.

He says: "Only 20% of 18-34-year-olds engaging in local plans, according to the Royal Town Planning Institute (2020). So few engage in how our spaces are being transformed, so there is space for gaming in this field to provide and help the public think like planners, play issues and use gaming tools for modelling future spaces."
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Nanorobot with hidden weapon kills cancer cells | ScienceDaily
Researchers at Karolinska Institutet in Sweden have developed nanorobots that kill cancer cells in mice. The robot's weapon is hidden in a nanostructure and is exposed only in the tumour microenvironment, sparing healthy cells. The study is published in the journal Nature Nanotechnology.


						
The research group at Karolinska Institutet has previously developed structures that can organise so-called death receptors on the surface of cells, leading to cell death. The structures exhibit six peptides (amino acid chains) assembled in a hexagonal pattern.

"This hexagonal nanopattern of peptides becomes a lethal weapon," explains Professor Bjorn Hogberg at the Department of Medical Biochemistry and Biophysics, Karolinska Institutet, who led the study. "If you were to administer it as a drug, it would indiscriminately start killing cells in the body, which would not be good. To get around this problem, we have hidden the weapon inside a nanostructure built from DNA."

Created a 'kill switch'

The art of building nanoscale structures using DNA as a building material is called DNA origami and is something Bjorn Hogberg's research team has been working on for many years. Now they have used the technique to create a 'kill switch' that is activated under the right conditions.

"We have managed to hide the weapon in such a way that it can only be exposed in the environment found in and around a solid tumour," he says. "This means that we have created a type of nanorobot that can specifically target and kill cancer cells."

The key is the low pH, or acidic microenvironment that usually surrounds cancer cells, which activates the nanorobot's weapon. In cell analyses in test tubes, the researchers were able to show that the peptide weapon is hidden inside the nanostructure at a normal pH of 7.4, but that it has a drastic cell-killing effect when the pH drops to 6.5.




Reduced tumour growth

They then tested injecting the nanorobot into mice with breast cancer tumours. This resulted in a 70 per cent reduction in tumour growth compared to mice given an inactive version of the nanorobot.

"We now need to investigate whether this works in more advanced cancer models that more closely resemble the real human disease," says the study's first author Yang Wang, a researcher at the Department of Medical Biochemistry and Biophysics, Karolinska Institutet. "We also need to find out what side effects the method has before it can be tested on humans."

The researchers also plan to investigate whether it is possible to make the nanorobot more targeted by placing proteins or peptides on its surface that specifically bind to certain types of cancer.
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AI model finds the cancer clues at lightning speed | ScienceDaily
Researchers at the University of Gothenburg have developed an AI model that increases the potential for detecting cancer through sugar analyses. The AI model is faster and better at finding abnormalities than the current semi-manual method.


						
Glycans, or structures of sugar molecules in our cells, can be measured by mass spectrometry. One important use is that the structures can indicate different forms of cancer in the cells.

However, the data from the mass spectrometer measurement must be carefully analysed by humans to work out the structure from the glycan fragmentation. This process can take anywhere from hours to days for each sample and can only be carried out with high confidence by a small number of experts in the world, as it is essentially detective work learnt over many years.

Automating the detective work

The process is thus a bottleneck in the use of glycan analyses, for example for cancer detection, when there are many samples to be analysed.

Researchers at the University of Gothenburg have developed an AI model to automate this detective work. The AI model, named Candycrunch, solves the task in just a few seconds per test. The results are reported in a scientific article in the journal Nature Methods.

The AI model was trained using a database of over 500,000 examples of different fragmentations and associated structures of sugar molecules.




"The training has enabled Candycrunch to calculate the exact sugar structure in a sample in 90 per cent of cases," says Daniel Bojar, Associate Senior Lecturer in Bioinformatics at the University of Gothenburg.

Can find new biomarkers

This means that the AI model could soon reach the same levels of accuracy as the sequencing of other biological sequences, such as DNA, RNA or proteins.

Because the AI model is so fast and accurate in its answers, it can accelerate the discovery of glycan-based biomarkers for both diagnosis and prognosis of the cancer.

"We believe that glycan analyses will become a bigger part of biological and clinical research now that we have automated the biggest bottleneck," says Daniel Bojar.

The AI model Candycrunch is also able to identify structures that are often missed by human analyses due to their low concentrations. The model can therefore help researchers to find new glycan-based biomarkers.
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Melanin from cuttlefish ink as a sustainable biomass resource | ScienceDaily
Melanin is a ubiquitous compound in nature, produced by many organisms. However, its potential as a biomass resource to produce value-added chemicals and materials remains relatively unexplored. In a recent study, researchers from Japan investigated the chemical decomposition of melanin derived from cuttlefish ink and showcased its application in the synthesis of biopolymer films and particles. Their efforts will hopefully pave the way to the adoption of melanin upcycling.


						
Every year, the negative effects of human activities on the environment become increasingly clear. From climate change and microplastics to the endangerment and extinction of countless species, it is evident that we need to find new ways to achieve sustainability. Fortunately, many research groups in prominent fields like chemistry and materials science are tirelessly working to develop solutions to get us closer to circular and sustainable economies.

One area that has attracted much attention in this regard is biomass upcycling. It refers to the transformation of naturally available organic materials into valuable products, such as biofuels and bioplastics. While many scientific studies have focused on plant-derived biomass, such as cellulose fibers, the potential of melanin as a biomass resource remains understudied. One of the main reasons for this is that the decomposition of melanin -- a complex yet ubiquitous biopolymer -- needs to be further explored.

In a recent study published in ACS Sustainable Chemistry & Engineering, a research team led by Associate Professor Michinari Kohri from the Graduate School of Engineering at Chiba University, Japan, set out to address this knowledge gap. Using both artificially and naturally sourced melanin, they performed a detailed analysis of the decomposition of melanin and showcased its upcycling potential. Their paper, which was made available online on April 19, 2024, and published in Volume 12, Issue 18 of the journal on May 6, 2024, was co-authored by Mr. Takumi Morita and Prof. Keiki Kishikawa from the Graduate School of Engineering at Chiba University, Prof. Toshihiko Matsuura from the Laboratory of Biotechnology and Bioengineering at Hokkaido University of Education, and Prof. Hironori Izawa from the Faculty of Engineering at University of Miyazaki.

First, the researchers synthesized artificial melanin from polydopamine, obtaining a polymer that is structurally very similar to natural melanin. Using powdered samples as a model substance, they ran a series of decomposition tests under various conditions, followed by a series of analytical experiments on the resulting decomposition products.

Afterward, they repeated many of these tests on natural melanin, which they extracted from the ink sacs of cuttlefish. "From a resource perspective, the melanin concentrated in the ink sacs of cuttlefish and squid is easily recoverable natural melanin. The catch of squid and octopus has been increasing yearly and hovering around three million tons for the past few years," explains Dr. Kohri. Interestingly, the researchers found that both artificial and natural melanin were decomposed into pyrrole derivatives containing carboxylic acids. This result suggests that melanin derived from other renewable and easily accessible sources, such as insect exoskeletons, animal hair, or melanin-producing microorganisms, could be equally useful as a chemical precursor.

Finally, using the decomposition products obtained from artificial and natural melanin as raw materials, the researchers prepared various polymer films and particles. These experiments serve as a demonstration of the untapped potential of melanin in biomass upcycling. "Since melanin is naturally abundant biomass and eventually gets degraded by microorganisms, polymeric materials produced using melanin decomposition products are probably also biodegradable," highlights Dr. Kohri. "Biodegradable polymers can be disposed of without harming the environment, and thus, the proposed approach for making polymers from melanin decomposition products could lead to the development of sustainable materials."

Overall, the findings of this study could pave the way to the widespread adoption of melanin upcycling, which could ultimately help us protect the environment. "Just as research on cellulose biomass has advanced because cellulose can be extracted from a variety of underutilized plants, we hope our efforts bolster the use of melanin as a biomass resource," concludes Dr. Kohri, with eyes on the future.
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This desert moss has the potential to grow on Mars | ScienceDaily

"Our study shows that the environmental resilience of S. caninervis is superior to that of some of highly stress-tolerant microorganisms and tardigrades," write the researchers, who include ecologists Daoyuan Zhang and Yuanming Zhang and botanist Tingyun Kuang of the Chinese Academy of Sciences. "S. caninervis is a promising candidate pioneer plant for colonizing extraterrestrial environments, laying the foundation for building biologically sustainable human habitats beyond Earth."

A small number of previous studies have tested the ability of microorganisms, algae, lichens, and plant spores to withstand the extreme environments of outer space or Mars, but this is the first study to test whole plants.

Syntrichia caninervis is a common moss species with a widespread global distribution. It grows in remarkably extreme desert environments including Tibet, Antarctica, and the circumpolar regions as part of the biological soil crust -- a widespread and resilient type of ground cover often found in arid lands. Given the moss's ability to survive extreme environmental conditions, the researchers decided to test its limits in the lab.

To test the moss's cold tolerance, the researchers stored plants at [?]80degC (in an ultra-cold freezer) for 3 and 5 years and at [?]196degC (in a liquid nitrogen tank) for 15 and 30 days. In all cases, the plants regenerated when they were defrosted, though their rebound was less rapid compared to control specimens that had been dehydrated but not frozen, and plants that were not dehydrated prior to freezing rebounded more slowly than plants that were dried, then frozen.

The moss also demonstrated the ability to survive gamma radiation exposure that would kill most plants, and doses of 500 Gy even seemed to promote the plants' growth. For comparison, humans experience severe convulsions and death when exposed to around 50 Gy. "Our results indicate that S. caninervis is among the most radiation-tolerant organisms known," the researchers write.

Finally, the researchers tested the moss's ability to endure Mars-like conditions using the Chinese Academy of Sciences' Planetary Atmospheres Simulation Facility. The simulator's Martian conditions included air composed of 95% CO2, temperatures that fluctuated from [?]60degC to 20degC, high levels of UV radiation, and low atmospheric pressure. Dried moss plants achieved a 100% regeneration rate within 30 days after being subjected to the Martian conditions for 1, 2, 3, and 7 days. Hydrated plants, which were only subjected to the simulator for one day, also survived, though they regenerated more slowly than their desiccated counterparts.

"Although there is still a long way to go to create self-sufficient habitats on other planets, we demonstrated the great potential of S. caninervis as a pioneer plant for growth on Mars," the researchers write. "Looking to the future, we expect that this promising moss could be brought to Mars or the Moon to further test the possibility of plant colonization and growth in outer space."

This research was supported by the Chinese Academy of Sciences, the Leading Talents in Technological Innovation Program, and The Third Xinjiang Scientific Expedition Program.
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'World record' for data transmission speed | ScienceDaily
Aston University researchers are part of a team that has sent data at a record rate of 402 terabits per second using commercially available optical fibre.


						
This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fibre.

"If compared to the internet connection speed recommendations of Netflix, of 3 Mbit/s or higher, for a watching a HD movie, this speed is over 100 million times faster.

The speed was achieved by using a wider spectrum, using six bands rather than the previous four, which increased capacity for data sharing. Normally just one or two bands are used.

The international research team included Professor Wladek Forysiak and Dr Ian Philips who are members of the University's Aston Institute of Photonic Technologies (AIPT). Led by the Photonic Network Laboratory of the National Institute of Information and Communications Technology (NICT) which is based in Tokyo, Japan it also including Nokia Bell labs of the USA.

Together they achieved the feat by constructing the first optical transmission system covering six wavelength bands (O,E,S,C,L and U) used in fibre optical communication. Aston University contributed specifically by building a set of U-band Raman amplifiers, the longest part of the combined wavelength spectrum, where conventional doped fibre amplifiers are not presently available from commercial sources.

Optical fibres are small tubular strands of glass that pass information using light unlike regular copper cables that can't carry data at such speeds.




As well as increasing capacity by approximately a third, the technique uses so-called "standard fibre" that is already deployed in huge quantities worldwide, so there would be no need to install new specialist cables.

As demand for data from business and individuals increases this new discovery could help keep broadband prices stable despite an improvement in capacity and speed.

Aston University's Dr Philips said: "This finding could help increase capacity on a single fibre so the world would have a higher performing system.

"The newly developed technology is expected to make a significant contribution to expand the communication capacity of the optical communication infrastructure as future data services rapidly increase demand."

His colleague Professor Wladek Forysiak added: 'This is a 'hero experiment' made possible by a multi-national team effort and very recent technical advances in telecommunications research laboratories from across the world'."

The results of the experiment were accepted as a post-deadline paper at the 47th International Conference on Optical Fiber Communications (OFC 2024) in the USA on 28 March.

To help support some of its work in this area Aston University has received funding from EPSRC (UKRI), the Royal Society (RS Exchange grant with NICT) and the EU (European Training Network).
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New computational microscopy technique provides more direct route to crisp images | ScienceDaily
For hundreds of years, the clarity and magnification of microscopes were ultimately limited by the physical properties of their optical lenses. Microscope makers pushed those boundaries by making increasingly complicated and expensive stacks of lens elements. Still, scientists had to decide between high resolution and a small field of view on the one hand or low resolution and a large field of view on the other.


						
In 2013, a team of Caltech engineers introduced a microscopy technique called FPM (for Fourier ptychographic microscopy). This technology marked the advent of computational microscopy, the use of techniques that wed the sensing of conventional microscopes with computer algorithms that process detected information in new ways to create deeper, sharper images covering larger areas. FPM has since been widely adopted for its ability to acquire high-resolution images of samples while maintaining a large field of view using relatively inexpensive equipment.

Now the same lab has developed a new method that can outperform FPM in its ability to obtain images free of blurriness or distortion, even while taking fewer measurements. The new technique, described in a paper that appeared in the journal Nature Communications, could lead to advances in such areas as biomedical imaging, digital pathology, and drug screening.

The new method, dubbed APIC (for Angular Ptychographic Imaging with Closed-form method), has all the advantages of FPM without what could be described as its biggest weakness -- namely, that to arrive at a final image, the FPM algorithm relies on starting at one or several best guesses and then adjusting a bit at a time to arrive at its "optimal" solution, which may not always be true to the original image.

Under the leadership of Changhuei Yang, the Thomas G. Myers Professor of Electrical Engineering, Bioengineering, and Medical Engineering and an investigator with the Heritage Medical Research Institute, the Caltech team realized that it was possible to eliminate this iterative nature of the algorithm.

Rather than relying on trial and error to try to home in on a solution, APIC solves a linear equation, yielding details of the aberrations, or distortions introduced by a microscope's optical system. Once the aberrations are known, the system can correct for them, basically performing as though it is ideal, and yielding clear images covering large fields of view.

"We arrive at a solution of the high-resolution complex field in a closed-form fashion, as we now have a deeper understanding in what a microscope captures, what we already know, and what we need to truly figure out, so we don't need any iteration," says Ruizhi Cao (PhD '24), co-lead author on the paper, a former graduate student in Yang's lab, and now a postdoctoral scholar at UC Berkeley. "In this way, we can basically guarantee that we are seeing the true final details of a sample."

As with FPM, the new method measures not only the intensity of the light seen through the microscope but also an important property of light called "phase," which is related to the distance that light travels. This property goes undetected by human eyes but contains information that is very useful in terms of correcting aberrations. It was in solving for this phase information that FPM relied on a trial-and-error method, explains Cheng Shen (PhD '23), co-lead author on the APIC paper, who also completed the work while in Yang's lab and is now a computer vision algorithm engineer at Apple. "We have proven that our method gives you an analytical solution and in a much more straightforward way. It is faster, more accurate, and leverages some deep insights about the optical system."




Beyond eliminating the iterative nature of the phase-solving algorithm, the new technique also allows researchers to gather clear images over a large field of view without repeatedly refocusing the microscope. With FPM, if the height of the sample varied even a few tens of microns from one section to another, the person using the microscope would have to refocus in order to make the algorithm work. Since these computational microscopy techniques frequently involve stitching together more than 100 lower-resolution images to piece together the larger field of view, that means APIC can make the process much faster and prevent the possible introduction of human error at many steps.

"We have developed a framework to correct for the aberrations and also to improve resolution," says Cao. "Those two capabilities can be potentially fruitful for a broader range of imaging systems."

Yang says the development of APIC is vital to the broader scope of work his lab is currently working on to optimize image data input for artificial intelligence (AI) applications. "Recently, my lab showed that AI can outperform expert pathologists at predicting metastatic progression from simple histopathology slides from lung cancer patients," says Yang. "That prediction ability is exquisitely dependent on obtaining uniformly in-focus and high-quality microscopy images, something that APIC is highly suited for."
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Tiny bright objects discovered at dawn of universe baffle scientists | ScienceDaily
A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.


						
An international team, led by Penn State researchers, using the NIRSpec instrument aboard JWST as part of the RUBIES survey identified three mysterious objects in the early universe, about 600-800 million years after the Big Bang, when the universe was only 5% of its current age. They announced the discovery today (June 27) in Astrophysical Journal Letters.

The team studied spectral measurements, or intensity of different wavelengths of light emitted from the objects. Their analysis found signatures of "old" stars, hundreds of millions of years old, far older than expected in a young universe.

The researchers said they were also surprised to discover signatures of huge supermassive black holes in the same objects, estimating that they are 100 to 1,000 times more massive than the supermassive black hole in our own Milky Way. Neither of these are expected in current models of galaxy growth and supermassive black hole formation, which expect galaxies and their black holes to grow together over billions of years of cosmic history.

"We have confirmed that these appear to be packed with ancient stars -- hundreds of millions of years old -- in a universe that is only 600-800 million years old. Remarkably, these objects hold the record for the earliest signatures of old starlight," said Bingjie Wang, a postdoctoral scholar at Penn State and lead author on the paper. "It was totally unexpected to find old stars in a very young universe. The standard models of cosmology and galaxy formation have been incredibly successful, yet, these luminous objects do not quite fit comfortably into those theories."

The researchers first spotted the massive objects in July of 2022, when the initial dataset was released from JWST. The team published a paper in Nature several months later announcing the objects' existence.

At the time, the researchers suspected the objects were galaxies, but followed up their analysis by taking spectra to better understand the true distances of the objects, as well as the sources powering their immense light.




The researchers then used the new data to draw a clearer picture of what the galaxies looked like and what was inside of them. Not only did the team confirm that the objects were indeed galaxies near the beginning of time, but they also found evidence of surprisingly large supermassive black holes and a surprisingly old population of stars.

"It's very confusing," said Joel Leja, assistant professor of astronomy and astrophysics at Penn State and co-author on both papers. "You can make this uncomfortably fit in our current model of the universe, but only if we evoke some exotic, insanely rapid formation at the beginning of time. This is, without a doubt, the most peculiar and interesting set of objects I've seen in my career."

The JWST is equipped with infrared-sensing instruments capable of detecting light that was emitted by the most ancient stars and galaxies. Essentially, the telescope allows scientists to see back in time roughly 13.5 billion years, near the beginning of the universe as we know it, Leja said.

One challenge to analyzing ancient light is that it can be hard to differentiate between the types of objects that could have emitted the light. In the case of these early objects, they have clear characteristics of both supermassive black holes and old stars. However, Wang explained, it's not yet clear how much of the observed light comes from each -- meaning these could be early galaxies that are unexpectedly old and more massive even than our own Milky Way, forming far earlier than models predict, or they could be more normal-mass galaxies with "overmassive" black holes, roughly 100 to 1,000 times more massive than such a galaxy would have today.

"Distinguishing between light from material falling into a black hole and light emitted from stars in these tiny, distant objects is challenging," Wang said. "That inability to tell the difference in the current dataset leaves ample room for interpretation of these intriguing objects. Honestly, it's thrilling to have so much of this mystery left to figure out."

Aside from their unexplainable mass and age, if part of the light is indeed from supermassive black holes, then they also aren't normal supermassive black holes. They produce far more ultraviolet photons than expected, and similar objects studied with other instruments lack the characteristic signatures of supermassive black holes, such as hot dust and bright X-ray emission. But maybe the most surprising thing, the researchers said, is how massive they seem to be.




"Normally supermassive black holes are paired with galaxies," Leja said. "They grow up together and go through all their major life experiences together. But here, we have a fully formed adult black hole living inside of what should be a baby galaxy. That doesn't really make sense, because these things should grow together, or at least that's what we thought."

The researchers were also perplexed by the incredibly small sizes of these systems, only a few hundred light years across, roughly 1,000 times smaller than our own Milky Way. The stars are approximately as numerous as in our own Milky Way galaxy -- with somewhere between 10 billion and 1 trillion stars -- but contained within a volume 1,000 times smaller than the Milky Way.

Leja explained that if you took the Milky Way and compressed it to the size of the galaxies they found, the nearest star would almost be in our solar system. The supermassive black hole in the center of the Milky Way, about 26,000 light years away, would only be about 26 light years away from Earth and visible in the sky as a giant pillar of light.

"These early galaxies would be so dense with stars -- stars that must have formed in a way we've never seen, under conditions we would never expect during a period in which we'd never expect to see them," Leja said. "And for whatever reason, the universe stopped making objects like these after just a couple of billion years. They are unique to the early universe."

The researchers are hoping to follow up with more observations, which they said could help explain some of the objects' mysteries. They plan to take deeper spectra by pointing the telescope at the objects for prolonged periods of time, which will help disentangle emission from stars and the potential supermassive black hole by identifying the specific absorption signatures that would be present in each.

"There's another way that we could have a breakthrough, and that's just the right idea," Leja said. "We have all these puzzle pieces and they only fit if we ignore the fact that some of them are breaking. This problem is amenable to a stroke of genius that has so far eluded us, all of our collaborators and the entire scientific community."

Wang and Leja received funding from NASA's General Observers program. The research was also supported by the International Space Science Institute in Bern. The work is based in part on observations made with the NASA/ESA/CSA James Webb Space Telescope. Computations for the research were performed on Penn State's Institute for Computational and Data Sciences' Roar supercomputer.

Other co-authors on the paper are Anna de Graaff of the Max-Planck-Institut fur Astronomie in Germany; Gabriel Brammer of the Cosmic Dawn Center and Niels Bohr Institute; Andrea Weibel and Pascal Oesch of the University of Geneva; Nikko Cleri, Michaela Hirschmann, Pieter van Dokkum and Rohan Naidu of Yale University; Ivo Labbe of Stanford University; Jorryt Matthee and Jenny Greene of Princeton University; Ian McConachie and Rachel Bezanson of the University of Pittsburgh; Josephine Baggen of Texas A&M University; Katherine Suess of the Observatoire de Sauverny in Switzerland; David Setton of Massachusetts Institute of Technology's Kavli Institute for Astrophysics and Space Research; Erica Nelson of the University of Colorado; Christina Williams of the U.S. National Science Foundation's National Optical-Infrared Astronomy Research Laboratory and the University of Arizona.
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Soft, stretchy electrode simulates touch sensations using electrical signals | ScienceDaily
A team of researchers led by the University of California San Diego has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device, reported in a paper published in Science Robotics, represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations.


						
The device consists of a soft, stretchable electrode attached to a silicone patch. It can be worn like a sticker on either the fingertip or forearm. The electrode, in direct contact with the skin, is connected to an external power source via wires. By sending a mild electrical current through the skin, the device can produce sensations of either pressure or vibration depending on the signal's frequency.

"Our goal is to create a wearable system that can deliver a wide gamut of touch sensations using electrical signals -- without causing pain for the wearer," said study co-first author Rachel Blau, a nano engineering postdoctoral researcher at the UC San Diego Jacobs School of Engineering.

Existing technologies that recreate a sense of touch through electrical stimulation often induce pain due to the use of rigid metal electrodes, which do not conform well to the skin. The air gaps between these electrodes and the skin can result in painful electrical currents.

To address these issues, Blau and a team of researchers led by Darren Lipomi, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego, developed a soft, stretchy electrode that seamlessly conforms to the skin.

The electrode is made of a new polymer material constructed from the building blocks of two existing polymers: a conductive, rigid polymer known as PEDOT:PSS, and a soft, stretchy polymer known as PPEGMEA. "By optimizing the ratio of these [polymer building blocks], we molecularly engineered a material that is both conductive and stretchable," said Blau.

The polymer electrode is laser-cut into a spring-shaped, concentric design and attached to a silicone substrate. "This design enhances the electrode's stretchability and ensures that the electrical current targets a specific location on the skin, thus providing localized stimulation to prevent any pain," said Abdulhameed Abdal, a Ph.D. student in the Department of Mechanical and Aerospace Engineering at UC San Diego and the study's other co-first author. Abdal and Blau worked on the synthesis and fabrication of the electrode with UC San Diego nano engineering undergraduate students Yi Qie, Anthony Navarro and Jason Chin.




In tests, the electrode device was worn on the forearm by 10 participants. In collaboration with behavioral scientists and psychologists at the University of Amsterdam, the researchers first identified the lowest level of electrical current detectable. They then adjusted the frequency of the electrical stimulation, allowing participants to experience sensations categorized as either pressure or vibration.

"We found that by increasing the frequency, participants felt more vibration rather than pressure," said Abdal. "This is interesting because biophysically, it was never known exactly how current is perceived by the skin."

The new insights could pave the way for the development of advanced haptic devices for applications such as virtual reality, medical prosthetics and wearable technology.

This work was supported by the National Science Foundation Disability and Rehabilitation Engineering program (CBET-2223566). This work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-1542148).
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Can A.I. tell you if you have osteoporosis? Newly developed deep learning model shows promise | ScienceDaily
Osteoporosis is so difficult to detect in early stage it's called the "silent disease." What if artificial intelligence could help predict a patient's chances of having the bone-loss disease before ever stepping into a doctor's office?


						
Tulane University researchers made progress toward that vision by developing a new deep learning algorithm that outperformed existing computer-based osteoporosis risk prediction methods, potentially leading to earlier diagnoses and better outcomes for patients with osteoporosis risk.

Their results were recently published in Frontiers in Artificial Intelligence.

Deep learning models have gained notice for their ability to mimic human neural networks and find trends within large datasets without being specifically programmed to do so. Researchers tested the deep neural network (DNN) model against four conventional machine learning algorithms and a traditional regression model, using data from over 8,000 participants aged 40 and older in the Louisiana Osteoporosis Study. The DNN achieved the best overall predictive performance, measured by scoring each model's ability to identify true positives and avoid mistakes.

"The earlier osteoporosis risk is detected, the more time a patient has for preventative measures," said lead author Chuan Qiu, a research assistant professor at the Tulane School of Medicine Center for Biomedical Informatics and Genomics. "We were pleased to see our DNN model outperform other models in accurately predicting the risk of osteoporosis in an aging population."

In testing the algorithms using a large sample size of real-world health data, the researchers were also able to identify the 10 most important factors for predicting osteoporosis risk: weight, age, gender, grip strength, height, beer drinking, diastolic pressure, alcohol drinking, years of smoking, and income level.

Notably, the simplified DNN model using these top 10 risk factors performed nearly as well as the full model which included all risk factors.

While Qiu admitted that there is much more work to be done before an AI platform can be used by the public to predict an individual's risk of osteoporosis, he said identifying the benefits of the deep learning model was a step in that direction.

"Our final aim is to allow people to enter their information and receive highly accurate osteoporosis risk scores to empower them to seek treatment to strengthen their bones and reduce any further damage," Qiu said.
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Wireless receiver blocks interference for better mobile device performance | ScienceDaily
The growing prevalence of high-speed wireless communication devices, from 5G mobile phones to sensors for autonomous vehicles, is leading to increasingly crowded airwaves. This makes the ability to block interfering signals that can hamper device performance an even more important -- and more challenging -- problem.


						
With these and other emerging applications in mind, MIT researchers demonstrated a new millimeter-wave multiple-input-multiple-output (MIMO) wireless receiver architecture that can handle stronger spatial interference than previous designs. MIMO systems have multiple antennas, enabling them to transmit and receive signals from different directions. Their wireless receiver senses and blocks spatial interference at the earliest opportunity, before unwanted signals have been amplified, which improves performance.

Key to this MIMO receiver architecture is a special circuit that can target and cancel out unwanted signals, known as a nonreciprocal phase shifter. By making a novel phase shifter structure that is reconfigurable, low-power, and compact, the researchers show how it can be used to cancel out interference earlier in the receiver chain.

Their receiver can block up to four times more interference than some similar devices. In addition, the interference-blocking components can be switched on and off as needed to conserve energy.

In a mobile phone, such a receiver could help mitigate signal quality issues that can lead to slow and choppy Zoom calling or video streaming.

"There is already a lot of utilization happening in the frequency ranges we are trying to use for new 5G and 6G systems. So, anything new we are trying to add should already have these interference-mitigation systems installed. Here, we've shown that using a nonreciprocal phase shifter in this new architecture gives us better performance. This is quite significant, especially since we are using the same integrated platform as everyone else," says Negar Reiskarimian, the X-Window Consortium Career Development Assistant Professor in the Department of Electrical Engineering and Computer Science (EECS), a member of the Microsystems Technology Laboratories and Research Laboratory of Electronics (RLE), and the senior author of a paper on this receiver.

Reiskarimian wrote the paper with EECS graduate students Shahabeddin Mohin, who is the lead author, Soroush Araei, and Mohammad Barzgari, an RLE postdoc. The work was recently presented at the IEEE Radio Frequency Circuits Symposium and received the Best Student Paper Award.




Blocking interference

Digital MIMO systems have an analog and a digital portion. The analog portion uses antennas to receive signals, which are amplified, down-converted, and passed through an analog-to-digital converter before being processed in the digital domain of the device. In this case, digital beamforming is required to retrieve the desired signal.

But if a strong, interfering signal coming from a different direction hits the receiver at the same time as a desired signal, it can saturate the amplifier so the desired signal is drowned out. Digital MIMOs can filter out unwanted signals, but this filtering occurs later in the receiver chain. If the interference is amplified along with the desired signal, it is more difficult to filter out later.

"The output of the initial low-noise amplifier is the first place you can do this filtering with minimal penalty, so that is exactly what we are doing with our approach," Reiskarimian says.

The researchers built and installed four nonreciprocal phase shifters immediately at the output of the first amplifier in each receiver chain, all connected to the same node. These phase shifters can pass signal in both directions and sense the angle of an incoming interfering signal. The devices can adjust their phase until they cancel out the interference.

The phase of these devices can be precisely tuned, so they can sense and cancel an unwanted signal before it passes to the rest of the receiver, blocking interference before it affects any other parts of the receiver. In addition, the phase shifters can follow signals to continue blocking interference if it changes location.




"If you start getting disconnected or your signal quality goes down, you can turn this on and mitigate that interference on the fly. Because ours is a parallel approach, you can turn it on and off with minimal effect on the performance of the receiver itself," Reiskarimian adds.

A compact device

In addition to making their novel phase shifter architecture tunable, the researchers designed them to use less space on the chip and consume less power than typical nonreciprocal phase shifters.

Once the researchers had done the analysis to show their idea would work, their biggest challenge was translating the theory into a circuit that achieved their performance goals. At the same time, the receiver had to meet strict size restrictions and a tight power budget, or it wouldn't be useful in real-world devices.

In the end, the team demonstrated a compact MIMO architecture on a 3.2-square-millimeter chip that could block signals which were up to four times stronger than what other devices could handle. Simpler than typical designs, their phase shifter architecture is also more energy efficient.

Moving forward, the researchers want to scale up their device to larger systems, as well as enable it to perform in the new frequency ranges utilized by 6G wireless devices. These frequency ranges are prone to powerful interference from satellites. In addition, they would like to adapt nonreciprocal phase shifters to other applications.

This research was supported, in part, by the MIT Center for Integrated Circuits and Systems.
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Study reveals why AI models that analyze medical images can be biased | ScienceDaily
Artificial intelligence models often play a role in medical diagnoses, especially when it comes to analyzing images such as X-rays. However, studies have found that these models don't always perform well across all demographic groups, usually faring worse on women and people of color.


						
These models have also been shown to develop some surprising abilities. In 2022, MIT researchers reported that AI models can make accurate predictions about a patient's race from their chest X-rays -- something that the most skilled radiologists can't do.

That research team has now found that the models that are most accurate at making demographic predictions also show the biggest "fairness gaps" -- that is, discrepancies in their ability to accurately diagnose images of people of different races or genders. The findings suggest that these models may be using "demographic shortcuts" when making their diagnostic evaluations, which lead to incorrect results for women, Black people, and other groups, the researchers say.

"It's well-established that high-capacity machine-learning models are good predictors of human demographics such as self-reported race or sex or age. This paper re-demonstrates that capacity, and then links that capacity to the lack of performance across different groups, which has never been done," says Marzyeh Ghassemi, an MIT associate professor of electrical engineering and computer science, a member of MIT's Institute for Medical Engineering and Science, and the senior author of the study.

The researchers also found that they could retrain the models in a way that improves their fairness. However, their approached to "debiasing" worked best when the models were tested on the same types of patients they were trained on, such as patients from the same hospital. When these models were applied to patients from different hospitals, the fairness gaps reappeared.

"I think the main takeaways are, first, you should thoroughly evaluate any external models on your own data because any fairness guarantees that model developers provide on their training data may not transfer to your population. Second, whenever sufficient data is available, you should train models on your own data," says Haoran Zhang, an MIT graduate student and one of the lead authors of the new paper. MIT graduate student Yuzhe Yang is also a lead author of the paper, which will appear in Nature Medicine. Judy Gichoya, an associate professor of radiology and imaging sciences at Emory University School of Medicine, and Dina Katabi, the Thuan and Nicole Pham Professor of Electrical Engineering and Computer Science at MIT, are also authors of the paper.

Removing bias

As of May 2024, the FDA has approved 882 AI-enabled medical devices, with 671 of them designed to be used in radiology. Since 2022, when Ghassemi and her colleagues showed that these diagnostic models can accurately predict race, they and other researchers have shown that such models are also very good at predicting gender and age, even though the models are not trained on those tasks.




"Many popular machine learning models have superhuman demographic prediction capacity -- radiologists cannot detect self-reported race from a chest X-ray," Ghassemi says. "These are models that are good at predicting disease, but during training are learning to predict other things that may not be desirable." In this study, the researchers set out to explore why these models don't work as well for certain groups. In particular, they wanted to see if the models were using demographic shortcuts to make predictions that ended up being less accurate for some groups. These shortcuts can arise in AI models when they use demographic attributes to determine whether a medical condition is present, instead of relying on other features of the images.

Using publicly available chest X-ray datasets from Beth Israel Deaconess Medical Center in Boston, the researchers trained models to predict whether patients had one of three different medical conditions: fluid buildup in the lungs, collapsed lung, or enlargement of the heart. Then, they tested the models on X-rays that were held out from the training data.

Overall, the models performed well, but most of them displayed "fairness gaps" -- that is, discrepancies between accuracy rates for men and women, and for white and Black patients.

The models were also able to predict the gender, race, and age of the X-ray subjects. Additionally, there was a significant correlation between each model's accuracy in making demographic predictions and the size of its fairness gap. This suggests that the models may be using demographic categorizations as a shortcut to make their disease predictions.

The researchers then tried to reduce the fairness gaps using two types of strategies. For one set of models, they trained them to optimize "subgroup robustness," meaning that the models are rewarded for having better performance on the subgroup for which they have the worst performance, and penalized if their error rate for one group is higher than the others.

In another set of models, the researchers forced them to remove any demographic information from the images, using "group adversarial" approaches. Both of these strategies worked fairly well, the researchers found.




"For in-distribution data, you can use existing state-of-the-art methods to reduce fairness gaps without making significant trade-offs in overall performance," Ghassemi says. "Subgroup robustness methods force models to be sensitive to mispredicting a specific group, and group adversarial methods try to remove group information completely."

Not always fairer

However, those approaches only worked when the models were tested on data from the same types of patients that they were trained on -- for example, only patients from the Beth Israel Deaconess Medical Center dataset.

When the researchers tested the models that had been "debiased" using the BIDMC data to analyze patients from five other hospital datasets, they found that the models' overall accuracy remained high, but some of them exhibited large fairness gaps.

"If you debias the model in one set of patients, that fairness does not necessarily hold as you move to a new set of patients from a different hospital in a different location," Zhang says.

This is worrisome because in many cases, hospitals use models that have been developed on data from other hospitals, especially in cases where an off-the-shelf model is purchased, the researchers say.

"We found that even state-of-the-art models which are optimally performant in data similar to their training sets are not optimal -- that is, they do not make the best trade-off between overall and subgroup performance -- in novel settings," Ghassemi says. "Unfortunately, this is actually how a model is likely to be deployed. Most models are trained and validated with data from one hospital, or one source, and then deployed widely."

The researchers found that the models that were debiased using group adversarial approaches showed slightly more fairness when tested on new patient groups that those debiased with subgroup robustness methods. They now plan to try to develop and test additional methods to see if they can create models that do a better job of making fair predictions on new datasets.

The findings suggest that hospitals that use these types of AI models should evaluate them on their own patient population before beginning to use them, to make sure they aren't giving inaccurate results for certain groups.

The research was funded by a Google Research Scholar Award, the Robert Wood Johnson Foundation Harold Amos Medical Faculty Development Program, RSNA Health Disparities, the Lacuna Fund, the Gordon and Betty Moore Foundation, the National Institute of Biomedical Imaging and Bioengineering, and the National Heart, Lung, and Blood Institute.
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Researchers develop fastest possible flow algorithm | ScienceDaily
In a breakthrough that brings to mind Lucky Luke -- the man who shoots faster than his shadow -- Rasmus Kyng and his team have developed a superfast algorithm that looks set to transform an entire field of research. The groundbreaking work by Kyng's team involves what is known as a network flow algorithm, which tackles the question of how to achieve the maximum flow in a network while simultaneously minimising transport costs.


						
Imagine you are using the European transportation network and looking for the fastest and cheapest route to move as many goods as possible from Copenhagen to Milan. Kyng's algorithm can be applied in such cases to calculate the optimal, lowest-cost traffic flow for any kind of network -- be it rail, road, water or the internet. His algorithm performs these computations so fast that it can deliver the solution at the very moment a computer reads the data that describes the network.

Computations as fast as a network is big

Before Kyng, no one had ever managed to do that -- even though researchers have been working on this problem for some 90 years. Previously, it took significantly longer to compute the optimal flow than to process the network data. And as the network became larger and more complex, the required computing time increased much faster, comparatively speaking, than the actual size of the computing problem. This is why we also see flow problems in networks that are too large for a computer to even calculate.

Kyng's approach eliminates this problem: using his algorithm, computing time and network size increase at the same rate -- a bit like going on a hike and constantly keeping up the same pace however steep the path gets. A glance at the raw figures shows just how far we have come: until the turn of the millennium, no algorithm managed to compute faster than m1.5, where m stands for the number of connections in a network that the computer has to calculate, and just reading the network data once takes m time. In 2004, the computing speed required to solve the problem was successfully reduced to m1.33. Using Kyng's algorithm, the "additional" computing time required to reach the solution after reading the network data is now negligible.

Like a Porsche racing a horse-drawn carriage

The ETH Zurich researchers have thus developed what is, in theory, the fastest possible network flow algorithm. Two years ago, Kyng and his team presented mathematical proof of their concept in a groundbreaking paper. Scientists refer to these novel, almost optimally fast algorithms as "almost-linear-time algorithms," and the community of theoretical computer scientists responded to Kyng's breakthrough with a mixture of amazement and enthusiasm.




Kyng's doctoral supervisor, Daniel A. Spielman, Professor of Applied Mathematics and Computer Science at Yale and himself a pioneer and doyen in this field, compared the "absurdly fast" algorithm to a Porsche overtaking horse-drawn carriages. As well as winning the 2022 Best Paper Award at the IEEE Annual Symposium on Foundations of Computer Science (FOCS), their paper was also highlighted in the computing journal Communications of the ACM, and the editors of popular science magazine Quanta named Kyng's algorithm one of the ten biggest discoveries in computer science in 2022.

The ETH Zurich researchers have since refined their approach and developed further almost-linear-time algorithms. For example, the first algorithm was still focused on fixed, static networks whose connections are directed, meaning they function like one-way streets in urban road networks. The algorithms published this year are now also able to compute optimal flows for networks that incrementally change over time. Lightning-fast computation is an important step in tackling highly complex and data-rich networks that change dynamically and very quickly, such as molecules or the brain in biology, or human friendships.

Lightning-fast algorithms for changing networks

On Thursday, Simon Meierhans -- a member of Kyng's team -- presented a new almost-linear-time algorithm at the Annual ACM Symposium on Theory of Computing (STOC) in Vancouver. This algorithm solves the minimum-cost maximum-flow problem for networks that incrementally change as new connections are added. Furthermore, in a second paper accepted by the IEEE Symposium on Foundations of Computer Science (FOCS) in October, the ETH researchers have developed another algorithm that also handles connections being removed.

Specifically, these algorithms identify the shortest routes in networks where connections are added or deleted. In real-world traffic networks, examples of such changes in Switzerland include the complete closure and then partial reopening of the Gotthard Base Tunnel in the months since summer 2023, or the recent landslide that destroyed part of the A13 motorway, which is the main alternative route to the Gotthard Road Tunnel.

Confronted with such changes, how does a computer, an online map service or a route planner calculate the lowest-cost and fastest connection between Milan and Copenhagen? Kyng's new algorithms also compute the optimal route for these incrementally or decrementally changing networks in almost-linear time -- so quickly that the computing time for each new connection, whether added through rerouting or the creation of new routes, is again negligible.




But what exactly is it that makes Kyng's approach to computations so much faster than any other network flow algorithm? In principle, all computational methods are faced with the challenge of having to analyse the network in multiple iterations in order to find the optimal flow and the minimum-cost route. In doing so, they run through each of the different variants of which connections are open, closed or congested because they have reached their capacity limit.

Compute the whole? Or its parts?

Prior to Kyng, computer scientists tended to choose between two key strategies for solving this problem. One of these was modelled on the railway network and involved computing a whole section of the network with a modified flow of traffic in each iteration. The second strategy -- inspired by power flows in the electricity grid -- computed the entire network in each iteration but used statistical mean values for the modified flow of each section of the network in order to make the computation faster.

Kyng's team has now tied together the respective advantages of these two strategies in order to create a radical new combined approach. "Our approach is based on many small, efficient and low-cost computational steps, which -- taken together -- are much faster than a few large ones," says Maximilian Probst Gutenberg, a lecturer and member of Kyng's group, who played a key role in developing the almost-linear-time algorithms.

A brief look at the history of this discipline adds an additional dimension to the significance of Kyng's breakthrough: flow problems in networks were among the first to be solved systematically with the help of algorithms in the 1950s, and flow algorithms played an important role in establishing theoretical computer science as a field of research in its own right. The well-known algorithm developed by mathematicians Lester R. Ford Jr. and Delbert R. Fulkerson also stems from this period. Their algorithm efficiently solves the maximum-flow problem, which seeks to determine how to transport as many goods through a network as possible without exceeding the capacity of the individual routes.

Fast and wide-ranging

These advances showed researchers that the maximum-flow problem, the minimum-cost problem (transshipment or transportation problem) and many other important network-flow problems can all be viewed as special cases of the general minimum-cost flow problem. Prior to Kyng's research, most algorithms were only able to solve one of these problems efficiently, though they could not do even this particularly quickly, nor could they be extended to the broader minimum-cost flow problem. The same applies to the pioneering flow algorithms of the 1970s, for which the theoretical computer scientists John Edward Hopcroft, Richard Manning Karp and Robert Endre Tarjan each received a Turing Award, regarded as the "Nobel Prize" of computer science. Karp received his in 1985; Hopcroft and Tarjan won theirs in 1986.

Shift in perspective from railways to electricity

It wasn't until 2004 that mathematicians and computer scientists Daniel Spielman and Shang-Hua Teng -- and later Samuel Daitch -- succeeded in writing algorithms that also provided a fast and efficient solution to the minimum-cost flow problem. It was this group that shifted the focus to power flows in the electricity grid. Their switch in perspective from railways to electricity led to a key mathematical distinction: if a train is rerouted on the railway network because a line is out of service, the next best route according to the timetable may already be occupied by a different train. In the electricity grid, it is possible for the electrons that make up a power flow to be partially diverted to a network connection through which other current is already flowing. Thus, unlike trains, the electrical current can, in mathematical terms, be "partially" moved to a new connection.

This partial rerouting enabled Spielman and his colleagues to compute such route changes much faster and, at the same time, to recalculate the entire network after each change. "We rejected Spielman's approach of creating the most powerful algorithms we could for the entire network," says Kyng. "Instead, we applied his idea of partial route computation to the earlier approaches of Hopcroft and Karp." This computation of partial routes in each iteration played a major role in speeding up the overall flow computation.

A turning point in theoretical principles

Much of the ETH Zurich researchers' progress comes down to the decision to extend their work beyond the development of new algorithms. The team also uses and designs new mathematical tools that speed up their algorithms even more. In particular, they have developed a new data structure for organising network data; this makes it possible to identify any change to a network connection extremely quickly; this, in turn, helps make the algorithmic solution so amazingly fast. With so many applications lined up for the almost-linear-time algorithms and for tools such as the new data structure, the overall innovation spiral could soon be turning much faster than before.

Yet laying the foundations for solving very large problems that couldn't previously be computed efficiently is only one benefit of these significantly faster flow algorithms -- because they also change the way in which computers calculate complex tasks in the first place. "Over the past decade, there has been a revolution in the theoretical foundations for obtaining provably fast algorithms for foundational problems in theoretical computer science," writes an international group of researchers from University of California, Berkeley, which includes among its members Rasmus Kyng and Deeksha Adil, a researcher at the Institute for Theoretical Studies at ETH Zurich.
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Too many missing satellite galaxies found | ScienceDaily
For years, astronomers have worried about how to explain why the Milky Way has fewer satellite galaxies than the standard dark matter model predicts. This is called the "missing satellites problem." In order to bring us closer to solving this problem, an international team of researchers used data from the Hyper Suprime-Cam (HSC) Subaru Strategic Program (SSP) to discover two completely new satellite galaxies.


						
These results were published in the Publications of the Astronomical Society of Japan on June 8, 2024 by a team of researchers from Japan, Taiwan, and America.

We live in a galaxy called The Milky Way, which has other, smaller galaxies orbiting it called satellite galaxies. Studying these satellite galaxies can help researchers unravel mysteries surrounding dark matter, and better understand how galaxies evolve over time.

"How many satellite galaxies does the Milky Way have? This has been an important question for astronomers for decades," remarks Masahi Chiba, a professor at Tohoku University.

The research team recognized the possibility that there are likely many undiscovered, small satellite galaxies (dwarf galaxies) which are far away and difficult to detect. The powerful ability of the Subaru telescope -- which sits atop an isolated mountain above the clouds in Hawaii -- is well-suited to find these galaxies. In fact, this research team previously found three new dwarf galaxies using the Subaru telescope.

Now, the team has discovered an additional two new dwarf galaxies (Virgo III and Sextans II). With this discovery, a total of nine satellite galaxies have been found overall by different research teams. This is still much fewer than the 220 satellite galaxies predicted by the standard theory of dark matter.

However, the footprint of the HSC-SSP does not cover the entire Milky Way. If the distribution of those nine satellite galaxies across the entire Mily Way is similar to what was found in the footprint captured by the HSC-SSP, the research team calculates that there actually may be closer to 500 satellite galaxies. Now, we are faced with a "too many satellites problem," rather than a "missing satellites problem."

To better characterize the actual amount of satellite galaxies, more high-resolution imaging and analysis is required. "The next step is to use a more powerful telescope that captures a wider view of the sky," explains Chiba, "Next year, the Vera C. Rubin Observatory in Chile will be used to fulfill that purpose. I hope that many new satellite galaxies will be discovered.
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Breakthrough research makes cancer-fighting viral agent more effective | ScienceDaily
Researchers from Aarhus University have made a significant breakthrough by discovering that the drug 4-OI can enhance the effectiveness of a cancer-fighting viral agent. This may lead to treatment of cancers that are otherwise resistant to therapies.


						
When a cancer cell doesn't respond to traditional therapies, doctors may turn to a sort of viral biological warfare, by deploying 'troops' in the form of viral agents that are specifically engineered to target and eliminate cancer cells. The mode of attack is to transform the tumor into an immunologically "hot" environment, making it more visible and recognisable to our immune system.

Now, researchers from the Department of Biomedicine at Aarhus University have found a way to make one strain of viral agents even more effective. And the results are groundbreaking says lead researcher, Associate Professor David Olagnier:

"We found that if we administer a specific viral agent called Vesicular Stomatitis Virus (VSVD51) along with a metabolite-drug called 4-Octyl-Itaconate (4-OI), we are able to treat cancers that are considered resistant to viral infections."

In other words, by combining the drug and the viral agent, the researchers have managed to push the door open to possible treatments for cancers that have been immune to nearly all known treatments, including the viral agents. This is because some cancers have antiviral signaling, which enables them to combat the viral agents and resist the treatment.

The results are particularly surprising because the drug 4-OI has, in other combinations, shown to have the completely opposite effect on different types of viruses. 4-OI is normally antiviral -- meaning it would actually stop viruses rather than boost them. But in this specific combination, 4-OI instead helps the cancer fighting viral agents to work better:

"It is the combination of the specific virus and the drug that brings about a completely unique proviral effect, which potentially can have a significant impact on patients affected by cancer that we are currently unable to treat," explains David Olagnier.




The new findings are an important step towards a new form of treatment, and they underline the need for consistently working to find new ways to treat the many forms of cancer we face, says David Olagnier:

"Cancer is not a single disease but rather a hundred diseases with one name, so it is crucial that we develop multiple ways to eradicate the disease. The use of biologically active viral agents can potentially be a gamechanger for some currently incurable cancers. That's why our findings are so exciting and groundbreaking," he explains.

For the research team, the next step is a more extensive pre-clinical testing of the combinational use of VSVD51 and 4-OI.

"We are especially interested in testing this combination on tumours that have metastasised, which is when the cancer has started to spread, but also on liquid types of cancer like lymphomas," explains David Olagnier.
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New class of Mars quakes reveals daily meteorite strikes | ScienceDaily
An international team of researchers, co-lead by ETH Zurich and Imperial College London, have derived the first estimate of global meteorite impacts on Mars using seismic data. Their findings indicate between 280 to 360 meteorites strike the planet each year forming impact craters greater than 8 metres (about 26 feet) across. Geraldine Zenhaeusern who co-led the study commented, "This rate was about five times higher than the number estimated from orbital imagery alone. Aligned with orbital imagery, our findings demonstrate that seismology is an excellent tool for measuring impact rates."


						
Seismic "chirp" signals new class of quakes

Using data from the seismometer deployed during the NASA InSight Mission to Mars, researchers found that 6 seismic events recorded in the near proximity of the station had been previously identified as meteoric impacts (Garcia et al., 2023) -- a process enabled by the recording of a specific acoustic atmospheric signal generated when meteorites enter the Martian atmosphere. Now, Zenhausern, ETH Zurich, co-lead, Natalia Wojcicka, Imperial College London, and the research team have found that these 6 seismic events belong to a much larger group of marsquakes, so called very high frequency (VF) events. The source process of these quakes occurs much faster than for a tectonic marsquake of similar size. Where a normal magnitude 3-quake on Mars takes several seconds, an impact-generated event of the same size takes only 0.2 seconds or less, due to the hypervelocity of the collision. By analysing marsquake spectra, a further 80 marsquakes were identified that are now thought to be caused by meteoroid strikes.

Their research quest began in December 2021, a year before accumulated dust on the solar panels put an end to the InSight mission, when a large distant quake recorded by the seismometer reverberated a broadband seismic signal throughout the planet. Remote sensing associated the quake with a 150-metre-wide crater. To confirm, the InSight team partnered with Mars Reconnaissance Orbiter (MRO) Context Camera (CTX) to search for other fresh craters that would match the timing and location of the seismic events detected by InSight. The teams' detective work paid off and they were lucky to find a second fresh crater over a 100-metres (320 feet) in diameter. Smaller craters, however, formed when basketball-sized meteoroids strike the planet and which should be far more common, remained elusive. Now, the number of meteorite strikes is newly estimated by the occurrence of these special high-frequency quakes.

First meteorite impact rate from seismic data 

Approximately 17,000 meteorites fall to Earth each year, but unless they streak across the night's sky, they are rarely noticed. Most meteors disintegrate as they enter Earth's atmosphere, but on Mars the atmosphere is 100 times thinner leaving its surface exposed to larger and more frequent meteorite strikes.

Until now, planetary scientists have relied on orbital images and models inferred from well-preserved meteorite impacts on the Moon but extrapolating these estimates to Mars proved challenging. Scientists had to account for the stronger gravitational pull of Mars and its proximity to the asteroid belt, which both mean that more meteorites hit the red planet. On the other hand, regular sandstorms result in craters that are much less well-preserved than those on the Moon, and, therefore, not as easily detected with orbital imagery. When a meteorite strikes the planet, the seismic waves of the impact travel through the crust and mantle and can be picked up by seismometers.




Wojcicka explains, "We estimated crater diameters from the magnitude of all the VF-marsquakes and their distances, then used it to calculate how many craters formed around the InSight lander over the course of a year. We then extrapolated this data to estimate the number of impacts that happen annually on the whole surface of Mars."

Zenhausern adds, "While new craters can best be seen on flat and dusty terrain where they really stand out, this typ of terrain covers less than half of the surface of Mars. The sensitive InSight seismometer, however, could hear every single impact within the landers' range."

Insight into Mars age and future missions

Much like the lines and wrinkles on our face, the size and density of craters from meteorite strikes reveal clues about the age of different regions of a planetary body. The less craters, the younger the region of the planet. Venus, for example, has almost no visible craters because its surface is continually reworked by volcanism, while Mercury and the Moon with their ancient surfaces are heavily cratered. Mars falls in between these examples, with some old and some young regions that can be distinguished by the number of craters.

New data shows, an 8-metre (26-feet) crater happens somewhere on the surface of Mars nearly every day and a 30-metre (98-feet) crater occurs about once a month. Since hypervelocity impacts cause blast zones that are easily 100 times larger in diameter than the crater, knowing the exact number of impacts is important for the safety of robotic, but also future human missions to the red planet.

"This is the first paper of its kind to determine how often meteorites impact the surface of Mars from seismological data -- which was a level one mission goal of the Mars InSight Mission," says Domenico Giardini, Professor of Seismology and Geodynamics at ETH Zurich and co-Principal Investigator for the NASA Mars InSight Mission. "Such data factors into the planning for future missions to Mars."

According to Zenhausern and Wojcicka, the next steps in advancing this research involve the use of machine learning technologies to aid researchers in identifying further craters in satellite images and identifying seismic events in the data.
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Visual explanations of machine learning models to estimate charge states in quantum dots | ScienceDaily
A group of researchers has successfully demonstrated automatic charge state recognition in quantum dot devices using machine learning techniques, representing a significant step towards automating the preparation and tuning of quantum bits (qubits) for quantum information processing.


						
Semiconductor qubits use semiconductor materials to create quantum bits. These materials are common in traditional electronics, making them integrable with conventional semiconductor technology. This compatibility is why scientists consider them strong candidates for future qubits in the quest to realize quantum computers.

In semiconductor spin qubits, the spin state of an electron confined in a quantum dot serves as the fundamental unit of data, or the qubit. Forming these qubit states requires tuning numerous parameters, such as gate voltage, something performed by human experts.

However, as the number of qubits grows, tuning becomes more complex due to the excessive number of parameters. When it comes to realizing large-scale computers, this becomes problematic.

"To overcome this, we developed a means of automating the estimation of charge states in double quantum dots, crucial for creating spin qubits where each quantum dot houses one electron," points out Tomohiro Otsuka, an associate professor at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR).

Using a charge sensor, Otsuka and his team obtained charge stability diagrams to identify optimal gate voltage combinations ensuring the presence of precisely one electron per dot. Automating this tuning process required developing an estimator capable of classifying charge states based on variations in charge transition lines within the stability diagram.

To construct this estimator, the researchers employed a convolutional neural network (CNN) trained on data prepared using a lightweight simulation model: the Constant Interaction model (CI model). Pre-processing techniques enhanced data simplicity and noise robustness, optimizing the CNN's ability to accurately classify charge states.

Upon testing the estimator with experimental data, initial results showed effective estimation of most charge states, though some states exhibited higher error rates. To address this, the researchers utilized Grad-CAM visualization to uncover decision-making patterns within the estimator. They identified that errors were often attributed to coincidental-connected noise misinterpreted as charge transition lines. By adjusting the training data and refining the estimator's structure, researchers significantly improved accuracy for previously error-prone charge states while maintaining the high performance for others.

"Utilizing this estimator means that parameters for semiconductor spin qubits can be automatically tuned, something necessary if we are to scale up quantum computers," adds Otsuka. "Additionally, by visualizing the previously black-boxed decision basis, we have demonstrated that it can serve as a guideline for improving the estimator's performance."

Details of the research were published in the journal APL Machine Learning on April 15, 2024.
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The future of metals research with artificial intelligence | ScienceDaily
A research team led by Professor Hyoung Seop Kim from the Graduate Institute of Ferrous & Eco Materials Technology and the Department of Materials Science and Engineering and Jeong Ah Lee, a PhD candidate, from the Department of Materials Science and Engineering, in recent collaboration with Professor Figueiredo from Universidade Federal de Minas Gerais's Department of Metallurgical and Materials Engineering in Brazil, has developed an optimal artificial intelligence model to predict the yield strength of various metals, effectively addressing traditional cost and time limitations. This research has been published in the online edition of Acta Materialia, an international journal for metals and materials engineering.


						
Yield strength is the point at which a material, such as a metal, begins to deform under external stress. In materials engineering, accurately predicting yield strength is crucial for developing high-performance materials and enhancing structural stability. However, predicting this property involves considering numerous variables such as grain size and types of impurities in the material and typically requires extensive experimentation over prolonged periods to gather data.

To address this, the Hall-Petch equation which establishes the relationship between a material's yield strength and its grain size, is commonly used. However, it has limitations in accurately predicting the yield strength of new materials, considering their specific characteristics and various environmental conditions such as temperature and strain rate.

In this study, the team combined physical theory with artificial intelligence (AI) techniques to enhance accuracy while reducing the cost and time needed to predict yield strength. They developed a machine learning model that applies the mechanism of "grain boundary sliding," which describes how particles within a material move against each other, along with a machine learning algorithm to predict yield strength.

First, the team employed a black-box model to analyze the impact of various material properties on yield strength. They then developed a white-box model with clear inputs and outputs to enhance the precision of yield strength predictions.

The team validated their model using a variety of iron-based alloys that were not part of the training data for the yield strength prediction model. The results demonstrated that the model was highly accurate with an average absolute error of 7.79 MPa compared to the actual yield strength even when predicting on untrained data.

Professor Hyoung Seop Kim of POSTECH expressed his aspirations, saying, "We have developed a general-purpose AI model that can accurately predict the yield strength of different types of metals and under various experimental conditions." He added, "We will continue to actively utilize AI technology to make significant advances in materials engineering research."

The research was conducted with support from the Nano & Material Technology Development Program through the National Research Foundation of Korea (NRF) funded by Ministry of Science and ICT.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Cool roofs are best at beating cities' heat
        Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered 'green roofs,' street-level vegetation or solar panels, finds a new study led by UCL researchers.

      

      
        Researchers capture never-before-seen view of gene transcription
        New tech reveals findings that address long-standing theories about how bacteria begin the process of making RNA from DNA.

      

      
        A breakthrough in inexpensive, clean, fast-charging batteries
        Scientists have created an anode-free sodium solid-state battery. This brings the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

      

      
        New study on children and food:  Fruit chunks in yogurt are a turn off for one age group in particular
        It's no secret that kids aren't crazy about having too many seeds, pulp or chunks in their food. But six-year-olds in particular definitely can't stand lumps, according to a new study. The research sheds new light on children's food preferences across age groups and can serve parents, the health care sector and the food industry.

      

      
        Pasteurization inactivates highly infectious avian flu in milk, study suggests
        Researchers found no infectious virus in the sampled pasteurized milk products tested for H5N1.

      

      
        Mechanism of bio-inspired control of liquid flow
        The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research implied that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials,...

      

      
        Early-onset El Nino means warmer winters in East Asia, and vice versa
        Researchers have found that the early onset of El Nino around June leads to warm winter climates in Japan, while the late onset of El Nino is associated with colder winters. By analyzing 100-ensemble member climate simulations over the past 61 years, the team found that the warming of the tropical Indian Ocean was a player in warmer Japanese winters.

      

      
        Blue and great tits deploy surprisingly powerful memories to find food
        Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging. The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

      

      
        Giant salamander-like creature was a top predator in the ice age before the dinosaurs
        Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. It lived 40 million years before the first dinosaurs, and it was the top predator in its ecosystem.

      

      
        Extinct humans survived on the Tibetan plateau for 160,000 years
        Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia.

      

      
        Mighty floods of the Nile River during warmer and wetter climates
        Global warming as well as recent droughts and floods threaten large populations along the Nile Valley. Sediment cores off the Nile mouth reveal insights into the effects and causes of heavy rainfall episodes about 9,000 years ago. That will help to prepare for weather extremes in a changing climate.

      

      
        Giant clams may hold the answers to making solar energy more efficient
        Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new study. This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

      

      
        Advancing toward a preventative HIV vaccine
        A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a 'swarm' of viral strains existing in a single body.

      

      
        Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature
        Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of ...

      

      
        Study explores what motivates people to watch footage of disasters and extreme weather
        The release in July 2024 of the blockbuster film Twisters (centred around a social-media celebrity storm-chaser) demonstrates an ongoing public fascination in hazards and extreme weather. The arrival of camera and streaming technologies have made it easier to collect and share such footage in recent years, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord. Now, a new study has analyzed what might be motivating people to watch these streams --...

      

      
        Exploring the chemical space of the exposome: How far have we gone?
        Scientists have taken on the daunting challenge of mapping all the chemicals around us. They take inventory of the available science and conclude that currently a real pro-active chemical management is not feasible. To really get a grip on the vast and expanding chemical universe, they advocate the use of machine learning and AI, complementing existing strategies for detecting and identifying all molecules we are exposed to.

      

      
        A new breakthrough in understanding regeneration in a marine worm
        The sea worm Platynereis dumerilii is only a few centimeters long but has a remarkable ability: in just a few days, it can regenerate entire parts of its body after an injury or amputation. By focusing more specifically on the mechanisms at play in the regeneration of this worm's tail, a research team has observed that gut cells play a role in the regeneration of the intestine as well as other tissues such as muscle and epidermis.

      

      
        Crucial gaps in climate risk assessment methods
        Researchers have uncovered significant flaws in current climate risk assessment techniques that could lead to a severe underestimation of climate-related financial losses for businesses and investors.

      

      
        True scale of carbon impact from long-distance travel revealed
        The reality of the climate impact of long-distance passenger travel has been revealed in new research.

      

      
        Spotted apex predator being pressured by spotted pack hunters -- and it's our fault
        Leopards, who are already in decline, can't keep up with hyenas when people are around. As we humans move into the their territories more and more, we are helping to disturb and unbalance ecosystems. This has been shown in a new study where researchers used camera traps to observe both large carnivore species.

      

      
        Near chromosome-level genome of the Mojave poppy bee
        Scientists have developed a near chromosome-level genome for the Mojave poppy bee, a specialist pollinator of conservation concern.

      

      
        Moving beyond the 80-year-old solar cell equation
        Physicists have made a significant breakthrough in solar cell technology by developing a new analytical model that improves the understanding and efficiency of thin-film photovoltaic (PV) devices.

      

      
        Research shows how RNA 'junk' controls our genes
        Researchers have made a significant advance in understanding how genes are controlled in living organisms. The new study focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans). The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

      

      
        An ant that selectively amputates the infected limbs of wounded sisters
        Saving lives through surgery is no longer exclusive to humans. Scientists now detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these 'treatments,' not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.

      

      
        Proteins and fats can drive insulin production for some, paving way for tailored nutrition
        When it comes to managing blood sugar levels, most people think about counting carbs. But new research shows that, for some, it may be just as important to consider the proteins and fats in their diet. The study is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids). The findings reveal that production of the blood sugar-regulating hormone is much more dynam...

      

      
        Melting of Alaskan glaciers accelerating faster than previously thought
        Melting of glaciers in a major Alaskan icefield has accelerated and could reach an irreversible tipping point earlier than previously thought. The research found that glacier loss on Juneau Icefield, which straddles the boundary between Alaska and British Columbia, Canada, has increased dramatically since 2010. The team looked at records going back to 1770 and identified three distinct periods in how icefield volume changed. In particular, they found that icefield-wide, rates of glacier area shri...

      

      
        Study illuminates cues algae use to 'listen' to their environment
        New research shows how a small group of single-celled algae are able to use chemical cues to communicate stress information. Understanding this ability, once thought unique to plants, helps illuminate the complex evolutionary history of plants and algae.

      

      
        Organic material from Mars reveals the likely origin of life's building blocks
        Two samples from Mars together deliver clear evidence of the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.

      

      
        Ocean acidification turns fish off coral reefs
        A new study of coral reefs in Papua New Guinea shows ocean acidification simplifies coral structure, making crucial habitat less appealing to certain fish species.

      

      
        Genetic patterns of world's farmed, domesticated foxes revealed via historical deep-dive
        Domesticated animals play a prominent role in our society, with two-thirds of American families enjoying the companionship of pets and many others relying on animal products for their nutritional needs. But the process of domestication remains a bit of a mystery.

      

      
        Dampening the 'seeds' of hurricanes
        Increased atmospheric moisture may alter critical weather patterns over Africa, making it more difficult for the predecessors of many Atlantic hurricanes to form, according to a new study.

      

      
        Shrinking glaciers: Microscopic fungi enhance soil carbon storage in new landscapes created by shrinking Arctic glaciers
        Shrinking glaciers expose new land in the Arctic, creating unique ecosystems. Researchers studied how microbes colonize these barren landscapes. The study reveals a crucial role for specific fungal species in capturing and storing carbon in the newly formed soil. These findings suggest fungi are essential for future carbon storage in the Arctic as glaciers continue to recede.

      

      
        AI-powered study explores under-studied female evolution
        Pioneering AI-powered research on butterflies has probed the under-studied evolution of females and adds to a debate between Charles Darwin and Alfred Russel Wallace.

      

      
        Layers of carbonate provide insight into the world of the ancient Romans
        Archaeologists face a major challenge when they intend to acquire information about buildings or facilities of which only ruins remain. This was a particular challenge for the remnants of the Roman water mills in Barbegal in Southern France, dating back to the 2nd century CE. This unique industrial complex consisted of 16 water wheels placed in parallel rows. Little could at first be deduced about the site from these now scant ruins -- except that the wheels were supplied by an aqueduct that brou...

      

      
        Researchers identify unique survival strategies adopted by fish in the world's warmest waters
        A team of researchers have identified unexpected ways coral reef fish living in the warmest waters on earth, in the Arabian Gulf, have adapted to survive extreme temperatures.

      

      
        Degradation of cell wall key in the spread of antibiotic resistance
        A study provides new clues in the understanding of how antibiotic resistance spreads. The study shows how an enzyme breaks down the bacteria's protective outer layer, the cell wall, and thus facilitates the transfer of genes for resistance to antibiotics.

      

      
        Researchers thwart resistant bacteria's strategy
        Bacteria are experts at evolving resistance to antibiotics. One resistance strategy is to cover their cell walls in sticky and gooey biofilm that antibiotics cannot penetrate. A new discovery could put a stop to this strategy.

      

      
        The evidence is mounting: humans were responsible for the extinction of large mammals
        Human hunting, not climate change, played a decisive role in the extinction of large mammals over the last 50,000 years. This conclusion comes from researchers who reviewed over 300 scientific articles from many different fields of research.

      

      
        Novel spectroscopy technique sheds light on NOx reduction
        The process that can convert pollution into benign by-products is called selective catalytic reduction, or SCR. Until now, it has been unclear how this reaction actually occurs, and contradictions have long existed between reaction models within the literature. Catalysis researchers used a technology called modulation excitation spectroscopy, or MES, to finally identify the correct pathway.

      

      
        Choose where to plant energy crops wisely to minimise loss of biodiversity
        In the fight to protect biodiversity and limit climate change, the world will reap what it sows.

      

      
        Everybody needs good neighbors: Resident quolls help newcomers settle in at Mulligans Flat
        GPS tracking collars have revealed how newly reintroduced eastern quolls are settling in at Mulligans Flat Woodland Sanctuary in Canberra, with quolls who were born at the sanctuary accepting their new neighbors with open paws.

      

      
        How researchers are using digital city-building games to shape the future
        Researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape. They say that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future. They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

      

      
        New findings may fix the replicability crisis in microbiome research
        Researchers have discovered another factor that affects the composition of the gut microbiome: time of day.

      

      
        Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread
        Scientists discovered the oldest fossil grapes in the Western Hemisphere, which help show how after the death of the dinosaurs, grapes spread across the world.

      

      
        Melanin from cuttlefish ink as a sustainable biomass resource
        Melanin is a ubiquitous compound in nature, produced by many organisms. However, its potential as a biomass resource to produce value-added chemicals and materials remains relatively unexplored. In a recent study, researchers investigated the chemical decomposition of melanin derived from cuttlefish ink and showcased its application in the synthesis of biopolymer films and particles. Their efforts will hopefully pave the way to the adoption of melanin upcycling.

      

      
        This desert moss has the potential to grow on Mars
        The desert moss Syntrichia caninervis is a promising candidate for Mars colonization thanks to its extreme ability to tolerate harsh conditions lethal to most life forms. The moss is well known for its ability to tolerate drought conditions, but researchers now report that it can also survive freezing temperatures as low as 196 C, high levels of gamma radiation, and simulated Martian conditions involving these three stressors combined. In all cases, prior dehydration seemed to help the plants cop...

      

      
        The beginnings of fashion
        A team of researchers suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.

      

      
        Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard
        Hydrothermal vents can be found around the world at the junctions of drifting tectonic plates. But there are many hydrothermal fields still to be discovered. During a 2022 expedition of the MARIA S. MERIAN, the first field of hydrothermal vents on the 500-kilometer-long Knipovich Ridge off the coast of Svalbard was discovered.

      

      
        Ecologists reconstruct the history of biodiversity in the Indo-Australian archipelago and its rise as a hotspot
        The Coral Triangle, also known as the Indo-Australian Archipelago, is renowned for having the greatest marine biodiversity on our planet. Despite its importance, the detailed evolutionary history of this biodiversity hotspot has remained largely a mystery. An international research team has now shed light on this history, reconstructing how biodiversity in the region has developed over the past 40 million years.

      

      
        Air pollution exposure during childhood linked directly to adult bronchitis symptoms
        A research team has shown that exposure to air pollution during childhood is directly associated with bronchitis symptoms as an adult. To date, many investigations have established air pollution exposure while young is consistently associated with lung problems during childhood -- and childhood lung problems are consistently associated with lung issues as an adult.
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Cool roofs are best at beating cities' heat | ScienceDaily
Painting roofs white or covering them with a reflective coating would be more effective at cooling cities like London than vegetation-covered "green roofs," street-level vegetation or solar panels, finds a new study led by UCL researchers.


						
Conversely, extensive use of air conditioning would warm the outside environment by as much as 1 degree C in London's dense city centre, the researchers found.

The research, published in Geophysical Research Letters, used a three-dimensional urban climate model of Greater London to test the thermal effects of different passive and active urban heat management systems, including painted "cool roofs," rooftop solar panels, green roofs, ground level tree vegetation and air conditioning during the two hottest days of the summer of 2018, the warmest on record.

It found that if adopted widely throughout London, cool roofs could reduce outdoor temperatures across the city on average about 1.2 degrees C, and up to 2 degrees C in some locations. Other systems, such as extensive street-level vegetation or solar panels would provide a smaller net cooling effect, only about 0.3 degrees C on average across London, though they offer other environmental benefits. Similarly, while green roofs offer benefits like water drainage and wildlife habitats, their net cooling effect on the city was found to be negligible on average.

Air conditioning, which transfers heat from within buildings to the outside, would warm the outdoor urban environment by about 0.15 degrees C for the city overall, but by as much as 1 degree C in dense central London. The researchers also found that the increase in the distribution of air con units in their model could be entirely powered by photovoltaic solar panels if they were similarly installed to their fullest extent.

To gauge the potential full effect of each method, the team modelled each one as though they had been as widely adopted as theoretically feasible across housing, commercial and industrial buildings throughout Greater London.

Lead author Dr Oscar Brousse (UCL Bartlett School Environment, Energy & Resources) said: "We comprehensively tested multiple methods that cities like London could use to adapt to and mitigate warming temperatures, and found that cool roofs were the best way to keep temperatures down during extremely hot summer days. Other methods had various important side benefits, but none were able to reduce outdoor urban heat to nearly the same level."

As the climate changes, residents within cities are particularly vulnerable to warming temperatures. Cities generally trap heat, inducing the Urban Heat Island effect that can lead to greater discomfort and mortality for residents during hot spells. Finding ways to adapt or mitigate these warming temperatures has become a high priority for city planners and designers, who have been exploring passive cooling methods like cool roofs, green roofs and expanded urban vegetation as well as active methods for building interiors like air con.




The study offered additional insights into urban heat management by comprehensively comparing several common passive and active heat mitigation actions.

By reflecting rather than absorbing heat, cool roofs have the dual benefit of not only cooling the outside urban environment but the inside of buildings as well.

Though on average the effect of green roofs was negligible, the researchers found that their effect on temperature varied significantly throughout the day. During the warmest times of day, the wide adoption of green roofs could lower urban temperatures by an average of 0.5 degrees C. However, this would be offset overnight as the thermal mass from the roofs would retain daytime heat, releasing when the sun was down and increasing night-time temperatures by about the same amount.

Converting city greenspaces from grass to deciduous tree cover would cool temperatures overnight but at best would have mixed net effects during the day. In addition, it would likely increase the amount of water vapour in the air, which would effectively increase the air humidity and could affect residents' thermal comfort.

The research was supported by Wellcome and NERC.
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Researchers capture never-before-seen view of gene transcription | ScienceDaily
Every living cell transcribes DNA into RNA. This process begins when an enzyme called RNA polymerase (RNAP) clamps onto DNA. Within a few hundred milliseconds, the DNA double helix unwinds to form a node known as the transcription bubble, so that one exposed DNA strand can be copied into a complementary RNA strand.


						
How RNAP accomplishes this feat is largely unknown. A snapshot of RNAP in the act of opening that bubble would provide a wealth of information, but the process happens too quickly for current technology to easily capture visualizations of these structures. Now, a new study in Nature Structural & Molecular Biology describes E. coli RNAP in the act of opening the transcription bubble.

The findings, captured within 500 milliseconds of RNAP mixing with DNA, shed light on fundamental mechanisms of transcription, and answer long-standing questions about the initiation mechanism and the importance of its various steps. "This is the first time anybody has been able to capture transient transcription complexes as they form in real time," says first author Ruth Saecker, a research specialist in Seth Darst's laboratory at Rockefeller. "Understanding this process is crucial, as it is a major regulatory step in gene expression."

An unprecedented view

Darst was the first to describe the structure of bacterial RNAP, and teasing out its finer points has remained a major focus of his lab. While decades of work have established that RNAP binding to a specific sequence of DNA triggers a series of steps that open the bubble, how RNAP separates the strands and positions one strand in its active site remains hotly debated.

Early work in the field suggested that bubble opening acts as a critical slowdown in the process, dictating how quickly RNAP can move onto RNA synthesis. Later results in the field challenged that view, and multiple theories emerged about the nature of this rate-limiting step. "We knew from other biological techniques that, when RNAP first encounters DNA, it makes a bunch of intermediate complexes that are highly regulated," says coauthor Andreas Mueller, a postdoctoral fellow in the lab. "But this part of the process can happen in less than a second, and we were unable to capture structures on such a short timescale."

To better understand these intermediate complexes, the team collaborated with colleagues at the New York Structural Biology Center, who developed a robotic, inkjet-based system that could rapidly prepare biological samples for cryo-electron microscopy analysis. Through this partnership, the team captured complexes forming in the first 100 to 500 milliseconds of RNAP meeting DNA, yielding images of four distinct intermediate complexes in enough detail to enable analysis.




For the first time, a clear picture of the structural changes and intermediates that form during the initial stages of RNA polymerase binding to DNA snapped into focus. "The technology was extremely important to this experiment," Saecker says. "Without the ability to mix DNA and RNAP quickly and capture an image of it in real-time, these results don't exist."

Getting into position

Upon examining these images, the team managed to outline a sequence of events showing how RNAP interacts with the DNA strands as they separate, at previously unseen levels of detail. As the DNA unwinds, RNAP gradually grips one of the DNA strands to prevent the double helix from coming back together. Each new interaction causes RNAP to change shape, enabling more protein-DNA connections to form. This includes pushing out one part of a protein that blocks DNA from entering RNAP's active site. A stable transcription bubble is thus formed.

The team proposes that the rate-limiting step in transcription may be the positioning of the DNA template strand within the active site of the RNAP enzyme. This step involves overcoming significant energy barriers and rearranging several components. Future research will aim to confirm this new hypothesis and explore other steps in transcription.

"We only looked at the very earliest steps in this study," Mueller says. "Next, we're hoping to look at other complexes, later time points, and additional steps in the transcription cycle."

Beyond resolving conflicting theories about how DNA strands are captured, these results highlight the value of the new method, which can capture molecular events happening within milliseconds in real-time. This technology will enable many more studies of this kind, helping scientists visualize dynamic interactions in biological systems.

"If we want to understand one of the most fundamental processes in life, something that all cells do, we need to understand how its progress and speed are regulated," says Darst. "Once we know that, we'll have a much clearer picture of how transcription begins."
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A breakthrough in inexpensive, clean, fast-charging batteries | ScienceDaily
UChicago Pritzker Molecular Engineering Prof. Y. Shirley Meng's Laboratory for Energy Storage and Conversion has created the world's first anode-free sodium solid-state battery.


						
With this research, the LESC -- a collaboration between the UChicago Pritzker School of Molecular Engineering and the University of California San Diego's Aiiso Yufeng Li Family Department of Chemical and Nano Engineering -- has brought the reality of inexpensive, fast-charging, high-capacity batteries for electric vehicles and grid storage closer than ever.

"Although there have been previous sodium, solid-state, and anode-free batteries, no one has been able to successfully combine these three ideas until now," said UC San Diego PhD candidate Grayson Deysher, first author of a new paper outlining the team's work.

The paper, published today in Nature Energy, demonstrates a new sodium battery architecture with stable cycling for several hundred cycles. By removing the anode and using inexpensive, abundant sodium instead of lithium, this new form of battery will be more affordable and environmentally friendly to produce. Through its innovative solid-state design, the battery also will be safe and powerful.

This work is both an advance in the science and a necessary step to fill the battery scaling gap needed to transition the world economy off of fossil fuels.

"To keep the United States running for one hour, we must produce one terawatt hour of energy," Meng said. "To accomplish our mission of decarbonizing our economy, we need several hundred terawatt hours of batteries. We need more batteries, and we need them fast."

Sustainability and sodium

The lithium commonly used for batteries isn't that common. It makes up about 20 parts per million of the Earth's crust, compared to sodium, which makes up 20,000 parts per million.




This scarcity, combined with the surge in demand for the lithium-ion batteries for laptops, phones and EVs, have sent prices skyrocketing, putting the needed batteries further out of reach.

Lithium deposits are also concentrated. The "Lithium Triangle" of Chile, Argentina and Bolivia holds more than 75% of the world's lithium supply, with other deposits in Australia, North Carolina and Nevada. This benefits some nations over others in the decarbonization needed to fight climate change.

"Global action requires working together to access critically important materials," Meng said.

Lithium extraction is also environmentally damaging, whether from the industrial acids used to break down mining ore or the more common brine extraction that pumps massive amounts of water to the surface to dry.

Sodium, common in ocean water and soda ash mining, is an inherently more environmentally friendly battery material. The LESC research has made it a powerful one as well.

Innovative architecture

To create a sodium battery with the energy density of a lithium battery, the team needed to invent a new sodium battery architecture.




Traditional batteries have an anode to store the ions while a battery is charging. While the battery is in use, the ions flow from the anode through an electrolyte to a current collector (cathode), powering devices and cars along the way.

Anode-free batteries remove the anode and store the ions on an electrochemical deposition of alkali metal directly on the current collector. This approach enables higher cell voltage, lower cell cost, and increased energy density, but brings its own challenges.

"In any anode-free battery there needs to be good contact between the electrolyte and the current collector," Deysher said. "This is typically very easy when using a liquid electrolyte, as the liquid can flow everywhere and wet every surface. A solid electrolyte cannot do this."

However, those liquid electrolytes create a buildup called solid electrolyte interphase while steadily consuming the active materials, reducing the battery's usefulness over time.

A solid that flows

The team took a novel, innovative approach to this problem. Rather than using an electrolyte that surrounds the current collector, they created a current collector that surrounds the electrolyte.

They created their current collector out of aluminum powder, a solid that can flow like a liquid.

During battery assembly the powder was densified under high pressure to form a solid current collector while maintaining a liquid-like contact with the electrolyte, enabling the low-cost and high-efficiency cycling that can push this game-changing technology forward.

"Sodium solid-state batteries are usually seen as a far-off-in-the-future technology, but we hope that this paper can invigorate more push into the sodium area by demonstrating that it can indeed work well, even better than the lithium version in some cases," Deysher said.

The ultimate goal? Meng envisions an energy future with a variety of clean, inexpensive battery options that store renewable energy, scaled to fit society's needs.

Meng and Deysher have filed a patent application for their work through UC San Diego's Office of Innovation and Commercialization.

Funding: Funding to support this work was provided by the National Science Foundation through the Partnerships for Innovation (PFI) grant no. 2044465
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New study on children and food: Fruit chunks in yogurt are a turn off for one age group in particular | ScienceDaily
If you feel like your six-year-old has suddenly gotten extra fussy about the texture of their dinner, don't worry. It will pass. A new study from the University of Copenhagen's Department of Food Science demonstrates that at the age of six, children prefer to avoid crunch in their peanut butter, berries in jam and pieces of fruit in yogurt,


						
In the study, the researchers asked 485 children between the ages of five and twelve to choose between six different foods with and without lumps, seeds and pieces of fruit in them. The foods were bread, orange juice, peanut butter, strawberry jam, yogurt and tomato soup. The researchers showed children drawings of these foods both with and without lumps, and then asked them to choose between them.

In 76 percent of the instances, six-year-olds opted for foods without lumps, the highest preference rate observed across the age groups.

"The fact that children in general are not happy with too many lumps in food is probably something many people can recognize, but this is the first time that a scientific study has linked a specific age group, namely six-year-olds, so clearly to this food preference," says Dr. Ching Yue Chow, first author of the study.

To get answers that were as precise as possible, the researchers have used real foods to test how consistent children were in answering these questions in other studies.

Protection against dangerous foods

According to Ching Yue Chow, there may be an explanation for why children's fear of complex texture in food peaks around the age of six.




"Food neophobia is often described as the reluctance to eat new or unfamiliar foods. It is thought to be a protective function to prevent children from eating potentially poisonous foods or other dangerous things when they start to become more independent. Studies have reported that food neophobia starts from a low baseline at weaning. It increases sharply as a child becomes more mobile and independent, reaching a peak at around 6 or 7 years old.

As such, it makes sense that this particular group in our study does not like too many lumps in food, as it is at this age that they are most cautious when it comes to food," explains Ching Yue Chow.

The researchers also examined whether chunk size in food has anything to say. But here, they found no unequivocal answer.

"It seemed that the children generally had no problem in distinguishing different sizes of chunks when foods were in their mouths. For them, it's mostly about the presence or absence of chunks," says Ching Yue Chow.

However, despite there being a low point in the desire to eat food with chunks at the age of six, it gradually goes the other way in 7-12-year-olds, the study shows. And this is supported by our previous knowledge in advance of how children's food preferences mature with age.

"As children reach school age, they may become more influenced by classmates and others within their circle to try new types of food and have more of a desire to expand their horizons. We can also see that the proportion that would like to have food with chunks in food grows in concert with their age in the study," says Ching Yue Chow.




New dishes may need to be introduced 8-15 times

And according to the researcher, the "anti-chunk phase" that 6-year-olds have, you have to accept as a parent, although it can be frustrating when the kids don't want to eat the food they're served. But that can easily change once they're past the critical age of six. You just have to keep trying -- often up to 15 times, the recommendation goes:

"A lot of research on children and foods shows that repeated exposures to new dishes have a positive effect on whether they'll bother eating them. Specifically, it is about giving children the opportunity to taste new food while there is something on the plate that they already know. Often they need to be presented with the new dish 8-15 times before they develop preference for it, but persistence pays off," explains Ching Yue Chow.

Furthermore, it' a good idea to avoid compulsions and rewards for children to eat their vegetables.

"Rewarding a child with an ice cream if they eat their broccoli, is a very short-term strategy. Because the moment you remove the ice cream, they don't want to eat the healthy foods. At the same time, you shouldn't pressure a child or try to force them to eat certain things, because you risk that they will eat the new food even less than before because they associate it with something negative," says Ching Yue Chow.

The new research results shed more light on the food preferences of children between the ages of five and twelve, which the researcher hopes can make parents and the food industry wiser about our relationships with food.

"It is important to understand the underlying psychology of children when you, as a parent, serve them food and when you as a company develop new products to avoid children becoming unnecessarily picky. Here, I hope that our study can serve as an inspiration to parents and those who develop new food products," concludes Ching Yue Chow.

The 6-year-olds like lumps in their food the least:

About the study:
    	The research was carried out in a close collaboration between Future Consumer Lab, Department of Food Science, University of Copenhagen and the CASS Food Research Centre at Deakin University, Australia.
    	The researchers behind the study are: Ching Yue Chow, Anne C. Bech, Annemarie Olsen, Russell Keast, Catherine G. Russell and Wender L.P. Bredie.
    	The study involved 485 Australian children aged 5-12 years.
    	The study is funded by Innovation Fund Denmark and Arla Foods.
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Pasteurization inactivates highly infectious avian flu in milk, study suggests | ScienceDaily
In March 2024, dairy cows in Texas were found to be infected with highly pathogenic avian flu, or H5N1 bird flu, in the first known case of the virus spreading to cattle. Since then, H5N1 has been found in about 200 animals -- and 3 people -- across 12 states, according to the Centers for Disease Control and Prevention. The virus was soon detected in raw milk, leading researchers to investigate whether dairy products pose a risk to consumers.


						
"How far is the virus getting through?" asked Erica Spackman, Ph.D., a virologist at the U.S. Department of Agriculture (USDA) in Athens, Ga. To find out, she and her collaborators tested nearly 300 milk products from 132 processors.

The researchers found no infectious virus in the samples, Spackman and her collaborators report this week in the Journal of Virology, a journal of the American Society for Microbiology. "Milk is safe," she said. "Just like bacterial pathogens that occur in milk, or other viruses that could occur in milk, the sanitation processes that are in place are getting rid of the pathogens."

The milk processing pipeline includes multiple layers of protection, Spackman said. Microbiological surveillance of milk products can identify pathogens, and milk from cows with mastitis or other disease conditions does not enter the food supply. Finally, heating during the pasteurization process can destroy H5N1 and other, more common bacterial pathogens.

Bird flu primarily infects and spreads among migratory birds and can be transmitted to domestic poultry, but the virus has been detected in other animals as well. Recently, those have included cats, dogs and juvenile goats, as well as a polar bear in Alaska and elephant and fur seals in the Antarctic. However, the discovery of H5N1 on dairy farms in March was a surprise -- the virus had never been found in dairy cattle before.

Soon after the discovery, diagnostic testing revealed that an infectious form of the virus was present in raw milk, suggesting the virus passes from cow to milk. That finding led the U.S. Food and Drug Administration and the USDA to investigate whether pasteurization effectively eliminated risks posed to consumers. Between April 18 and April 22, 2024, researchers used real-time PCR to analyze 297 samples of pasteurized retail milk products, including 23 types of products, collected from 17 states.

"We did a viability assay to detect live virus and went as sensitive as we could to get even the least little bit of virus, but couldn't detect anything," Spackman said. Using PCR, the researchers did identify viral genetic material in 20% of samples. "It looks like the virus is just totally inactivated," she said.

Spackman said the new findings "give us reassurance that what we have been doing -- pasteurization -- is keeping us safe from what we don't know about."
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Mechanism of bio-inspired control of liquid flow | ScienceDaily
The more we discover about the natural world, the more we find that nature is the greatest engineer. Past research believed that liquids can only be transported in fixed direction on species with specific liquid communication properties and cannot switch the transport direction. Recently, The Hong Kong Polytechnic University (PolyU) researchers have shown that an African plant controls water movement in a previously unknown way -- and this could inspire breakthroughs in a range of technologies in fluid dynamics and nature-inspired materials, including applications that require multistep and repeated reactions, such as microassays, medical diagnosis and solar desalination etc. The study has been recently published in the international academic journal Science.


						
Liquid transport is an unsung miracle of nature. Tall trees, for example, have to lift huge amounts of water every day from their roots to their highest leaves, which they accomplish in perfect silence. Some lizards and plants channel water through capillaries. In the desert, where making the most of scarce moisture is vital, some beetles can capture fog-borne water and direct it along their backs using a chemical gradient.

Scientists have long sought to hone humankind's ability to move liquids directionally. Applications as diverse as microfluidics, water harvesting, and heat transfer depend on the efficient directional transport of water, or other fluids, at small or large scales. While the above species provide nature-based inspiration, they are limited to moving liquids in a single direction. A research team led by Prof. WANG Liqiu, Otto Poon Charitable Foundation Professor in Smart and Sustainable Energy, Chair Professor of Thermal-Fluid and Energy Engineering, Department of Mechanical Engineering of PolyU, has discovered that the succulent plant Crassula muscosa, native to Namibia and South Africa, can transport liquid in selected directions.

Together with colleagues from the University of Hong Kong and Shandong University, the PolyU researchers noticed that when two separate shoots of the plant were infused with the same liquids, the liquids were transported in opposite directions. In one case, the liquid travelled exclusively towards the tip, whereas the other shoot directed the flow straight to the plant root. Given the arid but foggy conditions in which C. muscosa lives, the ability to trap water and transport it in selected directions is a lifeline for the plant.

As the shoots were held horizontally, gravity can be ruled out as the cause of the selective direction of transport. Instead, the plant's special properties stem from the tiny leaves packed onto its shoots. Also known as "fins," they have a unique profile, with a swept-back body (resembling a shark's fin) tapering to a narrow ending that points to the tip of the plant. The asymmetry of this shape is the secret to C. muscosa's selective directional liquid transport. It all has to do with manipulating the meniscus -- the curved surface on top of a liquid.

Specifically, the key lies in subtle differences between the fin shapes on different shoots. When the rows of fins bend sharply towards the tip, the liquid on the shoot also flows in that direction. However, on a shoot whose fins -- although still pointing at the tip -- have a more upward profile, the direction of movement is instead to the root. The flow direction depends on the angles between the shoot body and the two sides of the fin, as these control the forces exerted on droplets by the meniscus -- blocking flow in one direction and sending it in the other.

Armed with this understanding of how the plant directs liquid flow, the team created an artificial mimic. Dubbed CMIAs, for 'C. muscosa-inspired arrays', these 3D-printed fins act like the tilted leaves of C. muscosa, controlling the orientation of liquid flow. Cleverly, while the fins on a natural plant shoot are immobile, the use of a magnetic material for artificial CMIAs allows them to be reoriented at will. Simply by applying a magnetic field, the liquid flow through a CMIA can be reversed. This opens up the possibility of liquid transport along dynamically changing paths in industrial and laboratory settings. Alternatively, flow could be redirected by changing the spacing between fins.

Numerous areas of technology stand to benefit from CMIAs. Prof. Wang said, "There are foresee applications of real-time directional control of fluid flow in microfluidics, chemical synthesis, and biomedical diagnostics. The biology-mimicking CMIA design could also be used not just for transporting liquids but for mixing them, for example in a T-shaped valve. The method is suited to a range of chemicals and overcomes the heating problem found in some other microfluidic technologies."
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Early-onset El Nino means warmer winters in East Asia, and vice versa | ScienceDaily
The phenomenon known as El Nino can cause abnormal and extreme climate around the world due to it dramatically altering the normal flow of the atmosphere. In Japan, historical data has shown that El Nino years tend to lead to warmer winters. This case was exemplified recently with Japan's warm 2023-2024 winter season. However, there have also been cases of cold winters in Japan during El Nino years, such as the one recorded in 2014-2015. Yet, it was unclear as to why this was occurring.


						
Publishing in the Journal of Climate, researchers from Kyushu University's Research Institute for Applied Mechanics have found that the early onset of El Nino around June leads to warm winter climates in East Asia, while the late onset of El Nino is associated with colder winters. The team hopes that their results can help better model winter climate patterns in East Asia during El Nino years, and lead to more accurate long-term climate predictions.

El Nino is a climate pattern characterized by the warming of the tropical eastern Pacific Ocean caused by the weakening of equatorial trade winds that blow from the western coast of South America to the Philippines and Indonesia. In regular years, these trade winds would push the ocean's warmer waters westward leading to cooler waters rising in the east. These warmer western waters drive atmospheric convection generating clouds and rain.

"Each El Nino is individually unique, and no two El Ninos are exactly alike," explains Post-doctoral Fellow Masahiro Shiozaki who authored the study. "Naturally, these differences lead to a variety of abnormal global climate patterns. To better predict regional weather and climate during El Nino, it is important to know how and where the atmosphere changes."

Shiozaki highlighted a case in Japan during the winter of 2023-2024. This was an El Nino year, and in Japan that tends to mean a warmer winter. And in fact, the winter of 2023-2024 was inordinately warm. However, this was not always the case. In the El Nino year of 2014-2015, Japan's winter was colder than average.

"Japanese winters are also influenced by the Arctic as well as strong natural variability inherent to the atmosphere. Because of these various effects, it has been challenging to identify how El Nino determines warm or cold winters in East Asia," continues Shiozaki. "To address this issue, we simulated the weather patterns of the past 61 years in 100 different ways by adding perturbations to the weather patterns. In this simulation, 1700 El Nino events occurred, and we calculated how the atmosphere changed each time. This method allowed us to reduce any atmospheric noise in the data, giving us a clearer view of El Nino's direct impact."

The team's analysis found that it was not only El Nino, but also an anomalous warming of the tropical Indian Ocean that led to warmer East Asian winters. The early onset of El Nino around June effectively warmed the Indian Ocean from summer to winter. This ocean warming suppressed atmospheric convection over the tropical western Pacific, resulting in less rainfall and atmospheric heating.

"The resulting reduction in atmospheric heating excited atmospheric waves that propagated into the western North Pacific, forming an anomalous anticyclonic circulation southeast of Japan," Shiozaki explains. "Anomalous south-easterly winds from this circulation pattern weakened the northwesterly winter monsoon from the continent, leading to the warm winter climate in East Asia. On the other hand, cold Japanese winters are associated with a late onset of El Nino and no significant warming of the Indian Ocean."

The team hopes their new findings will be utilized by researchers and meteorologists to better predict climate patterns months in advance, especially during active El Nino phases.

"The influence of global warming is clear in the recent trend of warmer winters worldwide. The effects of rising water temperatures are especially evident in the Indian Ocean," concludes Professor Hiroki Tokinaga who led the research team. "Further research is needed to determine how global warming and other tropical climate phenomena will change future winters in East Asia."
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Blue and great tits deploy surprisingly powerful memories to find food | ScienceDaily
Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging.


						
The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

Episodic memory is a memory system involving the conscious recollection of personally experienced events. Many psychologists believe that episodic memory is uniquely human but a growing body of evidence suggests that many non-human animals possess episodic-like memory.

Published today in Current Biology, the study by researchers from the University of Cambridge and the University of East Anglia enabled 94 wild, free-living blue and great tits to take part in a series of memory tasks. These tasks involved automated food containers and a new software program that created unique experiences for individual birds, and tracked each bird's behaviour after they formed a memory.

The birds had previously been fitted with unique radio frequency tracking tags on their legs so that when they landed on the feeder's special perch, this read their tag, and custom-built programs released (or did not release) food through an electronic door, according to experimental rules with unique timed events specific to each individual bird.

The experiment focused on blue tits and great tits partly because they are opportunistic foragers feeding on a wide range of food types, and may benefit from being able to recall ecological details from a single experience as this would permit flexible decision-making.

"These findings provide the first evidence for episodic-like memory in the wild and show that blue and great tits have a more flexible memory system than we used to assume," said first author James Davies, from the University of Cambridge's Comparative Cognition Lab.




"Previous studies on episodic-like memory have involved bigger-brained bird species, corvids, which hide food. This study focuses on smaller brained more generalist birds that don't hide their food. Our findings suggest these birds are more intelligent than they've been given credit for."

Senior author Dr Gabrielle Davidson from the University of East Anglia said: "The birds were behaving naturally in a familiar environment, so we captured something more realistic than if the birds had been captive. It was remarkable to see these birds performed well in our memory tasks while also experiencing a bunch of other memories out in the wild.

"For us, field research is challenging because the birds are completely free not to take part in our experiments and just fly away, but we've shown this type of intelligence test in the wild works."

Nicola Clayton, Professor of Comparative Cognition at the University of Cambridge, an author of the study and James Davies' PhD supervisor, said:

"It is fascinating that these non-caching species of birds showed episodic-like memory using two independent tests. When I began this research in the late 1990s, most psychologists assumed that the ability to remember the 'what, where and when' of unique past events was uniquely human. The initial findings in scrub-jays showed that this was not the case. Subsequent research suggests that this ability is much more widespread in the animal kingdom than we previously thought."

The researchers suggest that having a more flexible memory could help these birds cope with further environmental stress and fluctuation influenced by climate change.




James Davies said: "This type of memory would allow them to flexibly react to new conditions and combine this information with their original memory to make decisions. So whether they're thinking about fruit ripening or caterpillars emerging, that's a powerful ability to have when things get tough."

The study also might suggest that humans leaving out food for garden birds could be one factor contributing to the evolution of these memory traits, just as these birds have evolved beak adaptations in response to increased reliance on garden feeders.

Dr Gabrielle Davidson said: "It is possible that these birds are picking up on and remembering our routines in terms of when we top up bird feeders. This needs further study."

The tests

To assess 'what-where-when' memory, the researchers adapted an existing study design -- developed by Nicola Clayton and Anthony Dickinson -- to simulate a realistic foraging scenario in which two food items -- sunflower seeds and peanut pieces -- ran out and replenished at different rates. The foods were selected having already proven that great and blue tits prefer sunflower seeds to peanut pieces.

The birds were given time to learn the 'temporal feeder' rules before the tests began. When an individual was first detected on the 'preferred' sunflower seed feeder, this triggered a 2-hour period of availability to that bird. After that point, a 'replenish period' began and the feeder door remained closed to that individual until the following day.

To pass the memory test, birds have to remember the details of this experience and apply it to new situations. This means that when they come back to the feeders 2 hours later, they should remember they had already eaten their favourite food, and that only their less preferred food is currently available.

This research shows great tits and blue tits make this switch, without having to check if their favourite food is available. This switch in behaviour, based on previous experience, is what indicates these birds use episodic-like memory -- comparable to studies involving captive rodents, dogs, corvids, cephalopods and non-human primates.

Only a bird's first choice after each interval was counted to ensure that their critical choice regarding which feeder to visit was based on a memory of their first visit of the day, rather than a reaction to a non-rewarding feeder (i.e., a win-stay/lose-shift strategy).

An advantage for juvenile birds

In a different task, the researchers tested birds on their ability to recall 'incidental details' of feeders to locate food.

In a 'where' test, the feeders were arranged in a triangle and in a straight line. In the 'which' test, each feeder was painted a different colour (yellow, red or blue) or pattern (black stripes, wavy lines, or spots on a white background).

While most birds passed the 'where' test, in the 'which' test only the juveniles recalled visual clues to help them access food.

James Davies said: "We didn't expect that finding. We already know juvenile blue tits and great tits have to be more innovative in their foraging because adults outcompete them and monopolise food, which may help to explain our own findings. As blue tits and great tits gain experience, perhaps they start to rely less on visual information and more on spatial information."

Professor Clayton said: "The next step is to test whether individual birds that are better at using their episodic-like memory have enhanced reproductive success, in which case we would expect that memory system to evolve in response to more challenging environmental conditions."

Funding

The study received financial support from the University of Cambridge.

Dr Gabrielle Davidson was funded by an Isaac Newton Trust and Leverhulme Early Career Fellowship (ECF-2018-700).
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Giant salamander-like creature was a top predator in the ice age before the dinosaurs | ScienceDaily
Forty million years before the first dinosaurs evolved, a ferocious predator lurked in swampy waters. Its skull alone was over two feet long. It lay in wait, its jaws open wide, preparing to clamp down its interlocking jaws on any prey unwise enough to swim past. Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. Scientists described the newly-discovered fossil in a paper in the journal Nature.


						
"Gaiasia jennyae was considerably larger than a person, and it probably hung out near the bottom of swamps and lakes. It's got a big, flat, toilet seat-shaped head, which allows it to open its mouth and suck in prey. It has these huge fangs, the whole front of the mouth is just giant teeth," says Jason Pardo, an NSF postdoctoral fellow at the Field Museum in Chicago and the co-lead author of the Nature study. "It's a big predator, but potentially also a relatively slow ambush predator."

The fossil is named for the Gai-as Formation in Namibia where it was found, and for Jenny Clack, a paleontologist who specialized in the evolution of early tetrapods -- the four-limbed vertebrates that evolved from lobe-finned fishes and gave rise to amphibians, reptiles, birds, and mammals.

Pardo's co-lead author, Claudia Marsicano of the University of Buenos Aires and her colleagues found the fossil. "When we found this enormous specimen just lying on the outcrop as a giant concretion, it was really shocking. I knew just from seeing it that it was something completely different. We were all very excited," said Marsicano. "After examining the skull, the structure of the front of the skull caught my attention. It was the only clearly visible part at that time, and it showed very unusually interlocking large fangs, creating a unique bite for early tetrapods."

The team unearthed several specimens, including one with a well-preserved, articulated skull and spine. "We had some really fantastic material, including a complete skull, that we could then use to compare with other animals from this age and get a sense of what this animal was and what makes it unique," says Pardo. It turns out, there's a lot about the creature that makes it special.

While today, Namibia is just north of South Africa, it was even further south 300 million years ago. It was near the 60th parallel, almost even with the northernmost point of Antarctica today. And at that time, the Earth was nearing the end of an ice age. The swampy land near the equator was drying up and becoming more forested, but closer to the poles, the swamps remained, potentially alongside patches of ice and glaciers.

In the warmer, drier parts of the world, animals were evolving to new forms. Early four-legged vertebrates, called stem tetrapods, branched out and split into lineages that would one day become mammals, reptiles, and amphibians. But on the fringes, in places like what's now Namibia, more ancient forms remained.

"Gaiasia is a stem tetrapod -- it's a holdover from that earlier group, before they evolved and split into the groups that would become mammals and birds and reptiles and amphibians, which are called crown tetrapods," says Pardo. "It's really, really surprising that Gaiasia is so archaic. It was related to organisms that went extinct probably 40 million years prior."

What's more, for an oddball holdover from an even more ancient time, Gaiasia seemed to be doing pretty well for itself. "There are some other more archaic animals still hanging on 300 million years ago, but they were rare, they were small, and they were doing their own thing," says Pardo. "Gaiasia is big, and it is abundant, and it seems to be the primary predator in its ecosystem."

And while Gaiasia jennyae is just one species, it yields big-picture information for paleontologists studying how the world was changing during the Permian period. "It tells us that what was happening in the far south was very different from what was happening at the Equator. And that's really important because there were a lot of groups of animals that appeared at this time that we don't really know where they came from," says Pardo. "The fact that we found Gaiasia in the far south tells us that there was a flourishing ecosystem that could support these very large predators. The more we look, we might find more answers about these major animal groups that we care about, like the ancestors of mammals and modern reptiles."
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Extinct humans survived on the Tibetan plateau for 160,000 years | ScienceDaily
Bone remains found in a Tibetan cave 3,280 m above sea level indicate an ancient group of humans survived here for many millennia, according to a new study published in Nature.


						
The Denisovans are an extinct species of ancient human that lived at the same time and in the same places as Neanderthals and Homo sapiens. Only a handful Denisovan remains have ever been discovered by archaeologists. Little is known about the group, including when they became extinct, but evidence exists to suggest they interbred with both Neanderthals and Homo sapiens.

A research team led by Lanzhou University, China, the University of Copenhagen, Denmark, the Institute of Tibetan Plateau Research, CAS, China, and involving the University of Reading studied more than 2,500 bones from the Baishiya Karst Cave on the high-altitude Tibetan Plateau, one of the only two places where Denisovans are known to have lived.

Their new analysis, published today (Wednesday, 3 July) in Nature, has identified a new Denisovan fossil and shed light on the species' ability to survive in fluctuating climatic conditions -- including the ice age -- on the Tibetan plateau from around 200,000 to 40,000 years ago.

Dr Geoff Smith, a zooarchaeologist at the University of Reading, is a co-author of the study. He said: "We were able to identify that Denisovans hunted, butchered and ate a range of animal species. Our study reveals new information about the behaviour and adaptation of Denisovans both to high altitude conditions and shifting climates. We are only just beginning to understand the behaviour of this extraordinary human species."

Dietary diversity 

Bone remains from Baishya Karst Cave were broken into numerous fragments preventing identification. The team used a novel scientific method that exploits differences in bone collagen between animals to determine which species the bone remains came from.




Dr Huan Xia, of Lanzhou University, said: "Zooarchaeology by Mass Spectrometry (ZooMS) allows us to extract valuable information from often overlooked bone fragments, providing deeper insight into human activities."

The research team determined that most of the bones were from blue sheep, known as the bharal, as well as wild yaks, equids, the extinct woolly rhino, and the spotted hyena. The researchers also identified bone fragments from small mammals, such as marmots, and birds.

Dr Jian Wang, of Lanzhou University, said: "Current evidence suggests that it was Denisovans, not any other human groups, who occupied the cave and made efficient use of all the animal resources available to them throughout their occupation."

Detailed analysis of the fragmented bone surfaces shows the Denisovans removed meat and bone marrow from the bones, but also indicate the humans used them as raw material to produce tools.

A new Denisovan fossil 

The scientists also identified one rib bone as belonging to a new Denisovan individual. The layer where the rib was found was dated to between 48,000 and 32,000 years ago, implying that this Denisovan individual lived at a time when modern humans were dispersing across the Eurasian continent. The results indicate that Denisovans lived through two cold periods, but also during a warmer interglacial period between the Middle and Late Pleistocene eras.

Dr Frido Welker, of the University of Copenhagen, said: "Together, the fossil and molecular evidence indicates that Ganjia Basin, where Baishiya Karst Cave is located, provided a relatively stable environment for Denisovans, despite its high-altitude.

"The question now arises when and why these Denisovans on the Tibetan Plateau went extinct."
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Mighty floods of the Nile River during warmer and wetter climates | ScienceDaily
Global warming as well as recent droughts and floods threaten large populations along the Nile Valley. Understanding how such a large river will respond to an invigorated hydrological cycle is therefore a pressing issue. Insights can be gained by studying past periods with wetter and warmer conditions, such as the North African Humid Period eleven to six thousand years ago. A research team of the German Research Centre for Geosciences GFZ, led by Cecile Blanchet, together with colleagues at the University of Innsbruck (Austria) and the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (Germany) analysed a 1,500 year long annually-laminated sediment core. The study was published today in Nature Geoscience.


						
It reveals that wetter climates led to very strong and weak floods and a highly instable river system, which may have rendered the Nile valley uninhabitable. Although intensified, flood variability was paced by similar climatic forcing as today, operating on annual -- like El Nino -- to multi-decadal timescales. This suggests that the occurrence of such extreme events might be predictable helping to reduce risks for local populations.

Background: Nile River floods and climate change

The iconic floods of the Nile River are often associated to the development of irrigation and agriculture in pharaonic Egypt. Today, seasonal rainfall and flooding remain crucial to sustain large populations in the Nile Valley, from the Equator to the Mediterranean coast.

Climate models predict a large increase in monsoonal rainfall in this region due to global warming for all climatic scenarios. Recent episodes of droughts and flooding in Ethiopia, Sudan and Egypt have raised concerns about an increase in rainfall variability leading to such geohazards. Being one of the most densely populated area on Earth, it is critical to design reliable forecasting tools and plan adequate infrastructure based on informed-knowledge and process understanding of rainfall and flood changes.

To tackle these issues, it is important to understand how large river systems will respond to enhanced rainfall. Insights can be gained from studying past time intervals that were known to be wetter and warmer than the present. A well-known example is the North African Humid Period during the Early Holocene, about 11 to 6 thousand years ago, characterised by a large increase in rainfall in northeastern Africa.

Unique sediment core provides annual inside into ancient Nile River floods

To access these ancient times, Cecile Blanchet and colleagues of the German Research Centre for Geosciences GFZ, together with Arne Ramisch (University of Innsbruck) and Monica Ionita (Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, AWI) have analysed a unique sediment core collected right off the Nile mouth that recorded past floods. These seasonal floods brought varying amounts of fluvial particulate matter offshore, which were preserved as fine laminations. The core was taken in 2008 and dated back to the North African Humid Period.




"Relics of such geological times provide researchers a natural laboratory to test and improve predictions from climate models," explains Cecile Blanchet. "This type of layered sediment is often found in lakes, and the GFZ is internationally known for having the technical and scientific expertise to analyse them. This one is unique because these are marine sediments recording past Nile floods at an annual resolution. So, I decided to come to the GFZ and set to explore this beautiful record."

Sediment core analysis

Analysis of the cores comprised looking at the layers, counting and measuring them under the microscope -- part of which was also done at home during the Covid-lockdowns. The chronology was constrained using a combination of annual layer counting and radiocarbon dating of fossil plankton buried in the layers.

Blanchet quickly realised that the thickness of the flood layers was varying drastically in time spans of 30-40 years, from being very small (0,3 mm) to being very thick (10 mm).

"It may sound not so much, but several millimetres deposited offshore is enormous," says Blanchet. "However, we know that large rivers are complicated systems, which may retain or release sediments independently of the discharge, that is the amount of water in the river. So, it is not always possible to relate the volume of sediments transported, expressed in our record as the thickness of the layers, to the size of the flood. But we noticed as well that the size of the particles increased in thicker layers, which means that the thickness of the layers is a reliable indicator of the strength of past floods."

From her observations, Blanchet concluded that the North African Humid Period was characterised by the occurrence of extremely strong and variable Nile floods. Especially between 9,200 and 8,600 years ago, the dominance of thick flood layers depicts a period of strong erosional activity and the deposition of large amounts of particulate matter offshore, about two to three times as much as in the later years.




Influence of the El Nino climate oscillation

Joining forces with statisticians and modellers at the GFZ and the AWI allowed the team not only to determine the effects but also the drivers of flood variability. Using modelling of past sea-level changes done at GFZ, the researchers could exclude that any of these effects was driven by sea-level changes rather than the fluvial activity of the Nile.

Analysing the data with statistical methods revealed several characteristic oscillations: on a shorter timescale with periodicities of 2-7 years, and on a longer time scale of several decades. This suggests that the floods were modulated by the El Nino Southern Oscillation (ENSO) on multi-annual timescales and a yet unidentified driver on multi-decadal timescales.

"ENSO originates in the Pacific region and is transmitted to other parts of the World by atmospheric teleconnections," said co-author Monica Ionita from the AWI. "It was fascinating to see that we could find this variability both in the model and in the data."

Comparison with Nilometer flood data from the past 2000 years

The researchers compared their flood-record data from the time between 9,470 and 7,940 years before present, with data from the ancient Egyptians, recorded between 622 and 1922 CE, especially with regard to the oscillations:

"The fact that ancient Egyptians measured the level of the Nile River in special buildings called 'Nilometers' -- see picture 2 -- year after year is really fascinating and they have offered us a unique record of past Nile floods in the last 2,000 years," said co-author Arne Ramisch, previously at GFZ and now at the University of Innsbruck. "The resolution and length of both records being similar, we could apply similar statistical tools and derive the main temporal variabilities. It showed us that the drivers remain quite similar even though the climatic conditions were different."

This comparison shows that similar climate drivers can have very different effects, namely a much higher amplitude of flood magnitude under wetter and warmer climates. This is one of the main findings of the study. And it has important implications for building reliable tools to forecast and reduce flood risks.

"I am sure that our findings will have direct applications and we are already working on providing constraints on flood magnitude based on the record we have. This is not trivial but with the help of modellers and geomorphologists, I am confident that we will tackle this new challenge," concludes Cecile Blanchet.

Funding: The work of Cecile Blanchet has been supported through the reintegration grant "Annual Nile floods during the African Humid Period" by the GFZ Potsdam.
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Giant clams may hold the answers to making solar energy more efficient | ScienceDaily
In a new study, Yale researcher Alison Sweeney found that giant clams in the Western Pacific may be the most efficient solar energy system on the planet.


						
Solar panel and biorefinery designers could learn a thing or two from iridescent giant clams living near tropical coral reefs, according to a new Yale-led study.

This is because giant clams have precise geometries -- dynamic, vertical columns of photosynthetic receptors covered by a thin, light-scattering layer -- that may just make them the most efficient solar energy systems on Earth.

"It's counter-intuitive to a lot of people, because clams operate in intense sunlight, but actually they're really dark on the inside," said Alison Sweeney, associate professor of physics and of ecology and evolutionary biology in Yale's Faculty of Arts and Sciences. "The truth is that clams are more efficient at solar energy conversion than any existing solar panel technology."

In the new study, published in the journal PRX: Energy, a research team led by Sweeney presents an analytical model for determining the maximum efficiency of photosynthetic systems based on the geometry, movement, and light-scattering characteristics of giant clams. It is the latest in a series of research studies from Sweeney's lab that highlight biological mechanisms from the natural world that could inspire new sustainable materials and designs.

In this case, the researchers looked specifically at the impressive solar energy potential of iridescent giant clams in the shallow waters of Palau in the Western Pacific.

The clams are photosymbiotic, with vertical cylinders of single-celled algae growing on their surface. The algae absorb sunlight -- after the light has been scattered by a layer of cells called iridocytes.




Both the geometry of the algae and the light scattering of the iridocytes are important, the researchers say. The algae's arrangement in vertical columns -- which makes them parallel to the incoming light -- enables the algae to absorb sunlight at the most efficient rate. This is because the sunlight has been filtered and scattered by the layer of iridocytes, and the light then wraps uniformly around each vertical algae cylinder.

Based on the giant clams' geometry, Sweeney and her colleagues developed a model to calculate quantum efficiency -- the ability to convert photons into electrons. The researchers also factored in fluctuations in sunlight, based on a typical day in the tropics with a sunrise, midday sun intensity, and sunset. The quantum efficiency was 42%.

But then the researchers added a new wrinkle: the way giant clams stretch themselves in reaction to changes in sunlight. "Clams like to move and groove throughout the day," Sweeney said. "This stretching moves the vertical columns farther apart, effectively making them shorter and wider."

With this new information, the clam model's quantum efficiency jumped to 67%. By comparison, Sweeney said, a green leaf system's quantum efficiency in a tropical environment is only about 14%.

An intriguing comparison, according to the study, would be northern spruce forests. The researchers said boreal spruce forests, surrounded by fluctuating layers of fog and clouds, share similar geometries and light-scattering mechanisms with giant clams, but on a much larger scale. And their quantum efficiency is nearly identical.

"One lesson from this is how important it is to consider biodiversity, writ large," Sweeney said. "My colleagues and I continue to brainstorm about where else on Earth this level of solar efficiency might happen. It is also important to recognize we can only study biodiversity in places where it is maintained."

She added: "We owe a major debt to Palauans, who put vital cultural value on their clams and reefs and work to keep them in pristine health."




Such examples may offer inspiration and insights for more efficient sustainable energy technology.

"One could envision a new generation of solar panels that grow algae, or inexpensive plastic solar panels that are made out of a stretchy material," Sweeney said.

The study's first author is Amanda Holt, an associate research scientist in Sweeney's lab. The study's co-author is Lincoln Rehm, a Palauan-American and former graduate student at Drexel University and researcher at the Palau International Coral Reef Center, who is now at the National Oceanography and Atmospheric Administration.

The research was funded by a Packard Foundation fellowship and the National Science Foundation.
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Advancing toward a preventative HIV vaccine | ScienceDaily
A major challenge in developing a vaccine for HIV is that the virus mutates fast -- very fast. Although a person initially becomes infected with one or a few HIV strains, the virus replicates and mutates quickly, resulting in a "swarm" of viral strains existing in a single body. But scientists at Scripps Research; IAVI; the Ragon Institute of Mass General, MIT, and Harvard; La Jolla Institute for Immunology; and additional institutions have conducted a series of preclinical trials indicating that they're potentially closer to an immunization regimen than ever before -- one that could produce rare antibodies that would be effective against a wide range of HIV strains.


						
Published in Science, Science Immunology, and Science Translation Medicine on May 16, 2024, the findings are outlined in four individual papers and build on a 2022 phase I clinical trial conducted by the nonprofit scientific research organization IAVI. The findings represent a key step forward in an immunization strategy that could protect against the virus.

"All in all, these studies show that we have a good chance at creating an effective HIV vaccine -- we just need to keep iterating and build on these findings in future clinical trials," says co-senior author of all four studies, William Schief, PhD, who is also a Scripps Research professor; vice president for antigen design and selection, Infectious Disease Research, at Moderna, Inc.; and executive director of vaccine design at IAVI's Neutralizing Antibody Center.

The HIV vaccine strategy involves stimulating the body to produce mature broadly neutralizing antibodies (bnAbs). bnAbs are among the immune system's key players in fighting HIV, since they can block many variants of the virus. The problem is that bnAbs produced by the human body are rare. The IAVI trial, spearheaded in part by Schief, focused on inducing the immune cells that could eventually evolve into the right bnAbs -- ones that could protect host cells from multiple HIV strains. These precursor immune cells, known as B cells, were stimulated with the help of a priming immunogen -- a customized molecule to "prime" the immune system and elicit responses from the correct precursor cells.

But the primer also requires additional "booster" immunogens to coax the immune system into producing not just precursor cells, but coveted VRC01-class bnAbs -- a rare and specific class of antibodies known to neutralize more than 90 percent of diverse HIV strains. Boosters are also needed for the production of BG18 -- another important bnAb class that binds to sugars on the HIV spike protein. That's where the new studies come in: Researchers developed immunization regimens that could prime either VRC01 or BG18 precursors, and subsequently boost those precursors further down the path toward becoming bnAbs.

"The results contained in these papers are deeply exciting and further support the germline-targeting strategy to HIV vaccine development that IAVI and our partners are pursuing," says Mark Feinberg, MD, PhD, president and CEO of IAVI. "We look forward to continuing our collaboration with Scripps Research and partners to advance further research building on these promising findings."

This groundbreaking science is enabled by collaboration between scientific institutions and funding partners. Without the ongoing, critical support of the Scripps Consortium for HIV/AIDS Vaccine Development (CHAVD), the Collaboration for AIDS Vaccine Discovery (CAVD), the Bill & Melinda Gates Foundation, and Moderna (the manufacturer of the mRNA used in these studies), this research would not have been possible.




Priming rare antibodies

In the first study, which focused on BG18, Scripps Research scientists collaborated with co-senior authors Shane Crotty, PhD, chief scientific officer at La Jolla Institute for Immunology, and Devin Sok, PhD, former vice president, discovery and innovation at IAVI. Using a priming immunogen, they consistently primed exceptionally rare BG18 precursors in a wild-type animal model.

To confirm they were able to prime the correct precursors, the researchers then teamed up with Andrew Ward, PhD, Scripps Research integrative structural and computational biology professor and co-senior author of the study. Using cryo-EM structural analysis, they validated that the antibodies were indeed part of the BG18 class.

"The fact that priming worked well in macaques suggests that it has a good chance of succeeding in humans," says co-first author, Jon Steichen, PhD, an institute investigator in the Department of Immunology and Microbiology at Scripps Research.

Steichen was also co-first author on a second study, in which mice were modified to produce a low frequency of BG18 precursors. Scripps Research and IAVI scientists, along with the team of co-senior author Facundo Batista, PhD, associate director and scientific director of the Ragon Institute of MGH, MIT, and Harvard, used priming methods similar to the ones used in the first paper. However, a key difference was that this time, they also administered one of two boost immunogens using RNA technology. This resulted in boosting the primed B cells to adapt to recognize more native-like versions of HIV.

"This study showed that we can start to walk the B cells along toward bnAb development," Steichen explains.




Supercharging the immune system into action

For the third study, Schief and his team worked with IAVI scientists, wherein they primed a mouse model with the same immunogen used in the 2022 IAVI clinical trial. This resulted in mice that produced VRC01-class precursor B cells similar to those found in people. But the researchers also designed a new booster immunogen to drive the antibody response toward becoming matured bnAbs -- the next vital step in a sequential immunization series that could effectively fight HIV. The results: a "prime-boost" regimen that can drive VRC01-class B cells toward bnAb development.

"The findings demonstrate that we are able to make the antibody responses go in the right direction using this heterologous booster, which administers a different version of the vaccine than was given previously," says Christopher Cottrell, PhD, a senior staff scientist at Scripps Research who was the first co-author on this study.

Understanding the immunology

In the fourth and final study, on which Cottrell was also a co-first author, the team worked again with Batista's team at the Ragon Institute and used the same immunogens -- but in a different mouse model where his team could control the frequency of bnAb precursors that were modified to be similar to those found in humans. This allowed the researchers to take a deeper dive into the immunology associated with HIV vaccination by examining the germinal centers -- specialized microstructures in the body that protect against viral reinfection. Germinal centers provide B cells with a space to rapidly increase and mutate their antibody genes, ultimately helping the immune system fight off viral strains.

In addition, the researchers examined how germinal centers accumulate HIV mutations over time. They found that a prime-boost regimen increased precursor B-cell activity in germinal centers across different lineages, which could eventually lead to an increase in matured VRC01-class bnAbs.

What's next

Overall, all four papers confirm that the priming step to turn on the right bnAb precursors is possible when it comes to developing an HIV vaccine. Three of those papers specifically demonstrate that it's also possible to guide antibody precursors toward becoming bnAbs that can fight HIV.

"Taken together, the findings give us more confidence that we're able to prime precursors from multiple bnAb targets, and they also show that we're starting to learn the rules for how to advance precursor maturation through heterologous boosting," Schief added.

Following these results, the researchers are advancing phase 1, experimental medicine trials for both the VRC01 and BG18 projects. Vaccines aiming to prime and boost VRC01-class antibodies are being further evaluated in two clinical trials run by IAVI, IAVI G002 and IAVI G003, and a vaccine to prime BG18-class responses is being evaluated in HVTN144. These studies use both adjuvanted protein immunizations (IAVI G001 and HVTN144) and mRNA delivery (IAVI G002 and G003).

The results of these studies will guide the critical next steps on the discovery path to an HIV vaccine.
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Nuclear spectroscopy breakthrough could rewrite the fundamental constants of nature | ScienceDaily
Raising the energy state of an atom's nucleus using a laser, or exciting it, would enable development of the most accurate atomic clocks ever to exist. This has been hard to do because electrons, which surround the nucleus, react easily with light, increasing the amount of light needed to reach the nucleus. By causing the electrons to bond with fluorine in a transparent crystal, UCLA physicists have finally succeeded in exciting the neutrons in a thorium atom's nucleus using a moderate amount of laser light. This accomplishment means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy.


						
For nearly 50 years, physicists have dreamed of the secrets they could unlock by raising the energy state of an atom's nucleus using a laser. The achievement would allow today's atomic clocks to be replaced with a nuclear clock that would be the most accurate clock to ever exist, allowing advances like deep space navigation and communication. It would also allow scientists to measure precisely whether the fundamental constants of nature are, in fact, really constant or merely appear to be because we have not yet measured them precisely enough.

Now, an effort led by Eric Hudson, professor of physics and astronomy at UCLA, has accomplished the seemingly impossible. By embedding a thorium atom within a highly transparent crystal and bombarding it with lasers, Hudson's group has succeeded in getting the nucleus of the thorium atom to absorb and emit photons like electrons in an atom do. The astonishing feat is described in a paper published in the journal Physical Review Letters.

This means that measurements of time, gravity and other fields that are currently performed using atomic electrons can be made with orders of magnitude higher accuracy. The reason is that atomic electrons are influenced by many factors in their environment, which affects how they absorb and emit photons and limits their accuracy. Neutrons and protons, on the other hand, are bound and highly concentrated within the nucleus and experience less environmental disturbance.

Using the new technology, scientists may be able to determine if fundamental constants, such as the fine-structure constant which sets the strength of the force that holds atoms together, vary. Hints from astronomy suggest that the fine-structure constant might not be the same everywhere in the universe or at all points in time. Precise measurement using the nuclear clock of the fine-structure constant could completely rewrite some of these most basic laws of nature.

"Nuclear forces are so strong it means the energy in the nucleus is a million times stronger than what you see in the electrons, which means that if the fundamental constants of nature deviate, the resulting changes in the nucleus are much bigger and more noticeable, making measurements orders of magnitude more sensitive," Hudson said. "Using a nuclear clock for these measurements will provide the most sensitive test of 'constant variation' to date and it is likely no experiment for the next 100 years will rival it."

Hudson's group was the first to propose a series of experiments to stimulate thorium-229 nuclei doped into crystals with a laser, and has spent the past 15 years working to achieve the newly published results. Getting neutrons in the atomic nucleus to react to laser light is challenging because they are surrounded by electrons, which react readily to light and can reduce the number of photons actually able to reach the nucleus. A particle that has raised its energy level, such as through absorption of a photon, is said to be in an "excited" state.




The UCLA team embedded thorium-229 atoms within a transparent crystal rich in fluorine. Fluorine can form especially strong bonds with other atoms, suspending the atoms and exposing the nucleus like a fly in a spider web. The electrons were so tightly bound with the fluorine that the amount of energy it would take to excite them was very high, allowing lower energy light to reach the nucleus. The thorium nuclei could then absorb these photons and re-emit them, allowing the excitation of the nuclei to be detected and measured. By changing the energy of the photons and monitoring the rate at which the nuclei are excited, the team was able to measure the energy of the nuclear excited state.

"We have never been able to drive nuclear transitions like this with a laser before," Hudson said. "If you hold the thorium in place with a transparent crystal, you can talk to it with light."

Hudson said the new technology could find uses wherever extreme precision in timekeeping is required in sensing, communications and navigation. Existing atomic clocks based on electrons are room-sized contraptions with vacuum chambers to trap atoms and equipment associated with cooling. A thorium-based nuclear clock would be much smaller, more robust, more portable and more accurate.

"Nobody gets excited about clocks because we don't like the idea of time being limited," he said. "But we use atomic clocks all the time every day, for example, in the technologies that make our cell phones and GPS work."

Above and beyond commercial applications, the new nuclear spectroscopy could pull back the curtains on some of the universe's biggest mysteries. Sensitive measurement of an atom's nucleus opens up a new way to learn about its properties and interactions with energy and the environment. This, in turn, will let scientists test some of their most fundamental ideas about matter, energy and the laws of space and time.

"Humans, like most life on Earth, exist at scales either far too small or far too large to observe what might really be going on in the universe," Hudson said. "What we can observe from our limited perspective is a conglomeration of effects at different scales of size, time and energy and the constants of nature we've formulated seem to hold at this level.

"But if we could observe more precisely, these constants might actually vary! Our work has taken a big step toward these measurements and, either way, I am sure we will be surprised at what we learn."

The research was funded by the U.S. National Science Foundation.

"For many decades, increasingly precise measurements of fundamental constants have allowed us to better understand the universe at all scales and subsequently develop new technologies that grow our economy and strengthen our national security," said Denise Caldwell, acting assistant director of NSF's Mathematical and Physical Sciences Directorate, which provided funding for the research. "This nucleus-based technique could one day allow scientists to measure some fundamental constants so precisely that we might have to stop calling them 'constant.'"
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Study explores what motivates people to watch footage of disasters and extreme weather | ScienceDaily
Extreme weather events such as hurricanes and storms have increased in both frequency and severity in recent years.


						
With that has come heightened public interest, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord.

Now, a new study conducted at the University of Plymouth has for the first time analysed what might be motivating people to watch these streams -- in some instances for up to 12 hours at a time.

The research centred around the live-streaming of three events -- Hurricane Irma in 2017, Hurricane Ian in 2022, and Storms Dudley, Eunice and Franklin in 2022.

Through a detailed analysis of viewers' comments, it was found that people in affected areas were using streams to discuss official government risk advice they had received -- for example, about whether to evacuate.

Others were drawn to the streams because they had a previous connection to the affected region. For these people, watching live footage -- which included taking time to share messages of 'hope' for the hurricane or storm to pass without destruction -- was a way of showing support to places and people impacted by the event.

The research was published in the journal Environmental Hazards and conducted by Dr Simon Dickinson, Lecturer in Geohazards and Risk in the University's School of Geography, Earth and Environmental Sciences.




He said: "When dramatic things happen -- whether that relates to extreme weather or events like tornados or volcanoes erupting -- people flock to watch. You might assume that this is just a form of online 'rubber-necking, and that people are naturally drawn to spectacular sights. However, this study has shown that the drivers to watch extreme weather footage are more complex. Live-streams provide the opportunity for people in, close to, and far away from the event to interact in real time. The footage becomes a marker that people use to sense-check their understandings of how significant the event is, how hazards work, and as an online gathering point to share experiences of similar events. It is a fascinating insight into human behaviour that has previously been unexplored."

The research focused on nine live-streams of the 2017 and 2022 hurricanes and storms, which broadcast a total of 65 hours of video footage watched by more than 1.8 million people.

During that time, over 14,300 comments were left by 5,000 unique accounts, a reflection of the fact that footage focused on unfolding events of national or global importance generate higher-than-normal audience engagement.

Many of the streams were already existing webcam channels that were repurposed during the hurricane or storm, such as webcams that streamed beach or port conditions. In some instances, affected people streamed live-footage from their own house security or doorbell cameras.

The study demonstrates that people are keen to learn more about the science behind what is happening, highlighting the need for further work that examines how people are using new technologies to make sense of hazard risk.

Dr Dickinson added: "Although scientists are getting better at communicating risk, people are far more likely to discuss hazards in informal and relatively unmoderated settings. Moments of extreme weather are important because they focus people's attention and generate discussion about hazards, how they work, and how they will increasingly affect us in future. New digital practices -- such as live-streaming -- are thus important for us to understand because they're not just spaces of disaster voyeurism. Rather, they're spaces of learning, community and emotional support in a world that can feel increasingly volatile."
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Exploring the chemical space of the exposome: How far have we gone? | ScienceDaily

In science lingo the aggregate of all the molecules we are exposed to is called the 'exposome chemical space' and it is central to Samanipour's scientific endeavours. It is his mission to explore this vast molecular space and map it to the most 'remote' corners. He is driven by curiosity, but even more so by necessity. Direct and indirect exposure to a myriad of chemicals, mostly unknown, poses a significant threat to the human health. For instance, estimates are that 16% of global premature deaths are linked to pollution. The environment suffers as well, which can be seen, for example, in the loss of biodiversity. The case can be made, according to Samanipour, that humankind has surpassed the safe operating space for introducing human-made chemicals into the system of planet Earth.

Current approach is inherently passive

"It is rather unsatisfactory that we know so little about this," he says. "We know little about the chemicals already in use, let alone that we can keep up with new chemicals that are currently being manufactured at an unprecedented rate." In a previous study, he estimated that less than 2% of all chemicals that we are exposed to have been identified.

"The way society approaches this issue is inherently passive and at best reactive. Only after we observe some sort of effects of exposure to chemicals do we feel the urge to analyse them. We attempt to determine their presence, their effect on the environment and human health, and we try to determine the mechanisms by which they cause any harm. This has led to many problems, the latest being the crisis with PFAS chemicals. But we have also seen major issues with flame retardants, PCBs, CFCs and so on."

Moreover, regulatory measures are predominantly aimed at chemicals with a very specific molecular structure that are produced in large quantities. "There are countless numbers of other chemicals out there where we don't know much about. And these are not only man-made; nature also produces chemicals that can harm us. Through purely natural synthetic routes, or through the transformation of human-made chemicals." In particular the latter category has been systematically overlooked according to Samanipour. "Conventional methods have catalogued only a fraction of the exposome, overlooking transformation products and often yielding uncertain results."

We need a data-driven approach

The paper in JACS Au thoroughly reviews the latest efforts in mapping the exposome chemical space and discusses their results. A main bottleneck is that conventional chemical analysis is biased towards known or proposed structures, since this is key to interpreting data obtained with analytical methods such as chromatography and mass spectrometry (GC/LC-HRMS). Thus the more 'unexpected' chemicals are overlooked. This bias is avoided in so-called non-targeted analysis (NTA), but even then results are limited. Over the past 5 years, 1600 chemicals have been identified while every year around 700 new chemicals are introduced into the US market alone. Samanipour: "When you take the potential transformation products of these novel chemicals into account, you have to conclude that the speed of NTA studies is far too slow to be able to catch up. At this rate, our chemical exposome will continue to remain unknown."




The paper lists these and many more bottlenecks in current analytical science and suggest ways to improve results. In particular the use of machine learning and artificial intelligence will really push the field ahead, Samanipour argues. "We need a data-driven approach along several lines. Firstly, we should intensify the datamining efforts to distil information from existing chemical databases. Already recorded relations between structure, exposure and effect of identified chemicals will lead us to new insights. They could for instance help predict the health effects of related chemicals that are yet unidentified. Secondly, we have to perform retrospective analysis on already available analytical data obtained with established methods, expanding the identified chemical space. We will for sure find molecules there that have been overlooked until now. And thirdly, we can use AI to work on understanding the structure and scope of the exposome chemical space."

Work hard to tackle this

Of course all this is a very complex, daunting matter, Samanipour realises. But as a sort of astronaut in molecular space -- just like the explorers of the factual universe -- he won't let that complexity put him off. "We have to work hard to tackle this. I have no illusion that during my scientific career we will be able to fully chart the exposome chemical space. But it is imperative that we face its complexity, discuss it and take the first steps towards getting to grips with it."

Samanipour cooperated with colleagues at the UvA's Institute for Biodiversity and Ecosystem Dynamics, the School of Public Health at Imperial College London (United Kingdom) and the Queensland Alliance for Environmental Health Sciences at the University of Queensland (Australia). The work was supported by the TKI ChemistryNL and the UvA Data Science Center, with additional local funding for the partners in the UK and Australia.
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A new breakthrough in understanding regeneration in a marine worm | ScienceDaily

Even more surprising, the team found that this ability of gut cells to regenerate other tissue varies according to their location: the closer they are to the posterior end of the worm, the greater the variety of cell types they can rebuild2. This study will appear in Development on 2 July.

Scientists carried out these observations by monitoring the outcome of gut cells and proliferative cells that form close to the amputated end of the worm. This was tracked using different markers in particular by fluorescent beads ingested by the worms. Annelids, or 'segmented worms', which have only been studied in the last 20 years, are an ideal model for the study of regeneration, a process that is widespread in animals but still mysterious for scientists.

The research team will continue this work to determine whether cell types, other than gut cells, can play a role in regenerating a variety of cell types.

Notes

1 -- Working at the Institut Jacques Monod (CNRS/Universite Paris Cite). Scientists at Inserm and Universite Paris Cite also contributed to this research.

2 -- Only cells involved in the nervous system and growth zone of the worm (a ring of stem cells involved in the continuous growth of the animal until it reaches sexual maturity) cannot, it appears, be generated by gut cells found in the posterior end of the worm.
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Crucial gaps in climate risk assessment methods | ScienceDaily
A study by Stefano Battiston of the Department of Finance at the University of Zurich and his co-authors has identified critical shortcomings in the way climate-related risks to corporate assets are currently assessed. Many current estimates of climate physical climate risk rely on simplified and proxy data that do not accurately represent a company's true risk exposure. This can lead to significant underestimates of climate-related losses, with serious implications for business investment planning, asset valuation and climate adaptation efforts.


						
Potential losses up to 70% higher than previously estimated

The research team developed a new methodology that uses detailed information about the location and characteristics of a company's physical assets, such as factories, equipment and natural resources. This approach provides a more accurate picture of climate risks than methods that use proxy data, which often assume that all of a company's assets are located at its headquarters. "When we compared our results with those using proxy data, we found that the potential losses from climate risks could be up to 70% higher than previously thought," says Stefano Battiston. "This underscores the critical need for more granular data in risk assessments."

Preparing for the worst: The role of extreme events

The authors also point to the importance of considering "tail risk" in climate assessments. Tail risk refers to the possibility of extreme events that, while rare, can have catastrophic impacts. "Many assessments focus on average impacts. Our research shows that the potential losses from extreme events can be up to 98% higher than these averages suggest," says Stefano Battiston. "Failure to account for these possibilities can leave businesses and investors dangerously unprepared."

More funding for climate adaptation

The study's findings have significant implications for climate policy, business strategy, and investment decisions. The researchers emphasize that more accurate risk assessments are crucial for developing effective climate adaptation strategies and determining appropriate levels of climate-related insurance and funding. "Our work shows that we may be seriously underestimating the financial resources needed for climate adaptation," concludes Stefano Battiston.
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True scale of carbon impact from long-distance travel revealed | ScienceDaily
The reality of the climate impact of long-distance passenger travel has been revealed in new research from the University of Leeds.


						
Despite only accounting for less than 3% of all trips by UK residents, journeys of more than 50 miles (one way) are responsible for 70% of all passenger travel-related carbon emissions.

The disparity is even greater when international travel is singled-out: international journeys are only 0.4% of total trips but are responsible for 55% of emissions.

The new research, published today in the journal Nature Energy, also shows that targeting long-distance travel may be a more effective way of tackling emissions than current efforts which focus on local and commuter journeys.

Whilst the number of long and short distance domestic journeys by car have fallen slightly over the last 25 years, international air travel has increased significantly, driven by an increase in trips for leisure and visiting friends and family.

Dr Zia Wadud from the University's Institute for Transport Studies and School of Chemical and Process Engineering and who led the research, said: "The scale of the impact of long-distance travel is very large indeed. That just less than 3% of our trips are responsible for around 60% of miles and 70% of emissions shows how important long-distance travel is in the fight to combat climate change.

"Worryingly, long distance trips, especially flights, have been growing; however, they offer opportunities too."

Using a new metric they have created, called emission reduction sensitivity, the research team has calculated which types of travel could be changed to maximise a reduction in carbon emissions from passenger travel whilst affecting as few people or trips as possible.




Greater potential from reducing long-distance travel

The research found that if all car journeys under eight miles were shifted to walking or cycling, there would be a 9.3% reduction in carbon emissions. However, around 55% of all journeys would need to be shifted to achieve this, as most travel is done locally and in cars.

Calculated by dividing the carbon reduction percentage by the percentage of journeys altered, the emission reduction sensitivity for this change would be just 0.17 -- the lowest recorded in the study.

By contrast, if all flights of less than 1,000 miles were moved to rail, there would be a 5.6% reduction in emissions but only 0.17% of journeys would be affected -- resulting in a sensitivity value of 33.2.

At the top end, theoretically limiting everyone who flies now to one return flight abroad per year would have a value of 158.3, as so few journeys would be affected.

The researchers stress that the potential changes are only suggestions meant to make us realise and reassess the impact of our long-distance travel, rather than concrete policy proposals.




Dr Muhammad Adeel, a co-author now at the Centre for Transport and Society at the University of the West of England, added: "Whilst efforts to move local journeys to more sustainable modes of transport are really positive, by omitting aviation emissions from national statistics -- as is the case at the moment in nearly all countries -- we are not getting a holistic picture and ignoring a large part of the problem."

A call to rethink our travel's carbon impact

The researchers also hope that their findings can act as a driver for policymakers to look at changes in how effort is assigned when dealing with the impact of travel on the environment.

The data was collected from the Department for Transport's National Travel Survey, and the International Passenger Survey, which is organised by the Office for National Statistics.

The research also offers the public an insight into the impact that changing their behaviour could have.

Dr Wadud added: "The important thing both at the policy and personal level is that we prioritise the relatively fewer longer distance trips -- especially flights -- in order to realize the largest reductions."
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Spotted apex predator being pressured by spotted pack hunters -- and it's our fault | ScienceDaily
Who's stronger? A solitary leopard or cackle of hyenas? And which is best at getting along with humans?


						
University of Copenhagen researchers closely studied this in a large East African natural area surrounded by rural settlements. The study demonstrates that the presence of humans has a direct impact on the competitive relationship between the two large predator species: leopards (Panthera pardus) -- the iconic spotted feline and the spotted hyena (Crocuta crocuta) -- a kleptoparasite and pack hunter known for its comical appearance and characteristic 'laugh'.

"We humans continue eating our way into the little bit of wilderness left in the world. As we do, we impact wildlife. This study demonstrates that human disturbance upsets the balance between competing species and that this advantages hyenas," says Rasmus W. Havmoller, the study's first author and a postdoc at the University of Copenhagen's Natural History Museum of Denmark.

For months, Havmoller have been using camera traps to observe the dynamics between hyenas and leopards living in Tanzania's Udzungwa Mountains -- an approximately 2,000 km2 national park that is completely surrounded by agricultural and populated areas. The study is the first to combine camera observations of large predators over both time and space in a single analysis.

While the hyena as a species seems to be increasing in numbers, the population of leopards has been in significant decline for decades, both in Africa and worldwide. Since hyenas are the leopards' only competitor in this particular natural area, the ability of the two species to coexist is important for their survival. And here, the local population is an important factor:

"As the local people definitely don't' like leopards, the leopards retreat as far away from humans as possible. Hyenas, on the other hand, benefit from the fact that humans don't feel threatened by or pursue them. Consequently, hyenas live in close to human populations and may even exploit humans as shields against the leopards," says Havmoller.

"But the areas nearest to humans are also the areas with the most prey. And as hyenas assert dominance over these areas, it increases their ability to outcompete leopards and potentially threaten the leopard's adaptability," adds Havmoller.




Size matters

The researchers' observations confirm that size matters. While male leopards, which are larger, retain their dominance over hyenas, the situation is different for female leopards, which are smaller.

"Even though the male leopards are the ones in charge, the hyenas aren't exactly scared off by them. They simply hang out in the background -- probably to follow the leopards and steal their prey. But the physical inferiority of the hyenas seems to be compensated for in the areas closest to humans, because male leopards pull out," says Rasmus W. Havmoller, who continues:

"Female leopards, on the other hand, completely change their behavior when hyenas are in the area. They become diurnal, whereas hyenas are primarily nocturnal. This is probably because female leopards are smaller than hyenas, and that they will likely lose in any fight over prey."

Overall, the study shows that the hyenas benefit from living near humans.

"This suggests that the hyena's ability to adapt to areas of human activity may strengthen their overall success as a species and their competitive advantage over other large predators as we humans disturb more and more nature," says Havmoller.




When leopards are pressured, cascade effects may follow

According to the researcher, the shift in female leopard hunting patterns may have negative consequences:

"If you open up for more tourism and build more roads in the national park, the female leopards will be pressured immediately. They aren't able to differentiate between safari tourists -- who are most active during the day -- and poachers. In time, they will probably learn that safari guests aren't dangerous. But if there is a large and rapid influx into the area, you will probably see a decline in their population," says Rasmus W. Havmoller.

If leopards are seriously pressured out of the food chain, one should expect the emergence of what are known as cascade effects in the ecosystem:

"Plucking a large predator like leopards out of a food chain, which can be the ultimate consequence of human disturbances, may have very violent effects. Populations of other species, such as certain monkeys, whose populations are kept in check by leopards, will suddenly become too large and change the balance of the entire ecosystem," says the researcher.

As such, Havmoller hopes that the study will serve to encourage restraint when it comes to managing wilderness areas.

"Our results clearly indicate that human disturbances can change the competitive relationship between important predators. So, I hope that considerations will be made when expanding activities in wilderness areas, so as to roll them out slowly and give animals a chance to adapt. Furthermore, it would be good if the effects of human disturbances were monitored in more places using camera traps," concludes Rasmus W. Havmoller.

HYENAS VS. LEOPARDS 
    	Leopards are unpopular among local people in many places because they may hunt livestock and attack humans. Hyenas, on the other hand, "clean up" by eating sick or dead livestock and don't pose a problem for humans.
    	Female leopards (approx. 20-43 kg.) are about half the size of male leopards (approx. 51-72 kg). Hyenas are in the middle in terms of weight (approx. 48-56 kg).
    	Leopards are solitary hunters, whereas hyenas hunt in large cackles (clans), which can be an advantage for hyenas in confrontations with leopards.
    	Hyenas are kleptoparasites that regularly steal the prey of other carnivores -- including leopards.
    	Leopards on the other hand, are masterful tree-climbers, which allows them to protect their prey from hyenas.
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Near chromosome-level genome of the Mojave poppy bee | ScienceDaily
Scientists at the United States Department of Agriculture (USDA)'s Agricultural Research Service (ARS) and university research partners developed a near chromosome-level genome for the Mojave poppy bee, a specialist pollinator of conservation concern, according to a recent Journal of Heredity paper.


						
Putting together the Mojave poppy bee genome is part of the Beenome100 project, a first-of-its-kind effort to create a library of high-quality, highly detailed genome maps of 100 or more diverse bee species found in the United States. Beenome100 is a collaborative undertaking led by ARS and the University of Illinois, with collaboration of researchers across ARS and universities in the United States and Canada. The expectation is that these genomes will help researchers answer the big questions about bees, such as what genetic differences make a bee species more vulnerable to climate change or whether a bee species is likely to be more susceptible to a pesticide.

Restricted to the eastern Mojave Desert, the Mojave poppy bee (Perdita meconis) is a solitary, mining bee of the Andrenidae family that specializes in pollinating the Las Vegas bearpoppy (Arctomecon californica) and the dwarf bearpoppy (Arctomecon humilis) -- the latter being protected under the U.S. Endangered Species Act as of 1979. The poppies are found primarily in gypsum soil deposits, which are rare and scattered throughout the region.

The Mojave poppy bee and Las Vegas bearpoppy are also being considered for listing under the Endangered Species Act. Both species will be evaluated for potential declining populations and vulnerability to extinction due to climate change and to habitat loss from urban development and mining in their native region.

Researchers assembled the genome or genetic map that will help further to understand the Mojave poppy bee's biological traits.

"The genome, with additional genetic sampling of individuals, will also potentially give us insights into the genetic basis for host-plant specialization, susceptibility to pesticides, and susceptibility to drought and climate tolerance," said Rena Schweizer, a research entomologist at the ARS Pollinating Insect-Biology, Management, Systematics Research Unit in Logan, Utah.

In particular, the Mojave poppy bee is capable of weathering drought years by remaining in the ground in stasis -- a phenomenon called diapause. The trait is not well understood by researchers and, by having its genome sequenced, they may be able to learn about the genes and regulatory pathways that make the adaptation possible.




They will also use the genome to assess the species' genetic health, find insights into how bees can be specialists or generalists, and look what the tradeoffs are in terms of a bee's long-term fitness.

"It could also lead to us finding genetic signatures of decline," said Schweizer. "By studying this one bee's genome, we might be able to help conserve the bee better and identify other species that are in decline using genetic information."

To develop the genome of the small and mighty bee, researchers isolated DNA from a single, small male specimen.

This genome assembly, according to Schweizer, is impressive given that the bee is tiny (a male bee averages five to seven millimeters in length). Researchers collected the specimen in the field in a remote wilderness location.

"What is also remarkable about this research is that the specimen used for the genome was collected in non-ideal preservation methods," said Schweizer. "We still obtained high-quality DNA from a field-collected specimen due to technological advancements in sequencing technology and learned more about this unique bee. We hope that our research will set the groundwork for developing genomes of other bee species."

The detailed, high-resolution map of the reference genome is available in the National Center for Biotechnology Information's database.

The researchwas done in collaboration with the University of Montana, Utah State University, and the ARS Tropical Pest Genetics and Molecular Biology Research Unit in Hilo, Hawaii.
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Moving beyond the 80-year-old solar cell equation | ScienceDaily
Physicists from Swansea University and Abo Akademi University have made a significant breakthrough in solar cell technology by developing a new analytical model that improves the understanding and efficiency of thin-film photovoltaic (PV) devices.


						
For nearly eight decades, the so-called Shockley diode equation has explained how current flows through solar cells; the electrical current that powers up your home or charges the battery bank. However, the new study challenges this traditional understanding for a specific class of next-generation solar cells, namely: thin-film solar cells.

These thin-film solar cells, made of flexible, low-cost materials have had limited efficiency due to factors that the existing analytical models couldn't fully explain.

The new study sheds light on how these solar cells achieve optimal efficiency. It reveals a critical balance between collecting the electricity generated by light and minimising losses due to recombination, where electrical charges cancel each other out.

"Our findings provide key insights into the mechanisms driving and limiting charge collection, and ultimately the power-conversion efficiency, in low-mobility PV devices," said the lead author, Dr Oskar Sandberg of Abo Akademi University, Finland.

New Model Captures the Missing Piece

Previous analytical models for these solar cells had a blind spot: "injected carriers" -- charges entering the device from the contacts. These carriers significantly impact recombination and limited efficiency.




"The traditional models just weren't capturing the whole picture, especially for these thin-film cells with low-mobility semiconductors," explained the principal investigator, Associate Professor Ardalan Armin of Swansea University. "Our new study addresses this gap by introducing a new diode equation specifically tailored to account for these crucial injected carriers and their recombination with those photogenerated."

"The recombination between injected charges and photogenerated ones is not a huge problem in traditional solar cells such as silicon PV which is hundreds of times thicker than next generation thin film PV such as organic solar cells," Dr Sandberg added.

Associate Professor Armin said: "One of the brightest theoretical physicists of all times, Wolfgang Pauli once said 'God made the bulk; the surface was the work of the devil'. As thin film solar cells have much bigger interfacial regions per bulk than traditional silicon; no wonder why they get affected more drastically by "the work of the devil" -- that is recombination of precious photogenerated charges with injected ones near the interface!"

Impact on Future Solar Cell Development

This new model offers a new framework for designing more efficient thin solar cells and photodetectors, optimising existing devices, and analysing material properties. It can also aid in training machines used for device optimisation marking a significant step forward in the development of next-generation thin-film solar cells.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240702135436.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research shows how RNA 'junk' controls our genes | ScienceDaily
Researchers at Arizona State University have made a significant advance in understanding how genes are controlled in living organisms. The new study, published in the journal Nucleic Acids Research, focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans).


						
The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

The new map is a valuable tool for scientists studying how DNA genes are switched on and off after they are transcribed into RNA. Using this data, scientists can make improved predictions of how small RNA molecules (miRNAs) interact with genes to control their activity. The researchers also explored crucial regions of the 3'UTRs that help in processing and regulating RNA molecules.

By studying the genetic material in this model organism, researchers are gaining deeper insights into the mysteries of gene behavior, shedding light on fundamental biological processes essential to human health and disease.

"This monumental work represents a culmination of 20 years of hard work. We finally have the complete picture of how genes are formed in higher organisms," says Marco Mangone, corresponding author of the new study. "With this complete dataset, we can now pinpoint and study all the regulatory and processing elements within these gene sections. These elements determine the duration of gene expression, their specific locations within cells, and the level of expression required."

Mangone is a researcher in the Biodesign Virginia G. Piper Center for Personalized Diagnostics and a professor in the School of Life Sciences at ASU.

Genes are only half the story

Genes are segments of DNA that contain the blueprints for an astonishing diversity of life on Earth. However, part of the secret to this versatility lies not in the genes themselves but in how their effects are delicately fine-tuned. Genes provide the instructions for making proteins, which play essential roles in building and repairing cells and tissues, speeding up chemical reactions and defending the body against pathogens.




To produce proteins, genes require an intermediary molecule called RNA. During this process, DNA is first copied into RNA, which acts as a bridge between the DNA template and the resulting proteins. Although our DNA genome is fixed from birth, RNA provides the body enormous flexibility by regulating how genes are expressed.

Once genetic instructions are transcribed from DNA into messenger RNA (mRNA), specialized segments of the mRNA -- the 3'UTRs -- can regulate how the proteins are produced.

3'UTRs are sections of RNA located at the end of a messenger RNA molecule. They help to govern how and when proteins are made by controlling the stability and efficiency of the mRNA. This regulation allows for dynamic responses to environmental changes and enables control over protein production, which is essential for adapting to various physiological needs.

3'UTRs reconsidered

Initially, noncoding RNAs like 3'UTRs were regarded as nonessential genetic fragments because they themselves do not code for proteins. However, recent research reveals that they are crucial for modifying gene behavior and influencing mRNA stability, localization and translation efficiency. Translation refers to the process of converting RNA into proteins composed of sequences of amino acids.

3'UTRs are an integral part of a sophisticated and highly adaptable system of checks and balances on protein production. Additionally, these RNA regulatory elements often contain binding sites for other elements responsible for protein regulation, including microRNAs and RNA-binding proteins.




Despite their importance, scientists previously knew little about them. The new study addresses this gap by mapping out 3'UTRs for nearly all genes in C. elegans, providing the most complete map of its kind for any animal.

A window into gene function and disease

C. elegans is a small, transparent nematode that is one of the most extensively studied model organisms in biological research. Its significance lies in its simplicity, short life cycle and well-mapped genetic structure.

The organism shares many essential biological pathways with humans, making it invaluable for studying gene function, development and disease processes. Its transparent body allows researchers to observe cellular processes in real time, and its genetic composition enables the precise manipulation of genes.

These characteristics make C. elegans a powerful tool for uncovering fundamental mechanisms of biology that are often conserved across species, including humans.

The study found that the process of switching between different 3'UTRs is less common in C. elegans than previously thought. This challenges earlier beliefs and highlights the complexity of gene regulation. Using the new data, scientists updated predictions for how microRNAs interact with genes.

The insights gained from the new study have far-reaching implications for human health. Problems with gene control can lead to diseases like cancer, diabetes and neurological disorders. By providing a detailed map of 3'UTRs and their regulatory elements, the research offers new insights that could lead to better treatments and therapies.

The new dataset produced in the study will be a key resource for scientists studying genetics and human health. The ASU team plans to continue their research to further explore how these regulatory elements work and their critical influence on gene control.
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An ant that selectively amputates the infected limbs of wounded sisters | ScienceDaily
Saving lives through surgery is no longer exclusive to humans. In a study publishing July 2 in the journal Current Biology, scientists detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these "treatments," not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.


						
"When we're talking about amputation behavior, this is literally the only case in which a sophisticated and systematic amputation of an individual by another member of its species occurs in the animal Kingdom," says first author Erik Frank, a behavioral ecologist from the University of Wurzburg.

Wound care among ants is not an entirely new phenomenon. In a paper published in 2023, it was discovered that a different group of ants, Megaponera analis, use a special gland to inoculate injuries with antimicrobial compounds meant to quell possible infections. What makes Florida carpenter ants (Camponotus floridanus) stand out is that because they have no such gland, they appear to be using only mechanical means to treat their nestmates.

The researchers found that this mechanical care involves one of two routes. The ants would either perform wound cleaning with just their mouthparts or perform a cleaning followed by the full amputation of the leg. To select which route they take, the ants appear to assess the type of injury to make informed adjustments on how best to treat.

In this study, two types of leg injuries were analyzed, lacerations on the femur and those on the ankle-like tibia. All femur injuries were accompanied by initial cleaning of the cut by a nestmate, followed by a nestmate chewing off the leg entirely. In contrast, tibia injuries only received the mouth cleaning. In both cases, intervention resulted in ants with experimentally infected wounds having a much greater survival rate.

"Femur injuries, where they always amputated the leg, had a success rate around 90% or 95%. And for the tibia, where they did not amputate, it still achieved about the survival rate of 75%," says Frank. This is in contrast to the less than 40% and 15% survival rate for unattended infected femur and tibia abrasions, respectively.

The researchers hypothesized that the preferred path of wound care could be related to the risk of infection from the wound site. Micro-CT scans of the femur showed it is largely composed of muscle tissue, suggesting it plays a functional role of pumping blood, referred to as hemolymph, from the leg into the main body. With an injury to the femur, the muscles become compromised, reducing their ability to circulate potentially bacteria-laden blood. The tibia, on the other hand, has little muscle tissue and thus little involvement in blood circulation.




"In tibia injuries, the flow of the hemolymph was less impeded, meaning bacteria could enter the body faster. While in femur injuries the speed of the blood circulation in the leg was slowed down," says Frank.

You may expect, then, if tibia damage results in faster infections, amputating the full leg would be most appropriate, but the opposite is observed. It turns out the speed at which the ants can amputate a leg makes a difference. An ant-assisted amputation takes at least 40 minutes to complete. Experimental testing demonstrated that with tibia injuries, if the leg was not immediately removed post-infection, the ant would not survive. "Thus, because they are unable to cut the leg sufficiently quickly to prevent the spread of harmful bacteria, ants try to limit the probability of lethal infection by spending more time cleaning the tibia wound," remarks senior author and evolutionary biologist Laurent Keller of the University of Lausanne.

"The fact that the ants are able to diagnose a wound, see if it's infected or sterile, and treat it accordingly over long periods of time by other individuals -- the only medical system that can rival that would be the human one," Frank says.

Considering the sophisticated nature of these behaviors, a reasonable next thought would be how these ants are capable of such precise care. "It's really all innate behavior," says Keller. "Ant behaviors change based on the age of an individual, but there is very little evidence of any learning."

Now the lab team is running similar experiments in other Camponotus species to see just how conserved this behavior is and begin to unpack whether all ant species without the special antimicrobial (metapleural) gland also perform amputation. Also, since the ant receiving care allows for the slow removal of a limb while conscious, this calls for further exploration into our understanding of pain in ant societies.

"When you look at the videos where you have the ant presenting the injured leg and letting the other one bite off completely voluntarily, and then present the newly made wound so another one can finish cleaning process -- this level of innate cooperation to me is quite striking," says Frank.
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Proteins and fats can drive insulin production for some, paving way for tailored nutrition | ScienceDaily
When it comes to managing blood sugar levels, most people think about counting carbs. But new research from the University of British Columbia shows that, for some, it may be just as important to consider the proteins and fats in their diet.


						
The study, published today in Cell Metabolism, is the first large-scale comparison of how different people produce insulin in response to each of the three macronutrients: carbohydrates (glucose), proteins (amino acids) and fats (fatty acids).

The findings reveal that production of the blood sugar-regulating hormone insulin is much more dynamic and individualized than previously thought, while showing for the first time a subset of the population who are hyper-responsive to fatty foods.

"Glucose is the well-known driver of insulin, but we were surprised to see such high variability, with some individuals showing a strong response to proteins, and others to fats, which had never been characterized before," said senior author Dr. James Johnson, a professor of cellular and physiological sciences at UBC. "Insulin plays a major role in human health, in everything from diabetes, where it is too low, to obesity, weight gain and even some forms of cancer, where it is too high. These findings lay the groundwork for personalized nutrition that could transform how we treat and manage a range of conditions."

For the study, the researchers conducted tests on pancreatic islets from 140 deceased male and female donors across a wide age range. The islets were exposed to each of the three macronutrients, while the researchers measured the insulin response alongside 8,000 other proteins.

Although most donors' islet cells had the strongest insulin response to carbohydrates, approximately nine per cent responded strongly to proteins, while another eight per cent of the donor cells were more responsive to fats than any other nutrient -- even glucose.

"This research challenges the long-held belief that fats have negligible effects on insulin release in everyone," says first author Dr. Jelena Kolic, a research associate in the Johnson lab at UBC. "With a better understanding of a person's individual drivers of insulin production, we could potentially provide tailored dietary guidance that would help people better manage their blood sugar and insulin levels."

The research team also examined a subset of islet cells from donors who had Type 2 diabetes. As expected, these donor cells had a low insulin response to glucose. However, the researchers were surprised to see that their insulin response to proteins remained largely intact.




"This really bolsters the case that protein-rich diets could have therapeutic benefits for patients with Type 2 diabetes and highlights the need for further research into protein-stimulated insulin secretion," said Dr. Kolic.

The team conducted a comprehensive protein and gene expression analysis on the pancreatic islet cells, providing insights into the molecular and cellular characteristics that shape insulin production. In the future, the researchers say it could be possible use genetic testing to determine which macronutrients are likely to trigger a person's insulin response.

As a next step, the researchers hope to expand their work into clinical studies that would test insulin responsiveness to the trio of macronutrients in a real-world setting, and to begin developing personalized nutrition approaches based on the findings.

This research was supported by the Canadian Institutes for Health Research and JDRF Canada. The researchers would like to thank the organ donors and their families for their gift that enabled this research, made through the Human Organ Procurement and Exchange program and Trillium Gift of Life Network. 
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Melting of Alaskan glaciers accelerating faster than previously thought | ScienceDaily
Melting of glaciers in a major Alaskan icefield has accelerated and could reach an irreversible tipping point earlier than previously thought, new research suggests.


						
The research, led by scientists at Newcastle University, UK, found that glacier loss on Juneau Icefield, which straddles the boundary between Alaska and British Columbia, Canada, has increased dramatically since 2010.

The team, which also included universities in the UK, USA and Europe, looked at records going back to 1770 and identified three distinct periods in how icefield volume changed. They saw that glacier volume loss remained fairly consistent from 1770 -- 1979 at between 0.65- 1.01 km3 per year, increasing to 3.08-3.72 km3 per year between 1979-2010. Between 2010-2020 there was a sharp acceleration when the rate of ice loss doubled, reaching 5.91 km3 per year.

In particular, the research, published in Nature Communications, found that icefield-wide, rates of glacier area shrinkage were five times faster from 2015-2019 relative to 1948-1979.

Overall, the total ice loss across the Juneau icefield between 1770-2020 (315.3 +- 237.5 km3) equated to just under a quarter of the original ice volume.

The increased rate of glacier thinning has also been accompanied by increased glacier fragmentation. The team mapped a dramatic increase in disconnections, where the lower parts of a glacier become separated from the upper parts.

Additionally, 100% of glaciers mapped in 2019 have receded relative to their position in 1770, and 108 glaciers have disappeared completely.




Study lead, Dr Bethan Davies, Senior Lecturer, Newcastle University, said:

"It's incredibly worrying that our research found a rapid acceleration since the early 21st century in the rate of glacier loss across the Juneau icefield.

"Alaskan icefields -- which are predominantly flat, plateau icefields -- are particularly vulnerable to accelerated melt as the climate warms since ice loss happens across the whole surface, meaning a much greater area is affected.

"Additionally, flatter ice caps and icefields cannot retreat to higher elevations and find a new equilibrium.

"As glacier thinning on the Juneau plateau continues and ice retreats to lower levels and warmer air, the feedback processes this sets in motion is likely to prevent future glacier regrowth, potentially pushing glaciers beyond a tipping point into irreversible recession."

Alaska contains some of the world's largest plateau icefields and their melting is a major contributor to current sea level rise. The researchers think the processes they observed at Juneau are likely to affect other, similar icefields elsewhere across Alaska and Canada, as well as Greenland, Norway and other high-Arctic locations.




They also say current published projections for the Juneau icefield that suggest ice volume loss will be linear until 2040, accelerating only after 2070, may need to be updated to reflect the processes detailed in this latest study.

Dr Davies said: "This work has shown that different processes can accelerate melt, which means that currrent glacier projections may be too small and underestimate glacier melt in the future."

The team used a combination of historical glacier inventory records, 20th century archival aerial photographs, and satellite imagery as well as geomorphological mapping conducted during fieldwork in 2022 to piece together a comprehensive picture of changes over the past 250 years.

Dr Robert McNabb, Lecturer in Remote Sensing, Ulster University, said:

"What was really exciting about this research was piecing together thousands of archived aerial photographs to extract elevation, which gave us a really detailed insight into the long-term behaviour of the icefield.

"Putting together this archive of photographs, collected 70 and 50 years ago, was a little like doing the world's hardest jigsaw puzzle but the quality of the imagery meant we were able to reconstruct the icefield elevation in the pre-satellite era for the first time. Longer term archives like this one are an incredibly valuable resource, as they give us a much better understanding of the thresholds for accelerating change, as we've seen on the Juneau Icefield."
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Study illuminates cues algae use to 'listen' to their environment | ScienceDaily
Plants have long been known to release chemicals to respond to stress and relay information to their neighbors. A team of scientists from Bigelow Laboratory have shown that glaucophytes, a small group of single-celled algae distantly related to plants, appear to have the same penchant for chemical communication. This suggests that the ability to use chemical cues in this way may not be unique to complex life as once thought, but rather evolved further back on the tree of life.


						
"We're looking at this organism that shares ancestry with plants, and uses a communication process that people once thought only plants used," said Senior Research Scientist John Burns, a co-author on the study. "It's possible that many branches of life started with similar tools for communication but then diverged in the particular genetic way they do it."

Discovering how cell communication works in new lineages helps scientists understand how these abilities emerged and have changed over time. Microalgae, like glaucophytes, are also essential to biogeochemical cycling in aquatic systems so understanding them is essential for predicting how the larger ecosystem functions, especially in stressful situations.

"The underlying communication process used by plants and glaucophytes is similar, and they're based on the same basic components of life," said Baptiste Genot, a former postdoctoral researcher at Bigelow Laboratory and the study's lead author. "But going beyond plants to understand how single cells like these algae carry these processes out is really paving a new trail."

Their results were recently published in The Journal of Eukaryotic Microbiology.

Scientists have long understood that plants emit informational molecules, like hormones and other organic compounds, as a way to communicate information and adapt to stressful situations like changes in temperature or exposure to toxins. But there's far less information on the strategies used by microalgae, despite them being the most abundant primary producers in aquatic systems.

That includes glaucophytes, one of the three main lineages in what's called the Archaeplastida. Organisms in this group, including plants, as well as green and red algae, are known to have a common ancestor over a billion years ago. Understanding commonalities between the complex communication strategies used by these different organisms can help scientists map the timeline of when lineages branched off from each other. It can also help them better understand how the tools used for photosynthesis evolved.




"Glaucophytes are this other branch of life that developed chloroplasts at the same time as plant ancestors did, but ran with it in a whole different evolutionary direction," Burns said. "So, you can use these comparisons to answer really basic questions about photosynthesis across all branches of life."

The researchers focused on one species of glaucophyte, called Cyanophora paradoxa. They found that, in response to external stressors like changing light, C. paradoxa produces potent hormones like ethylene, which plays a key role in fruit ripening and is known to be released by plants in response to stress. When the team supplied the algae with a chemical that's a precursor to ethylene, they found that the glaucophytes produced large quantities of the hormone, and slowed down their growth rate in response.

"If you looked at the genes plants have, you would never think that glaucophytes could use these same signaling pathways, because they just don't have the same 'parts,'" Burns said. "We often use plants as our baseline for photosynthetic life, but, in this story, they're the 'weirdos' who took off in a different evolutionary direction. Glaucophytes may have more in common with other algae than plants do when it comes to these behaviors."

This study provides the first evidence of glaucophytes releasing hormones as a stress response, but questions remain about how these organisms change their actual behaviors, like how they swim or develop, in response to these hormones. Burns and Genot are also interested in how other organisms in the ecosystem respond to these chemical shifts, and whether other algae species use these same hormonal cues for communication.

Beyond communication, though, the study also highlights the value of glaucophytes more broadly. Because of their unique place in the tree of life, how stable they are in the lab, as well as how fast they grow -- Burns likens them to "weeds" -- they're a valuable tool for answering questions about evolutionary history and even developing algae-based products like plastic alternatives.

"The knowledge gap between what we know about these unicellular, photosynthetic eukaryotes and cultivated plants is still huge," Genot said. "It's challenging but exciting because we have so much more to learn about these little cells living all around us!"
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Organic material from Mars reveals the likely origin of life's building blocks | ScienceDaily
Two samples from Mars together deliver the "smoking gun" in a new study showing the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago by University of Copenhagen researchers that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.


						
In a meteor crater on the red planet, a solitary robot is moving about. Right now it is probably collecting soil samples with a drill and a robotic arm, as it has quite a habit of doing. NASA's Curiosity rover has been active on Mars as the extended arm of science for nearly 12 years, and it continues to make discoveries that surprise and challenge scientists' understanding of both Mars and our own world here on Earth.

Most recently, the discovery of sedimentary organic material with particular properties has had many researchers scratching their heads. The properties of these carbon-based materials, in particular the ratio of its carbon isotopes, surprised researchers.

Organic materials with such properties, if found on Earth, would typically be a sign of microorganisms, but they can also be the result of non-biological, chemical processes. The find obviously had researchers scrambling for a clear answer, but nothing seemed to fit.

However, for the research collaboration behind a new study published in Nature Geoscience, there has been little hair scratching and much enthusiasm.

In fact, the discovery on Mars provided the missing piece that made everything fall into place for this group of researchers from the University of Copenhagen and the Tokyo Institute of Technology.

As co-author and chemistry professor Matthew Johnson puts it, it is "the smoking gun" needed to confirm a decade old theory of his about so-called photolysis in Mars' atmosphere.




With the Curiosity sample, the new research is able to prove with reasonable certainty that the Sun broke down CO2 in the Martian atmosphere billions of years ago -- as the old theory predicted. And that the resulting carbon monoxide gradually reacted with other chemicals in the atmosphere synthesizing complex molecules -- and thus providing Mars with organic materials.

"Such carbon-based complex molecules are the prerequisite of life, the building blocks of life one might say. So, this it is a bit like the old debate about which came first, the chicken or the egg. We show that the organic material found on Mars has been formed through atmospheric photochemical reactions -- without life that is. This is the 'egg', a prerequisite of life. It still remains to be shown whether or not this organic material resulted in life on the Red Planet." said Johnson and continued:

"Additionally because Earth, Mars and Venus had very similar CO2 rich atmospheres long ago when this photolysis took place, it can also prove important for our understanding of how life began on Earth," said Professor Matthew Johnson from Department of Chemistry at University of Copenhagen.

Two pieces separated by 50 Million Kilometers -- one puzzle solved

12 years ago Johnson and two colleagues used simulations based on quantum mechanics to determine what happens when a CO2 rich atmosphere is exposed to the UV-light of the Sun, in a process known as photolysis.

Basically, on Mars around 20% of the CO2 is split into oxygen and carbon monoxide. But carbon has two stable isotopes: carbon-12 and carbon-13. Usually they are present in a ratio of one carbon-13 for every 99 carbon-12. However, photolysis works faster for the lighter carbon-12, so the carbon monoxide produced by photolysis has less carbon-13 (is depleted), and the left over CO2 has more (is enriched).




Because of this, Johnson and his colleagues were able to make very precise predictions of the ratio of carbon isotopes after photolysis. And this gave them two distinctive fingerprints to look for. One of these was identified in a different Martian sample, years ago.

"We actually have a piece of Mars here on Earth, which was knocked off that planet by a meteorite, and then became one itself, when it landed here on Earth. This meteorite, called Allan Hills 84001 for the place in Antarctica where it was found, contains carbonate minerals that form from CO2 in the atmosphere. The smoking gun here is that the ratio of carbon isotopes in it exactly matches our predictions in the quantum chemical simulations, but there was a missing piece in the puzzle. We were missing the other product of this chemical process to confirm the theory, and that's what we've now obtained," says Matthew Johnson.

The carbon in the Allan Hills meteorite is enriched in carbon-13, which makes it the mirror image of the depletion in carbon-13 that has now been measured in the organic material found by Curiousity on Mars.

The new study has thus linked data from two samples, which researchers believe have the same origin in Mars' childhood but were found more than 50 million kilometers apart.

"There is no other way to explain both the carbon-13 depletion in the organic material and the enrichment in the Martian meteorite, both relative to the composition of volcanic CO2 emitted on Mars, which has a constant composition, similar as for Earth's volcanos, and serves as a baseline," said Johnson

Hope to find the same evidence on Earth

Because the organic material contains this isotopic "fingerprint" of where it came from, researchers are able to trace the source of the carbon in the organic material to the carbon monoxide formed by photolysis in the atmosphere. But this also reveals a lot about what happened to it in between.

"This shows that carbon monoxide is the starting point for the synthesis of organic molecules in these kinds of atmospheres. So we have an important conclusion about the origin of life's building blocks. Although so far only on Mars," said Matthew Johnson.

Researchers hope to find the same isotopic evidence on Earth, but this has yet to happen, and it could be a much bigger challenge because our geological development has changed the surface significantly compared to Mars, Johnson explains.

"It is reasonable to assume that the photolysis of CO2 was also a prerequisite for the emergence of life here on Earth, in all its complexity. But we have not yet found this "smoking gun" material here on Earth to prove that the process took place. Perhaps because Earth's surface is much more alive, geologically and literally, and therefore constantly changing. But it is a big step that we have now found it on Mars, from a time when the two planets were very similar," says Matthew Johnson.

Facts: Organic material

The sample found on Mars contains deposits of so-called organic material. To laymen this may sound more exciting than it is. Organic material in a chemical context does not necessarily mean something living, as one might normally think. The term covers molecules that contain carbon and at least one other element and can easily exist without life. These molecules are rather the building blocks of life.

Facts: What is Photolysis

Photolysis means that the Sun's UV rays provide molecules with energy to perform a chemical transformation. According to the research this happened in the Martian atmosphere, where 20% of CO2 molecules there were split into oxygen and carbon monoxide.

In earlier research, Johnson and colleagues showed that carbon dioxide containing the carbon-12 isotope is photolysed more quickly than the heavier isotope carbon-13.

Over time, CO is produced that is depleted in 13C, and 13C builds up in the remaining CO2. This results in so-called isotopic enrichment in CO2 and depletion in CO, like mirror images or each other or the two halves of a broken plate.

It is the fractionation ratio in carbon, which serves as evidence of photolysis in the two samples from Mars.

Facts: The oxygen painted Mars red

Photolysis of a CO2 molecule yields carbon monoxide (CO) and an oxygen atom (O). On Mars, only carbon monoxide remains, which is transformed into the organic material found by the Curiosity rover.

But where the oxygen has gone is also no secret. The oxygen combines into O2, which interacts with iron on Mars' surface. The Red Planet is rust red due to oxidized iron.

Facts: Isotopes Have Different Weights

Isotopes are variants of the same element that have different weights because the nucleus contains more or fewer neutrons.

Carbon has two stable isotopes -- Normally, about 99% of carbon has 6 protons and 6 neutrons in its nucleus (12C). About 1% has 6 protons and 7 neutrons instead (13C). The ratio can serve as a chemical fingerprint revealing what reactions the carbon has undergone.

Photolysis favors carbon-12, and a high concentration of the isotope can therefore indicate this process.

Extra Info: The Famous Mars Meteorite

The discovery of organic sediments on Mars with a low ratio of carbon-13 completes the puzzle of empirical evidence for the photolysis theory, since researchers already found the other part of that puzzle years ago in the famous meteorite, Allan Hills 84001. The meteorite contains carbonate with a heightened concentration of heavy carbon 13 isotopes.

Discovered in Antarctica 40 years ago by Roberta Score, the meteorite is believed to originate from the Red Planet and became particularly well known because it contains some deposits that led NASA researchers to announce in 1996 that they believed they had found traces of microscopic fossils of bacteria from Mars.

Today, the consensus is that these deposits are abiotic -- that is, stemming from non-biological processes.

Extra info: Mars, Earth, and Venus Had the Same Atmosphere

According to researchers, Earth had approximately the same atmosphere as our neighboring planets Mars and Venus billions of years ago.

When the early planets Venus, Earth, and Mars eventually formed solid surfaces, researchers believe they began to release large amounts of CO2 from extreme volcanic activity. That's how they formed their first atmospheres with large concentrations of the gas. Oxygen had not yet become part of the atmosphere; this happened later on Earth, after the emergence of life.

The photolysis theory states that UV rays from the sun then start a chain of chemical reactions. A chain that starts with the breakdown of CO2 into carbon monoxide, which is the building block for a multitude of other chemical compounds.

Thus, with the help of the Sun, the foundation for the many carbon compounds and complex molecules we have today was formed -- in the case of Earth, the foundation for life.

"Since then the fate of the three planets has been significantly different. Earth's carbon dioxide reacted with our large amount of surface water and much of it deposited over time as carbonate rocks like limestone, leaving the atmosphere dominated by nitrogen, as we have today. Life arose, and microorganisms produced oxygen, which, among other things, created our ozone layer, while Mars and Venus still have very CO2-dominant atmospheres today," explains Matthew Johnson.

Today, Venus has a very dense and toxic atmosphere primarily of CO2, which gives it a surface temperature of around 450 degrees Celsius.

On Mars, the atmosphere has become much thinner compared to Earth's, and has left a desert landscape.
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Ocean acidification turns fish off coral reefs | ScienceDaily
A new study of coral reefs in Papua New Guinea shows ocean acidification simplifies coral structure, making crucial habitat less appealing to certain fish species.


						
While much media attention has focused on heat stress-induced coral bleaching, this finding, by a University of Adelaide research team led by Professor Ivan Nagelkerken, adds nuance to concerns about how global warming affects coral reefs.

Ocean acidification is caused by an increase in the level of carbon dioxide in oceanwater, leading to a reduction in pH. This makes calcium carbonate less available in the ocean, which corals use to build and repair their skeleton.

Professor Nagelkerken and his team show that, while ocean acidification in some instances does not reduce overall coral cover on a reef, the structures are less branched and therefore less appealing as habitat to some fish species.

Researchers observed two reefs in Upa-Upasina, Papua New Guinea: one located next to a volcanic seep releasing a steady stream of carbon dioxide, causing natural acidification, and another located 500 metres away unaffected by the volcanic gases.

"Aquarium experiments are rather simplistic and cannot adequately mimic the complex species interactions that commonly occur in nature," says Professor Nagelkerken.

"These reefs presented an incredible opportunity to directly compare current and future-analogous conditions side-by-side, with a full suite of ecological interactions in place."

Of the five damselfish species Professor Nagelkerken's research team observed, two displayed a preference for complex, branched structures; while two others were not disinclined to interact with simplified coral structures but still sought out complex habitats even as they became scarce. A fifth rubble-specialist species associated most strongly with rubble.




"Ocean acidification has the potential to reshuffle ecological communities globally, lead to the loss of key habitats and biodiversity, reduce fisheries' productivity, and have negative physiological impacts on many marine animals and plants," says Professor Nagelkerken, from the University of Adelaide's School of Biological Sciences.

"It might also lead to a reduction in populations of various fish species, which could create novel species community structures that might have lower biodiversity and not be as resilient as present-day communities. It could also clearly distinguish winner species from loser species. And if this ocean acidification affects fisheries species, some species that recreational and commercial fishers target might become less abundant."

The acidification conditions observed in the research, which was published in the Journal of Animal Ecology, at the reef beside the volcanic seep are expected to occur in the ocean more broadly as the increasing level of human-caused carbon emissions in Earth's atmosphere are absorbed by the ocean.

"If we continue to emit carbon dioxide unabated, at some point in the future we could see such levels of ocean acidification in Australia," says Professor Nagelkerken, who worked alongside colleagues from James Cook University as part of an international team that included researchers from New Caledonia, Hong Kong and Japan.

"The effects observed in our study would be similar in Australian ecosystems, because many of the coral and fish species that we studied in Papua New Guinea also occur on the Great Barrier Reef.

"But temperate reefs might also be affected, with ocean acidification having negative effects on cold-water reef builders such as oysters, mussels and calcareous algae, among others."

The way to avoid this looming future, according to Professor Nagelkerken, is simple. "We should increase our efforts to reduce CO2 emissions globally," he says.
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Genetic patterns of world's farmed, domesticated foxes revealed via historical deep-dive | ScienceDaily
Domesticated animals play a prominent role in our society, with two-thirds of American families enjoying the companionship of pets and many others relying on animal products for their nutritional needs. But the process of domestication remains a bit of a mystery. Convincing wild animals they are safe enough to coexist and mate in enclosures and in close proximity to humans and other animals is no small feat. What does it take behaviorally and genetically for that to happen?


						
For the most part, the animals we've domesticated have been docile for so long that there's no easy way to go back and study the transition from wild to tame. A notable exception is the domestication of red foxes -- raised in captivity for their fur -- starting in 1896 on Canada's Prince Edward Island. A team from the University of Illinois Urbana-Champaign traced the process from its beginnings on the island to captive fox populations around the world, including some still in operation today.

"We have the historical documents, we have genetic information about wild fox populations all over the world, and we obtained samples from foxes bred in North America and Eurasia. So we can really dig into the question of how foxes were domesticated and how their genetics were shaped by geography and time," said lead study author Halie Rando, an assistant professor at Smith College who completed her doctoral research in the Illinois Informatics Institute, now in the School of Information Sciences, at Illinois.

Rando, along with Illinois animal sciences professor Anna Kukekova and their collaborators, analyzed new and previously published mitochondrial DNA data from wild fox populations and from 10 captive populations in North America and Eurasia, including the site of the famous Russian fox domestication experiment. They then cross-referenced historical records related to the intercontinental trade of foxes, changing fur demand and farm sizes, and breeding practices. Together, the data allowed them to determine the geographical origins of farmed foxes worldwide and understand the role of genetic diversity in the domestication process.

"When we do population genetics research, we're able to uncover history forensically," Rando said. "Looking at signatures that are in present populations, we can make inferences about the past."

Early fox farmers were motivated by the demand for the silver variant of red foxes. Trying to trap rare silver foxes from the wild was unreliable and difficult, but breeding them in captivity had its own challenges.

"The foxes were very hard to breed on the farms because they would get really stressed out and die or kill their offspring. It took a long time for them to figure out how to set up the breeding enclosures to reduce stress. Along the way, they were selecting for individuals that were better suited to the farm environment," Rando said. "They also managed to select for the silver fur color. Even without knowing any genetics, they figured out how to crack the code."

After that, the industry boomed, with Canadian foxes being exported across the world. The genetic analysis showed that every captive population the researchers surveyed -- even those in Eurasia -- originated from wild North American foxes. In fact, there were no traces of genetic markers from Eurasian wild fox populations, suggesting any attempts at domesticating local populations were abandoned or overtaken by North American genetics.




"This study helps to answer questions researchers have asked for years about the geographic origin and genetic background of these fox populations," Kukekova said. "Furthermore, some farm foxes may have mixed with native foxes through release events over the years in different locations. Occasionally, unexpected gene signatures show up in native populations, so our study may help to explain where they're coming from."

World War II interrupted demand, and the industry never recovered in North America. In the USSR, however, fox farms quickly rebounded, aided by the government-supported fur industry.

Overall, the genetic pattern reflects the more stable history of breeding in Eurasia. Although all the farmed foxes in the study were found to originate from North American wild foxes, populations in Eurasia were more genetically diverse, with greater representation from Alaskan and western U.S. genotypes in addition to common genotypes from Eastern Canada.

"Some gene signatures were very rare and found only in certain Eurasian farm populations," Rando said. "The presence of these rare signatures, along with more diversity overall in Europe, could be due to more stable population sizes there after World War II, whereas those rare types may have been lost when North American farms collapsed."

The study also sheds light on the famous Russian Farm Fox experiment, started in 1959 at the Institute of Cytology and Genetics (ICG) in Novosibirsk. The study originated with the selection of farm-bred foxes that showed the least avoidant behaviors around humans. Through successive generations, scientists selectively bred foxes with tame behaviors, eventually resulting in foxes as friendly as the family dog.

The current study sampled that population and analyzed it along with the others, finding no unique genetic origins for the Russian foxes. To Rando, this suggests that farm-bred foxes may have the same underlying capacity to develop friendly behaviors.




"I'd say we pretty conclusively demonstrated that the foxes in Novosibirsk are not meaningfully different from other farm-bred foxes in terms of their genetic origins. We also found that the populations in Novosibirsk were among the most genetically diverse captive populations, likely due to their meticulous pedigree records and carefully planned breeding," she said.

Kukekova added, "It's informative to know that this one successful endeavor in Prince Edward Island really had a huge effect on modern populations that persists to this day. The model can help us study domestication broadly and find gene networks leading to tame behavior, which is something that humans have been interested in for a very long time."

Kukekova is also affiliated with the Carl R. Woese Institute for Genomic Biology.
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Dampening the 'seeds' of hurricanes | ScienceDaily
Increased atmospheric moisture may alter critical weather patterns over Africa, making it more difficult for the predecessors of many Atlantic hurricanes to form, according to a new study published this month.


						
The research team, led by scientists from the U.S. National Science Foundation National Center for Atmospheric Research (NSF NCAR), used an innovative model that allows for higher-resolution simulations of hurricane formation than ever before. This allowed researchers to study the effects of increased regional moisture over Africa, which is the birthplace of weather systems that later produce hurricanes over the Atlantic.

Past research has suggested that warmer ocean water and a moister atmosphere could cause hurricanes to become more intense with greater amounts of rainfall. But how atmospheric moisture, which is predicted to increase in a warming climate, may be impacting hurricane formation itself has not been studied in detail until now.

The researchers found that a moister environment produced weaker and slower-moving African easterly waves, or disturbances which are the primary precursor or "seed" for hurricanes in the Atlantic. The addition of moisture moved the location of thunderstorms within the wave, making it harder for the wave to grow. Increased moisture also slowed the movement of the wave resulting in weaker and delayed hurricane seed formation by the time it reached eastern Atlantic waters.

"Considerable work during the last two decades has emphasized the role of deep moist convection to explain the development of African easterly waves," said NSF NCAR scientist and lead author Kelly Nunez Ocasio. "But, the precise role of moisture has proven somewhat elusive. With the development of new modeling capabilities, I was able to focus on the role of moisture in cyclogenesis stemming from the hurricane seed."

The study is funded by NSF NCAR and published in the Journal of Advances in Modeling Earth Systems. Nunez Ocasio pursued the research through the NSF NCAR Advanced Study Program which allows graduate and postdoctoral students to focus on emerging areas of science.

Next-gen modeling

The birth of hurricanes and other tropical cyclones, known as cyclogenesis, is a complex process where small-scale weather events and large-scale atmospherics happen simultaneously. This complexity has made it difficult to study and model the formation of tropical cyclones. Most climate models provide only a grainy picture of what is happening with localized weather, which makes it difficult to learn anything about the role of individual ingredients, like moisture, that mix together to create cyclogenesis.




To address this, the research team turned to the Model for Prediction Across Scales (MPAS). MPAS has the ability to model weather both locally and globally. This capability allowed Nunez Ocasio and her colleagues to zoom out and simulate global moisture and then zoom in to see how that would interact with localized weather events that lead to the formation of tropical cyclones.

The researchers started the experiment by using MPAS to reproduce a moisture-driven African easterly wave that became hurricane Helene in 2006. The team used that base to add or take away moisture and study what happened with those changes.

"When I increased the moisture we saw more convection and thunderstorms, which is to be expected; however, we discovered that the waves struggled to pair with the more intense and deep convection," said Nunez Ocasio. "With increased moisture, the energy source of tropical cyclone seeds moved north and further away, reducing the kinetic energy available to the African easterly wave, which led to weak, energy-starved tropical cyclone seeds."

Studying the evolution of tropical cyclones after this initial phase was outside the scope of this study. More research is needed to discover whether these weaker seeds lead to weaker tropical cyclones and hurricanes or if it will just take them longer to form.

The conditions leading to tropical cyclone formation are complex, but researchers hope these newer modeling techniques will lead to better predictions. For instance, Nunez Ocasio is beginning to run simulations where she alters other atmospheric variables key to generating tropical cyclones.

"In addition to moisture, I'm altering other variables in the model to more realistically reproduce a future climate scenario in collaboration with Erin Dougherty, NSF NCAR project scientist," she said. "So far, I'm seeing similarities to the results of this study even as I alter those other significant pieces."
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Shrinking glaciers: Microscopic fungi enhance soil carbon storage in new landscapes created by shrinking Arctic glaciers | ScienceDaily
Melting Arctic glaciers are in rapid recession, and microscopic organisms colonise the newly exposed landscapes. Dr. James Bradley, Honorary Reader in Arctic Biogeochemistry in the School of Biological and Behavioural Sciences at Queen Mary University of London, and his team, have revealed that yeasts play an important role in soil formation in the Arctic after glaciers have melted away.


						
Roughly 10% of Earth's land surface is covered by glacial ice. However, glaciers are retreating ever further and ever faster because of global warming. As they do, they expose new landscapes which, for many thousands of years, have been covered in ice. After the glacial ice is gone, microscopic lifeforms colonise the now accessible bedrock, accumulating nutrients and forming new soils and ecosystems. As soil can be a significant carbon store under the right circumstances, how exactly new soils form after the melting of glaciers is a question of great scientific and societal relevance.

To study the formation of Arctic soils, a team led by Dr. Bradley travelled to Svalbard -- an archipelago of islands roughly halfway between the North Pole and Norway's northern coast, and well above the Arctic circle. Here, the climate is warming seven times faster than the rest of the world, and glaciers are in rapid decline. The barren landscapes that are exposed offer very little to support any form of life: the rocky terrain is lacking nutrients, temperatures drop to well below freezing for months on end, and because of its high latitude, there is a complete lack of sunlight during the winter polar night. The very first pioneer colonisers of the inhospitable terrain are microorganisms such as bacteria and fungi. These microbes determine how much carbon and nitrogen can be stored in the soils -- but very little is known about the exact processes behind this nutrient stabilisation through microbial activity. Bradley and his team studied these soils to better understand how microbes contribute to the process of soil formation when glaciers vanish.

Timeline of colonisation

The research focusses on the forefield of Midtre Lovenbreen, a retreating valley glacier in the northwest of Spitsbergen. Dr. James Bradley, who first worked at the site in 2013, said: "A decade ago I was walking on top of the ice and drilling ice cores into the glacier. When we returned in 2021, the glacier had shrunk and instead of ice there were barren, seemingly lifeless soils." But upon laboratory-based analyses of these soils, the researchers found that they contain incredibly diverse communities of microbes, the smallest and simplest forms of life on Earth.

The newly exposed areas are ideal for researching incremental changes in the soil as they are a natural laboratory for observing the various stages of soil development. The soil closer to the glacier margin is the youngest, and soil further away from the retreating glacier is incrementally older -- where more time has passed allowing life to colonise the terrain. "These are some of the most pristine, delicate, and vulnerable ecosystems on the planet, and they are rapidly colonised by specialised microbes, even though they are subject to extremes in temperature, light, water and nutrient availability" said Dr. Bradley.

Adjusting to the midnight sun and the often changeable weather, the scientists spent weeks working on the rocky and uneven terrain of the glacier forefield, surrounded by crevassed ice, a fjord home to minke whales and seals, and tundra shared by Arctic foxes, reindeer and polar bears. The researchers are trained in recognising polar bear behaviours and safe handling of firearms, in case of an encounter with a bear while working in the remote Arctic environment.




Pioneer fungi sequester carbon in the soil

Bradley's team investigated the microbial composition of the soils by DNA analysis, while also measuring the cycling and flow of carbon and nitrogen. Through experiments involving isotope labeled amino acids, they were able to precisely follow the microbial assimilation and metabolism of organic carbon. "We were especially interested in what proportion of carbon microorganisms lock in the soil as biomass and how much they release back into the atmosphere as carbon dioxide," says Juan Carlos Trejos-Espeleta, the lead author of the study from Ludwig Maximilian University of Munich, Germany.

Their main focus was on fungi -- a group of microorganisms that are known to be often better adapted than bacteria at storing a lot of carbon in the soil and keeping it there. The ratio of fungi to bacteria is an important indicator of carbon storage: More fungi mean more carbon in the soil, while more bacteria generally lead to the soil emitting more CO2. "In high Arctic ecosystems, the variety of fungi is particularly high compared to that of plants, which increases the likelihood that fungal communities could play a key role there as ecosystem engineers," said author Professor William Orsi, from Ludwig Maximilian University of Munich, Germany. Discovering more about the carbon assimilation processes of fungal and bacterial populations and carbon flow processes in the ecosystem is crucial for making accurate predictions about how terrestrial ecosystems in the Arctic will respond to future warming.

And indeed, the researchers were able to show that fungi -- or more precisely, specific basidiomycete yeasts -- play a decisive role in the early stabilisation of the assimilated carbon. According to the study, they are the fungal pioneers in the young postglacial soils and make a decisive contribution to the enrichment of organic carbon. "We found that these specialised fungi are not only able to colonise the harsh Arctic landscapes before any other more complex life, but that they also provide a foothold for soil to develop by building up a base of organic carbon which other life can use" said Dr. Bradley. In older, bacteria increasingly dominate amino acid assimilation, leading to a significant reduction in the formation of biomass and an increase in CO2 emissions from respiration. "Our results demonstrate that fungi will play a critical role in future carbon storage in Arctic soils as glaciers shrink further and more of Earth's surface area is covered by soil" summarises Prof. Orsi.

The results of the study, in which other researchers from Germany, the United States, and Switzerland were involved, have now been published in the journal Proceedings of the National Academy of Sciences (PNAS). The research was funded by the UK Natural Environment Research Council (NERC), the US National Science Foundation (NSF), and the German National Science Foundation (DFG).
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AI-powered study explores under-studied female evolution | ScienceDaily
Pioneering AI-powered research on butterflies has probed the under-studied evolution of females and adds to a debate between the founding fathers of evolution.


						
The University of Essex study -- published in Communications Biology -- explores a controversy between Victorian scientists Charles Darwin and Alfred Russel Wallace.

Darwin thought males had more variation, as females often chose mates based on male appearance.

Whereas Wallace thought natural selection across sexes was the biggest factor in difference.

For over a century, scientists have mostly studied males because their differences are more obvious, while females, with more subtle evolutionary changes, had been less studied.

By using high-tech machine learning Dr Jennifer Hoyal Cuthill examined more than 16,000 male and female birdwing butterflies, with collaborators from the Natural History Museum and AI research institute Cross Labs, Cross Compass.

This is the first time the visual differences between sexes have been explored across the species, which live in Southeast Asia and Australasia.




Birdwing butterflies were chosen for this study because of their spectacular wing colour patterns and differences between males and females.

Dr Hoyal Cuthill, from the School of Life Sciences, said: "This is an exciting time, when machine learning is enabling new, large-scale tests of longstanding questions in evolutionary science.

"For the first time we are able to measure the visible extents of evolution to test how much variation is present in different biological groups and among both males and females.

"Machine learning is giving us new information on the evolutionary processes which generate and maintain biodiversity, including in historically neglected groups."

The study looked at photographs of butterflies from the Natural History Museum collections, which show a range of traits, like wing shapes, colours, and patterns, across several species.

It found that while males often have more distinct shapes and patterns, both males and females contribute to the overall diversity.




The research showed evolutionary patterns predicted by both Darwin and Wallace were found in the butterflies.

Showing that both males and females contribute to diversity among species.

The males showed more variation in appearance, which fits with Darwin's idea that females choose mates based on these traits.

However, the deep learning also found subtle variation in females, matching Wallace's predictions about natural selection allowing diversity in female phenotypes.

Dr Hoyal Cuthill said: "Birdwings have been described as among the most beautiful butterflies in the world. This study gives us new insights into the evolution of their remarkable but endangered diversity.

"In this case study of birdwing butterfly photographs, it is sex that appears to have driven the greatest evolutionary change, including extreme male shapes, colours and patterns.

"However, within the group of birdwing butterflies, we found contrasting examples where female birdwing butterflies are more diverse in visible phenotype than males, and vice versa.

"High visible diversity among male butterflies supports the real-word importance of sexual selection from female mate choice on male variation, as originally suggested by Darwin.

"Cases where female butterflies are more visibly diverse than the males of their species, support an additional, important role for naturally selected female variation in inter-species diversity, as suggested by Wallace.

"Large-scale studies of evolution using machine learning offer new opportunities to resolve debates that have been outstanding since the founding of evolutionary science."
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Layers of carbonate provide insight into the world of the ancient Romans | ScienceDaily
Archaeologists face a major challenge when they intend to acquire information about buildings or facilities of which only ruins remain. This was a particular challenge for the remnants of the Roman water mills in Barbegal in Southern France, dating back to the 2nd century CE. This unique industrial complex consisted of 16 water wheels placed in parallel rows, eight on the east and eight on the west side, which were operated in a waterfall-like arrangement. Little could at first be deduced about the site from these now scant ruins -- except that the wheels were supplied by an aqueduct that brought water from the surrounding hills. A coin issued during the reign of the Emperor Trajan discovered in a basin above the mill complex as well as the structural characteristics of the site indicate that the mill was in use for about 100 years. However, the type of mill wheels, their function and how they were employed has remained a mystery until now.


						
Carbonate fragments provide remarkable information

Professor Cees W. Passchier and Dr. Gul Surmelihindi from Johannes Gutenberg University Mainz (JGU), in collaboration with colleagues from France and Austria, have now unraveled the history of the mill complex using calcium carbonate deposits that are now stored in the Archaeological Museum of Arles. These deposits had formed towards the end of the roughly 100-year operational life of the Barbegal water mills on the sides and base of the wooden supply system that conveyed the water to the wheels. "We show that it is possible to reconstruct to a large extent the history of a water mill on the basis of such carbonate deposits," stated Passchier, head of the JGU team. First, the researchers had to fit some of the total of 140 stored pieces together like a jigsaw puzzle, then they analyzed the layers using various techniques, including mass spectrometry.

Wooden water wheels and gutters were replaced

The researchers have now published their results in Geoarchaeology. "We were able to show, for example, that wooden water wheels and water channels had to be replaced after three to eight years. In at least one case, an old water wheel was replaced by a larger one," said Passchier. The researchers drew this conclusion from the unusual shape of the carbonate deposits that had formed in the water channel. While the lower and earlier layers indicate that water levels must have originally been relatively low, upper and later carbonate layers indicate a higher water level. The possibility that there was originally less water flowing through the water channel which was subsequently increased was rejected by the researchers. They established that -- for a gently sloping water channel and low water level -- the amount of water provided would not have been sufficient to drive a mill wheel. Therefore, the inclination of the water channel must have been altered, from what was at first a steeper angle with a low water level to a shallower slope transporting water at a correspondingly higher level. "The entire structure of this water mill must have been modified," said Passchier. "If you uplift the water channel alone, the water tends to splatter, losing the power to drive the wheel efficiently. Thus, when you uplift the water channel, you also need a larger water wheel." In fact, a section of carbonate deposit formed on the water wheel corroborates this conclusion as it does not contain all the carbonate layers but only those of the latter years of operation.

Results of isotope analysis provide evidence of the mill's service life

Using isotope analysis of the carbonate layers, the researchers were even able to ascertain the operating periods before which parts of the mill required renewal. Carbonate contains oxygen and the relative ratios of oxygen isotopes differ depending on water temperature. Based on the isotope composition in the carbonate layers, the researchers were able to infer water temperatures and thus identify the seasons in which the layers were deposited. They concluded that the carbonate from the samples in the Archaeological Museum in Arles had been deposited in the water channels over a period of seven to eight years. "The uppermost and thus youngest carbonate layer contains mollusk shells and fragments of wood, showing that the mill must have been abandoned by then and was disintegrating. The water continued to flow for a while so that carbonate deposits also continued to form, but maintenance of the water channels ceased," said Passchier.

The researchers were able to answer yet another question. It was not previously known whether the mills had been run in combination by a single operator or whether the 16 water wheels had been used independently of each other. Judging from the layers of three investigated water channels, which are clearly different from each other, the mills were in operation separately -- at least towards the end of their lifetime. Moreover, the western side of the complex was abandoned earlier than the eastern side. Finally, long pieces of carbonate from the water channels were later used as partition screens in a water basin for other industrial purposes after the mills had already been abandoned.
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Researchers identify unique survival strategies adopted by fish in the world's warmest waters | ScienceDaily
A team of researchers have identified unexpected ways coral reef fish living in the warmest waters on earth, in the Arabian Gulf, have adapted to survive extreme temperatures.


						
Led by Co-Principal Investigator at The Mubadala Arabian Center for Climate and Environmental Sciences (ACCESS) at NYU Abu Dhabi John Burt and Associate Research Professor, Hawaii Institute of Marine Biology Jacob Johansen, the team discovered adaptations in both metabolism and swimming abilities that help fish survive the conditions of the Arabian Gulf. Surprisingly, these fish did not follow leading theoretical predictions, which expected that the maximum size of fishes should be reduced due to limitations in metabolic oxygen-supply. Instead, these fishes demonstrated a capacity to maintain efficient oxygen supply to fuel performance even at elevated temperatures.

The warming of our oceans is anticipated to drastically affect marine life and the fishing industry, potentially upsetting entire ecosystems and economic structures reliant on these habitats. Current scientific models predict that by 2050, coral reef fishes could shrink by 14-39 percent in size due to increasing temperatures under climate change. The study's findings challenge the prevailing view that oxygen supply limitations in larger fishes are the main reason for smaller fish in warmer waters -- the so-called "shrinking of fishes phenomenon." The species observed did not follow this pattern, suggesting that other factors are also at play. The study proposes a new theory that the decrease in fish sizes and their survival in increasingly warm oceans might be more closely related to an imbalance between how much energy fish species can obtain and how much they need to sustain themselves.

In the paper titled "Impacts of ocean warming on fish size reductions on the world's hottest coral reefs" published in the journal Nature Communications, the researchers compared two species of fishes, Lutjanus ehrenbergii and Scolopsis ghanam, surviving under the elevated temperatures within the Arabian Gulf to those of similar age living in the cooler, more benign conditions in the nearby Gulf of Oman. Specifically, the researchers set out to determine what qualities reef fishes in the Arabian Gulf have that enable them to survive there, where typical summer water temperatures are comparable to worst-case ocean warming projections for many tropical coral reefs globally by 2100.

"The hottest coral reefs in the world are an ideal natural laboratory to explore the future impact of rising water temperatures on fishes. Our findings indicate that some fish species are more resilient to climate change than previously understood and help explain why smaller individuals are evolutionarily favored at high temperatures," said Burt. "This has significant implications for our understanding of the future of marine biodiversity in a continuously warming world."
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Degradation of cell wall key in the spread of antibiotic resistance | ScienceDaily
A study at Umea University, Sweden, provides new clues in the understanding of how antibiotic resistance spreads. The study shows how an enzyme breaks down the bacteria's protective outer layer, the cell wall, and thus facilitates the transfer of genes for resistance to antibiotics.


						
"You could say that we are adding a piece of the puzzle to the understanding of how antibiotic resistance spreads between bacteria," says Ronnie Berntsson, Associate Professor at Umea University and one of the authors behind the study.

The Umea researchers have studied Enterococcus faecalis, which is a bacterium that often causes hospital infections, where in many cases treatment with antibiotics no longer bites because the bacteria have developed resistance. These bacteria can also spread the resistance further via the type 4 secretion systems, T4SS. It is a kind of protein complex that acts as a copying device, allowing properties in the form of genetic material to be spread to other bacteria. Resistance to antibiotics is one such trait that can be moved between bacteria with the help of T4SS.

An important part of T4SS is the enzyme PrgK, which breaks down the bacterial cell wall and thus facilitates the transfer of properties between bacteria. This enzyme has three parts or domains, LytM, SLT, and CHAP.

PrgK works like scissors that cut into the bacterial cell wall. Contrary to what the researchers previously thought, it turned out that only the SLT domain was active, but in a different way than expected. The other two domains instead turned out to have an important role in the regulation of the enzyme. The researchers also identified that another T4SS protein, PrgL, binds to PrgK and ensures that it ends up in the right place in the protein machinery.

"The findings are important for continued research into how to prevent T4SS from transferring properties such as resistance to antibiotics to other bacteria," says Josy ter Beek, Staff scientist at Umea University.

The study has been conducted through a combination of biochemical analyses of the protein linked to functional studies in vivo, and supplemented with structural studies of PrgK using both X-ray crystallography and AlphaFold modelling.
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Researchers thwart resistant bacteria's strategy | ScienceDaily
Antibiotic resistant bacteria are experts in evolving new strategies to avoid being killed by antibiotics.


						
One such bacterium is Pseudomonas aeruginosa, which is naturally found in soil and water, but also hospitals, nursing homes and similar institutions for persons with weakened immune systems are home for strains of this bacterium. As many P. Aeruginosa strains found in hospitals are resistant to most antibiotics in use, science is forced to constantly search for new ways to kill them.

Now, at team of researchers from Department of Biochemistry and Molecular Biology and Department of Clinical Microbiology, University of Southern Denmark, have discovered a weakness in P. Aeruginosa with the potential to become the target for a new way to attack it. The team has published their findings in the journal Microbiology Spectrum. The authors are Clare Kirkpatrick, Magnus Z. Ostergaard, Flemming D. Nielsen and Mette H. Meinfeldt.

Thick and slimy biofilm

The team discovered a mechanism, that reduces the formation of biofilm on the surface of P. Aeruginosa. The formation of sticky, slimy biofilm is a powerful tool used by bacteria to protect themselves against antibiotics -- a trick also used by P. Aeruginosa.

"This biofilm can be so thick and gooey that antibiotic cannot penetrate the cell surface and reach its target inside the cell," said Clare Kirkpatrick, head of research at Department of Biochemistry and Molecular Biology, adding:

"Maybe one day, we could pharmacologically stimulate this mechanism to reduce biofilm development on the surface of P. Aeruginosa."

Three new genes




Specifically, the researchers worked with three newly discovered genes in a lab-grown strain of P. Aeruginosa. When they overexpressed these genes, they saw a strong reduction of biofilm. Of significance is that the system affected by the genes is part of the P. Aeruginosa core genome, meaning that it is universally found in all the P. Aeruginosa strains sequenced so far.

"Being part of P. Aeruginosa's core genome, this system has been found in all investigated strains of P. Aeruginosa, including a large variety of strains isolated from patients. So, there is reason to believe that reduction of biofilm via this system should be effective in all known strains of P. Aeruginosa", said Clare Kirkpatrick.

Bacteria strains can evolve individually and mutate quickly and constantly when they are under pressure. It is not uncommon for patients infected with a P. Aeruginosa strain to initially respond well to antibiotic treatment but then become resistant as the strain evolves resistance during treatment. Strains mutate, but their common core genome does not change.

Stressing the cell wall

In their experiments, the researchers activated the biofilm reducing system by overexpressing genes. But they also discovered that the system is naturally stimulated by cell wall stress.

"So, if we stress the cell wall, it may naturally lead to a reduction in biofilm, making it easier for antibiotic to penetrate the cell wall," said Clare Kirkpatrick, adding:

"Currently, cell wall-targeted drugs are not widely used against P. Aeruginosa, but perhaps, they could start to be used as additives to help reduce biofilm production and improve access of the existing antibiotics to the cells."




Bacteria cell wall is very different from human cell wall

When combating infectious bacteria, there are only a limited number of targets to attack. Targets found in both bacterial and human cells cannot be attacked, as the antibiotics would also affect human cells.

Bacterial cells and human cells have some targets in common, such as the process that replicates DNA and the processes controlling basic glucose metabolism or respiration in cells.

Among the targets unique to bacteria are various protein functions and also the bacterial cell wall is considered a suitable target, as it is very different from the human cell wall.
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The evidence is mounting: humans were responsible for the extinction of large mammals | ScienceDaily
The debate has raged for decades: Was it humans or climate change that led to the extinction of many species of large mammals, birds, and reptiles that have disappeared from Earth over the past 50,000 years?


						
By "large," we mean animals that weighed at least 45 kilograms -- known as megafauna. At least 161 species of mammals were driven to extinction during this period. This number is based on the remains found so far.

The largest of them were hit the hardest -- land-dwelling herbivores weighing over a ton, the megaherbivores. Fifty thousand years ago, there were 57 species of megaherbivores. Today, only 11 remain. These remaining 11 species have also seen drastic declines in their populations, but not to the point of complete extinction.

A research group from the Danish National Research Foundation's Center for Ecological Dynamics in a Novel Biosphere (ECONOVO) at Aarhus University now concludes that many of these vanished species were hunted to extinction by humans.

Many different fields of research

They present this conclusion in a review article invited by and published in the scientific journal Cambridge Prisms: Extinction. A review article synthesizes and analyses existing research within a particular field.

In this case, the researchers from Aarhus University incorporated several research fields, including studies directly related to the extinction of large animals, such as:

- The timing of species extinctions




- The animals' dietary preferences

- Climate and habitat requirements

- Genetic estimates of past population sizes

- Evidence of human hunting

Additionally, they included a wide range of studies from other fields necessary to understand the phenomenon, such as:

- Climate history over the past 1-3 million years

- Vegetation history over the past 1-3 million years




- Evolution and dynamics of fauna over the past 66 million years

- Archaeological data on human expansion and lifestyle, including dietary preferences

Climate change played a lesser role

The dramatic climate changes during the last interglacial and glacial periods (known as the late Pleistocene, from 130,000 to 11,000 years ago) certainly affected populations and distributions of both large and small animals and plants worldwide. However, significant extinctions were observed only among the large animals, particularly the largest ones.

An important observation is that the previous, equally dramatic ice ages and interglacials over the past couple of million years did not cause a selective loss of megafauna. Especially at the beginning of the glacial periods, the new cold and dry conditions caused large-scale extinctions in some regions, such as trees in Europe. However, there were no selective extinctions of large animals.

"The large and very selective loss of megafauna over the last 50,000 years is unique over the past 66 million years. Previous periods of climate change did not lead to large, selective extinctions, which argues against a major role for climate in the megafauna extinctions," says Professor Jens-Christian Svenning. He leads ECONOVO and is the lead author of the article. He adds, "Another significant pattern that argues against a role for climate is that the recent megafauna extinctions hit just as hard in climatically stable areas as in unstable areas."

Effective hunters and vulnerable giants

Archaeologists have found traps designed for very large animals, and isotope analyses of ancient human bones and protein residues from spear points show that they hunted and ate the largest mammals.

Jens-Christian Svenning adds, "Early modern humans were effective hunters of even the largest animal species and clearly had the ability to reduce the populations of large animals. These large animals were and are particularly vulnerable to overexploitation because they have long gestation periods, produce very few offspring at a time, and take many years to reach sexual maturity."

The analysis shows that human hunting of large animals such as mammoths, mastodons, and giant sloths was widespread and consistent across the world.

It also shows that the species went extinct at very different times and at different rates around the world. In some local areas, it happened quite quickly, while in other places it took over 10,000 years. But everywhere, it occurred after modern humans arrived, or in Africa's case, after cultural advancements among humans.

...in all types of environments

Species went extinct on all continents except Antarctica and in all types of ecosystems, from tropical forests and savannas to Mediterranean and temperate forests and steppes to arctic ecosystems.

"Many of the extinct species could thrive in various types of environments. Therefore, their extinction cannot be explained by climate changes causing the disappearance of a specific ecosystem type, such as the mammoth steppe -- which also housed only a few megafauna species," explains Jens-Christian Svenning. "Most of the species existed under temperate to tropical conditions and should actually have benefited from the warming at the end of the last ice age."

Consequences and recommendations

The researchers point out that the loss of megafauna has had profound ecological consequences. Large animals play a central role in ecosystems by influencing vegetation structure (e.g., the balance between dense forests and open areas), seed dispersal, and nutrient cycling. Their disappearance has resulted in significant changes in ecosystem structures and functions.

"Our results highlight the need for active conservation and restoration efforts. By reintroducing large mammals, we can help restore ecological balances and support biodiversity, which evolved in ecosystems rich in megafauna," says Jens-Christian Svenning.

FACTS: The numbers of extinct and surviving species come from the freely accessible database PHYLACINE 1.2.1, which lists all known mammals that have lived in the past 129,000 years, including those that have gone extinct recently or are only found in captivity.
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Novel spectroscopy technique sheds light on NOx reduction | ScienceDaily
When power plants burn fossil fuels at high temperatures, nitrogen and oxygen molecules break apart and then recombine to form a class of compounds called nitrogen oxides, or NOx. These gasses are major pollutants and contribute to -- among other things -- acid rain and global warming.


						
One way to curb such emissions is with a catalytic converter, similar to what's used in a vehicle.

"The catalytic converter injects ammonia into the plant's emissions stream, and the hydrogen in the ammonia reacts with the oxygen in the NOx, and the products are nitrogen and water molecules, which are nontoxic and have no environmental impact," says Israel E. Wachs, the G. Whitney Snyder Professor of Chemical and Biomolecular Engineering at Lehigh University and Director of the Operando Molecular Spectroscopy and Catalysis Research Lab.

The process that can convert pollution into benign by-products is called selective catalytic reduction, or SCR. Until now, it has been unclear how this reaction actually occurs, and contradictions have long existed between reaction models within the literature. Wachs and his team used a novel, cutting-edge technology called modulation excitation spectroscopy, or MES, to finally identify the correct pathway. Their results were recently published in Nature Communications.

"Very few people have this capability at the moment," says Wachs, referring to MES. "It allowed us to monitor weak signals that were not detectable in the past, and revealed the details of how the reaction proceeded."

The finding is significant because having the right reaction model can indicate how to modify or redesign the catalytic converter for greater efficiency.

Wachs points out that the methodology is general enough that it can be applied across a range of catalytic reactions, including those emitting NOx from automobiles, ships, tractors, and even riding lawn mowers.

"The products that catalysts manufacture represent 20 to 30 percent of the American economy," says Wachs. "They're used to make fuel, chemicals, fertilizers, and even pharmaceuticals. Having the hard data that shows the correct reaction mechanism means we now have the potential to positively impact thousands of catalytic reactions.
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Choose where to plant energy crops wisely to minimise loss of biodiversity | ScienceDaily
In the fight to protect biodiversity and limit climate change, the world will reap what it sows, say researchers from the University of Surrey.


						
Energy crops can be used for heat, electricity and even biofuels like bioethanol. They will become more important as the world transitions away from fossil fuels. In a new study, researchers from Surrey have shown that where you choose to plant energy crops makes a big difference to biodiversity.

A detailed analysis has shown that planting energy crops on existing agricultural land in places like China and Central Europe could minimise harm to biodiversity compared to planting them elsewhere. Planting in these locations could then allow agricultural land in other places to be restored to natural habitats, maximising the benefits to biodiversity.

Sophie Tudge, who carried out the research at Surrey's Centre for Environment and Sustainability, said:

"Our study suggests that, as far as biodiversity is concerned, it is always best to restore farmland to nature rather than re-plant it with energy crops.

"Yet, we are realists. In the future, more fuel will come from crops, and it is far better to plant them on existing farms than destroy remaining natural habitats. We have shown that where you plant those crops makes a huge difference to how many species continue to thrive."

When farmland is restored to nature, it creates new habitats for many species. Using that land to plant energy crops instead can be a missed opportunity to improve biodiversity.




Given that energy crops need to be planted somewhere, researchers calculated which locations would have the smallest net impact on biodiversity.

They studied which habitats contained the richest mix of species. They then compared that information with maps of land use and information about where energy crops could produce the biggest yields.

The researchers found that the harm to biodiversity could be minimised in places like Central Europe and the east coasts of the USA and China.

However, other factors will also be important when choosing where to plant, including food security, incentives for farmers, and surrounding energy infrastructure.

The study is published in the Journal of Applied Ecology. 

It helps promote UN Sustainability Goals 7 (affordable and clean energy), 13 (climate action) and 15 (life on land).
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Everybody needs good neighbors: Resident quolls help newcomers settle in at Mulligans Flat | ScienceDaily
GPS tracking collars have revealed how newly reintroduced eastern quolls are settling in at Mulligans Flat Woodland Sanctuary, with quolls who were born at the sanctuary accepting their new neighbours with open paws.


						
The findings come from a new study led by researchers at The Australian National University (ANU).

Lead author Dr Belinda Wilson said the results are "welcome news."

"We're at capacity at Mulligans Flat, so if we bring in new quolls for their fresh genetics, it's important for us to know whether they'll be absorbed into the population, or excluded," she said.

"Thankfully, the new quolls were accepted, even sharing dens with the other residents. It was sweet to see."

Dr Wilson and her team placed tiny GPS collars on eight newcomers and eight resident quolls.

This provided invaluable data on how the quolls moved throughout the landscape, and how they interacted with each other.




"While the new quolls initially moved around the entirety of Mulligans Flat, over time the distances they travelled became smaller and they settled into similar-sized home ranges to the residents, possibly because of the 'anchoring' effect of their neighbours," Dr Wilson said.

"We had a particular den that we referred to as the 'megaden'. At one point we had seven of the quolls hanging out there together. That showed up as an area of high activity on our maps."

Eastern quolls are a carnivorous marsupial that became extinct on the Australian mainland in the 1960s.

In a partnership between ANU, ACT Government, and the Woodlands and Wetlands Trust, the eastern quolls were reintroduced into Mulligans Flat in 2016.

"Even though eastern quolls are known to be solitary, we now know that reintroducing them into the same area as residents can actually help them stick," Dr Wilson said.

"As we manage the population and bring 'fresh blood' into the sanctuary to avoid inbreeding, we'll also send some of our extra quolls to our sister sanctuaries -- that way Mulligans Flat can contribute to eastern quoll recovery across Australia's growing network of sanctuaries."
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How researchers are using digital city-building games to shape the future | ScienceDaily
Lancaster University researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape.


						
They say, in their new research, that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future.

They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

The researchers have modified Colossal Order's game 'Cities: Skylines' where players control zones, public services and transportation.

Real-world buildings and models can be imported into the game to create realistic cities and inform planning.

Players can manage education, police and fire services, health and even set tax policies, amongst other realistic simulations. The game dashboard even measures how happy citizens are!

Players must add infrastructure, manage power, water and think carefully about what is needed for their community.




Given that, according to Royal Town Planning Institute statistics, only 20% of younger people are interested in planning, the use of digital games, say the researchers, enables the public to 'play' real-world planning policies based on a 'real world' place, which creates a dialogue with planners.

Dr Paul Cureton and Professor Paul Coulton, from ImaginationLancaster, Lancaster University's design-led laboratory, share their research in an open access article 'Game Based Worldbuilding: Planning, Models, Simulations and Digital Twins' published in Acta Ludologica, the peer reviewed scientific journal in the field of games and digital games.

Their research, funded by the Digital Planning Programme, Department for Levelling Up, Housing and Communities (DLUHC), cites a lack of public interest in planning issues and a need for 'urgent change' given, what they say, is a general lack of public interest in planning processes.

Gaming technology has been used in 3D planning models and what is called City Information Models (CIMs), and Urban Digital Twins (UDTs). Urban digital twins are virtual replica systems of an environment that are connected to real-world sensors such as traffic or air quality to enhance public participation and engagement in the planning process and generate future scenarios.

But, say the researchers, while this is a good step forward, the use of gaming technology for real-world applications is 'one-directional and misses opportunities' to include game design and research, such as mechanics, dynamics, flow, and public participatory' world-building' for future scenarios.

They believe the technology can be used for higher levels of 'citizen engagement' by making the process more enjoyable.




The method, they add, is cost-effective and can be rolled out across the UK by any local authority.

They have already conducted gaming workshops playtesting alongside Lancaster City Council with 140 children to 'play' and plan Lancaster in the UK, in an area to be developed along with Lancashire County Council and national house builder Homes England, previously earmarked for development as a new garden village for 5,000 homes.

Digital games have a long tradition of providing simulations of various systems of human activities, such as politics, culture, society, environment, and war. Urban planning has been simulated through various city-building games such as the Summer Game (1964), EA Games, SimCity (1989), and Colossal Order's Cities Skylines (2015, 2023), amongst many others.

While a range of future urban planning scenarios use gaming technology, they do not necessarily incorporate game design ideas such as mechanics and dynamics, levels, progress, flows and feedback as part of a game world, say the researchers.

And, they add, this needs to be more fully understood if such systems are to yield potential benefits in terms of citizen engagement more fully.

Dr Cureton and Professor Coulton created a reference tool for new planning models and ensuing case studies offer new insights into the opportunities for using game design and gaming technology in urban planning and digital transformation.

The article in Acta Ludologica develops an understanding of the role of worldbuilding games in urban planning, architecture, and design, developing a playable theoretical urban game continuum to illuminate both the various nuances of a range of precedents and scaffold future applications.

Cities and urban areas are complex systems, and games allow a player to explore the complexities of this landscape and simulate and model behaviour and realise scenarios.

Arguably, there is a restrictive incorporation of gaming technologies for real-world planning that misses opportunities to engage players in changing the rules of the system being replicated.

The researchers say this is much needed as new governments will look at what urgent change is required in planning if the shortfall in housing and stimulation of economic growth is to be addressed. To do this, planners will need support, skill development, and the tools to engage people.

Gaming technologies are intended for citizen participation and access, yet fundamental challenges remain unaddressed.

The Royal Town Planning Institute (RTPI) in the UK stated that : "Response rates to a typical pre-planning consultation are around 3% of those directly made aware of it. In Local Plan consultations, this figure can fall to less than 1% of a district."

Professor Paul Coulton is Chair of Speculative and Game Design at ImaginationLancaster and is internationally recognised for his speculative design work.

He says: "Whilst games and game playing are often dismissed as trivial or problematic they can serve as powerful tools in delivering information and understanding of how systems operate in a manner that can the lead to real world engagement in processes which previously seemed opaque."

Dr Paul Cureton is a Senior Lecturer in Design at ImaginationLancaster and a member of the Data Science Institute (DSI) whose work focuses on subjects in spatial planning, 3D GIS modelling and design futures.

He says: "Only 20% of 18-34-year-olds engaging in local plans, according to the Royal Town Planning Institute (2020). So few engage in how our spaces are being transformed, so there is space for gaming in this field to provide and help the public think like planners, play issues and use gaming tools for modelling future spaces."
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New findings may fix the replicability crisis in microbiome research | ScienceDaily
Our bodies are inhabited by trillions of microorganisms, with specific microbes unique to each individual. Through experimentation, scientists have pinpointed certain factors that account for variation in the gut: diet, living conditions, exercise and maternal line. Now, scientists at University of California San Diego have discovered another factor that affects the composition of the gut microbiome: time of day. In fact, the scientists have found that time of day is such an important factor that they're calling on the National Institutes of Health (NIH) to require researchers to report it in their papers.


						
In new work published in Nature Metabolism, the scientists report that daily fluctuations in the gut alter the microbiome so significantly that different bugs populate it in the morning and in the evening. That means that a researcher analyzing a stool sample collected at breakfast will reach radically different conclusions from a researcher analyzing a stool sample collected right before dinner. The UC San Diego scientists propose that this variability is keeping gut microbiome researchers from being able to replicate each other's experiments.

"Unexplained variability and lack of replicability may be due to the fact that the microbiome oscillates throughout the day, with different populations of microbes dominating at different times," said Amir Zarrinpar, M.D., Ph.D., gastroenterologist and associate professor of medicine at UC San Diego School of Medicine and senior author on the study. "We found that when a sample is taken can dramatically affect which microbes were present and the conclusions the scientists drew about the disease they were studying."

Scientists conduct experiments for many reasons. The traditional reason is to answer a specific question, but another reason is to make a discovery or arrive at a scientific truth that others can replicate with their own experiments. In gut microbiome research, scientists collect stool samples to discover which microorganisms are present, and in what amount. Then, they link those changes to disease processes.

For this study, the team compared computer analyses of previously published studies, including their own. They discovered that changes in the microbiome were so pronounced over time that they affected the results as much as diet did. "We found that in as little as four hours after a mouse eats breakfast, nearly 80 percent of its microbiome is different," said Zarrinpar. Analyzing the conclusions drawn in the studies, Zarrinpar and his team found that results and conclusions depended heavily on when the researchers collected the samples.

Zarrinpar was inspired to conduct this study by a conversation he had with a colleague. "He told me that a postdoc in his lab took over an experiment that had been started by someone else. The postdoc couldn't replicate any of the previous trainee's findings. That made him question his predecessor's research," said Zarrinpar. "Then the postdoc realized that a bacteria that was incredibly pervasive in his findings was one that appears late in the day. He went back to his lab and saw that the previous trainee liked to collect samples in the morning, while he himself collected samples before going home. That's why he couldn't replicate the first trainee's findings."

Being able to reproduce the results of a previous experiment -- replicability -- is a key element in knowing whether a finding reliably represents new knowledge about reality or is simply an artifact of the experiment. Microbiome research is currently experiencing a replicability crisis, in part because of the interdisciplinary nature of the field, the complicated relationship between microorganisms and their hosts, and the difficulty of controlling so many variables.




Zarrinpar believes that his team's newest findings about the significance of timing can help fix the replicability crisis in microbiome research. He explains, "If we're ever going to be able to communicate to each other about our science and what we think is going on in an effective way, then we need to understand that if you got different results than I did, maybe that could be due to the time that we're collecting samples or not. Right now, you can't even tell."

According to Zarrinpar, scientists in other fields, such as circadian biologists, have also been lobbying the NIH to be stricter about the need to report timing of sample collections. Zarrinpar is hoping that publication of this paper will convince more scientists -- and the people who fund and publish their research -- of the significance of timing and its possible effect on other fields as well, such as metabolism research.

Zarrinpar's next steps involve advocating for standardized guidelines that ensure consistency in microbiome sample collection times and methodology. "This will likely involve collaboration with other researchers, funding agencies and journal editors to promote the adoption of such standards," he said. His next paper focuses on understanding the impact of timing in humans -- a variable that's much more difficult to control.

This research was funded in part by the National Institutes of Health, the Soros Foundation, and the American Hospital Association.

Co-authors on the study include: Celeste Allaband, Amulya Lingaraju, Stephany Flores Ramos, Tanya Kumar, Haniyeh Javaheri, Maria D. Tiu, Ana Carolina Dantas Machado, Roland A. Richter, Emmanuel Elijah, Gabriel G. Haddad, Pieter C. Dorrestein, Rob Knight of University of California San Diego, and Vanessa A. Leone, University of Wisconsin-Madison.
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Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread | ScienceDaily
If you've ever snacked on raisins or enjoyed a glass of wine, you may, in part, have the extinction of the dinosaurs to thank for it. In a discovery described in the journal Nature Plants, researchers found fossil grape seeds that range from 60 to 19 million years old in Colombia, Panama, and Peru. One of these species represents the earliest known example of plants from the grape family in the Western Hemisphere. These fossil seeds help show how the grape family spread in the years following the death of the dinosaurs.


						
"These are the oldest grapes ever found in this part of the world, and they're a few million years younger than the oldest ones ever found on the other side of the planet," says Fabiany Herrera, an assistant curator of paleobotany at the Field Museum in Chicago's Negaunee Integrative Research Center and the lead author of the Nature Plants paper. "This discovery is important because it shows that after the extinction of the dinosaurs, grapes really started to spread across the world."

It's rare for soft tissues like fruits to be preserved as fossils, so scientists' understanding of ancient fruits often comes from the seeds, which are more likely to fossilize. The earliest known grape seed fossils were found in India and are 66 million years old. It's not a coincidence that grapes appeared in the fossil record 66 million years ago-that's around when a huge asteroid hit the Earth, triggering a massive extinction that altered the course of life on the planet. "We always think about the animals, the dinosaurs, because they were the biggest things to be affected, but the extinction event had a huge impact on plants too," says Herrera. "The forest reset itself, in a way that changed the composition of the plants."

Herrera and his colleagues hypothesize that the disappearance of the dinosaurs might have helped alter the forests. "Large animals, such as dinosaurs, are known to alter their surrounding ecosystems. We think that if there were large dinosaurs roaming through the forest, they were likely knocking down trees, effectively maintaining forests more open than they are today," says Monica Carvalho, a co-author of the paper and assistant curator at the University of Michigan's Museum of Paleontology. But without large dinosaurs to prune them, some tropical forests, including those in South America, became more crowded, with layers of trees forming an understory and a canopy.

These new, dense forests provided an opportunity. "In the fossil record, we start to see more plants that use vines to climb up trees, like grapes, around this time," says Herrera. The diversification of birds and mammals in the years following the mass extinction may have also aided grapes by spreading their seeds.

In 2013, Herrera's PhD advisor and senior author of the new paper, Steven Manchester, published a paper describing the oldest known grape seed fossil, from India. While no fossil grapes had ever been found in South America, Herrera suspected that they might be there too.

"Grapes have an extensive fossil record that starts about 50 million years ago, so I wanted to discover one in South America, but it was like looking for a needle in a haystack," says Herrera. "I've been looking for the oldest grape in the Western Hemisphere since I was an undergrad student."

But in 2022, Herrera and his co-author Monica Carvalho were conducting fieldwork in the Colombian Andes when a fossil caught Carvalho's eye. "She looked at me and said, 'Fabiany, a grape!' And then I looked at it, I was like, 'Oh my God.' It was so exciting," recalls Herrera. The fossil was in a 60-million-year-old rock, making it not only the first South American grape fossil, but among the world's oldest grape fossils as well.




The fossil seed itself is tiny, but Herrera and Carvalho were able to identify it based on its particular shape, size, and other morphological features. Back in the lab, they conducted CT scans showing its internal structure that confirmed its identity. The team named the fossil Lithouva susmanii, "Susman's stone grape," in honor of Arthur T. Susman, a supporter of South American paleobotany at the Field Museum. "This new species is also important because it supports a South American origin of the group in which the common grape vine Vitis evolved," says co-author Gregory Stull of the National Museum of Natural History.

The team conducted further fieldwork in South and Central America, and in the Nature Plants paper, Herrera and his co-authors ultimately described nine new species of fossil grapes from Colombia, Panama, and Peru, spanning from 60 to 19 million years old. These fossilized seeds not only tell the story of grapes' spread across the Western Hemisphere, but also of the many extinctions and dispersals the grape family has undergone. The fossils are only distant relatives of the grapes native to the Western Hemisphere and a few, like the two species of Leea are only found in the Eastern Hemisphere today. Their places within the grape family tree indicate that their evolutionary journey has been a tumultuous one. "The fossil record tells us that grapes are a very resilient order. They're a group that has suffered a lot of extinction in the Central and South American region, but they also managed to adapt and survive in other parts of the world," says Herrera.

Given the mass extinction our planet is currently facing, Herrera says that studies like this one are valuable because they reveal patterns about how biodiversity crises play out. "But the other thing I like about these fossils is that these little tiny, humble seeds can tell us so much about the evolution of the forest," says Herrera.

This study was authored by Fabiany Herrera (Field Museum), Monica Carvalho (University of Michigan), Gregory Stull (National Museum of Natural History, Smithsonian Institution), Carlos Jarramillo (Smithsonian Tropical Research Institute), and Steven Manchester (Florida Museum of Natural History, University of Florida).
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Melanin from cuttlefish ink as a sustainable biomass resource | ScienceDaily
Melanin is a ubiquitous compound in nature, produced by many organisms. However, its potential as a biomass resource to produce value-added chemicals and materials remains relatively unexplored. In a recent study, researchers from Japan investigated the chemical decomposition of melanin derived from cuttlefish ink and showcased its application in the synthesis of biopolymer films and particles. Their efforts will hopefully pave the way to the adoption of melanin upcycling.


						
Every year, the negative effects of human activities on the environment become increasingly clear. From climate change and microplastics to the endangerment and extinction of countless species, it is evident that we need to find new ways to achieve sustainability. Fortunately, many research groups in prominent fields like chemistry and materials science are tirelessly working to develop solutions to get us closer to circular and sustainable economies.

One area that has attracted much attention in this regard is biomass upcycling. It refers to the transformation of naturally available organic materials into valuable products, such as biofuels and bioplastics. While many scientific studies have focused on plant-derived biomass, such as cellulose fibers, the potential of melanin as a biomass resource remains understudied. One of the main reasons for this is that the decomposition of melanin -- a complex yet ubiquitous biopolymer -- needs to be further explored.

In a recent study published in ACS Sustainable Chemistry & Engineering, a research team led by Associate Professor Michinari Kohri from the Graduate School of Engineering at Chiba University, Japan, set out to address this knowledge gap. Using both artificially and naturally sourced melanin, they performed a detailed analysis of the decomposition of melanin and showcased its upcycling potential. Their paper, which was made available online on April 19, 2024, and published in Volume 12, Issue 18 of the journal on May 6, 2024, was co-authored by Mr. Takumi Morita and Prof. Keiki Kishikawa from the Graduate School of Engineering at Chiba University, Prof. Toshihiko Matsuura from the Laboratory of Biotechnology and Bioengineering at Hokkaido University of Education, and Prof. Hironori Izawa from the Faculty of Engineering at University of Miyazaki.

First, the researchers synthesized artificial melanin from polydopamine, obtaining a polymer that is structurally very similar to natural melanin. Using powdered samples as a model substance, they ran a series of decomposition tests under various conditions, followed by a series of analytical experiments on the resulting decomposition products.

Afterward, they repeated many of these tests on natural melanin, which they extracted from the ink sacs of cuttlefish. "From a resource perspective, the melanin concentrated in the ink sacs of cuttlefish and squid is easily recoverable natural melanin. The catch of squid and octopus has been increasing yearly and hovering around three million tons for the past few years," explains Dr. Kohri. Interestingly, the researchers found that both artificial and natural melanin were decomposed into pyrrole derivatives containing carboxylic acids. This result suggests that melanin derived from other renewable and easily accessible sources, such as insect exoskeletons, animal hair, or melanin-producing microorganisms, could be equally useful as a chemical precursor.

Finally, using the decomposition products obtained from artificial and natural melanin as raw materials, the researchers prepared various polymer films and particles. These experiments serve as a demonstration of the untapped potential of melanin in biomass upcycling. "Since melanin is naturally abundant biomass and eventually gets degraded by microorganisms, polymeric materials produced using melanin decomposition products are probably also biodegradable," highlights Dr. Kohri. "Biodegradable polymers can be disposed of without harming the environment, and thus, the proposed approach for making polymers from melanin decomposition products could lead to the development of sustainable materials."

Overall, the findings of this study could pave the way to the widespread adoption of melanin upcycling, which could ultimately help us protect the environment. "Just as research on cellulose biomass has advanced because cellulose can be extracted from a variety of underutilized plants, we hope our efforts bolster the use of melanin as a biomass resource," concludes Dr. Kohri, with eyes on the future.
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This desert moss has the potential to grow on Mars | ScienceDaily

"Our study shows that the environmental resilience of S. caninervis is superior to that of some of highly stress-tolerant microorganisms and tardigrades," write the researchers, who include ecologists Daoyuan Zhang and Yuanming Zhang and botanist Tingyun Kuang of the Chinese Academy of Sciences. "S. caninervis is a promising candidate pioneer plant for colonizing extraterrestrial environments, laying the foundation for building biologically sustainable human habitats beyond Earth."

A small number of previous studies have tested the ability of microorganisms, algae, lichens, and plant spores to withstand the extreme environments of outer space or Mars, but this is the first study to test whole plants.

Syntrichia caninervis is a common moss species with a widespread global distribution. It grows in remarkably extreme desert environments including Tibet, Antarctica, and the circumpolar regions as part of the biological soil crust -- a widespread and resilient type of ground cover often found in arid lands. Given the moss's ability to survive extreme environmental conditions, the researchers decided to test its limits in the lab.

To test the moss's cold tolerance, the researchers stored plants at [?]80degC (in an ultra-cold freezer) for 3 and 5 years and at [?]196degC (in a liquid nitrogen tank) for 15 and 30 days. In all cases, the plants regenerated when they were defrosted, though their rebound was less rapid compared to control specimens that had been dehydrated but not frozen, and plants that were not dehydrated prior to freezing rebounded more slowly than plants that were dried, then frozen.

The moss also demonstrated the ability to survive gamma radiation exposure that would kill most plants, and doses of 500 Gy even seemed to promote the plants' growth. For comparison, humans experience severe convulsions and death when exposed to around 50 Gy. "Our results indicate that S. caninervis is among the most radiation-tolerant organisms known," the researchers write.

Finally, the researchers tested the moss's ability to endure Mars-like conditions using the Chinese Academy of Sciences' Planetary Atmospheres Simulation Facility. The simulator's Martian conditions included air composed of 95% CO2, temperatures that fluctuated from [?]60degC to 20degC, high levels of UV radiation, and low atmospheric pressure. Dried moss plants achieved a 100% regeneration rate within 30 days after being subjected to the Martian conditions for 1, 2, 3, and 7 days. Hydrated plants, which were only subjected to the simulator for one day, also survived, though they regenerated more slowly than their desiccated counterparts.

"Although there is still a long way to go to create self-sufficient habitats on other planets, we demonstrated the great potential of S. caninervis as a pioneer plant for growth on Mars," the researchers write. "Looking to the future, we expect that this promising moss could be brought to Mars or the Moon to further test the possibility of plant colonization and growth in outer space."

This research was supported by the Chinese Academy of Sciences, the Leading Talents in Technological Innovation Program, and The Third Xinjiang Scientific Expedition Program.
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The beginnings of fashion | ScienceDaily
A team of researchers led by an archaeologist at the University of Sydney are the first to suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.


						
"Eyed needle tools are an important development in prehistory because they document a transition in the function of clothing from utilitarian to social purposes," says Dr Ian Gilligan, Honorary Associate in the discipline of Archaeology at the University of Sydney.

From stone tools that prepared animal skins for humans to use as thermal insulation, to the advent of bone awls and eyed needles to create fitted and adorned garments, why did we start to dress to express ourselves and to impress others?

Dr Gilligan and his co-authors reinterpret the evidence of recent discoveries in the development of clothing in their new paper, Paleolithic eyed needles and the evolution of dress.

"Why do we wear clothes? We assume that it's part of being human, but once you look at different cultures, you realise that people existed and functioned perfectly adequately in society without clothes," Dr Gilligan says. "What intrigues me is the transition of clothing from being a physical necessity in certain environments, to a social necessity in all environments.

The earliest known eyed needles appeared approximately 40,000 years ago in Siberia. One of the most iconic of Palaeolithic artefacts from the Stone Age, eyed needles are more difficult to make when compared to bone awls, which sufficed for creating fitted clothing. Bone awls are tools made of animal bones that are sharpened to a point. Eyed needles are modified bone awls, with a perforated hole (eye) to facilitate the sewing of sinew or thread.

As evidence suggests bone awls were already being used to create tailored clothes, the innovation of eyed needles may reflect the production of more complex, layered clothing, as well as the adornment of clothes by attaching beads and other small decorative items onto garments.




"We know that clothing up until the last glacial cycle was only used on an ad hoc basis. The classic tools that we associate with that are hide scrapers or stone scrapers, and we find them appearing and going away during the different phases of the last ice ages," Dr Gilligan explains.

Dr Gilligan and his co-authors argue that clothing became an item of decoration because traditional body decoration methods, like body painting with ochre or deliberate scarification, weren't possible during the latter part of the last ice age in colder parts of Eurasia, as people were needing to wear clothes all the time to survive.

"That's why the appearance of eyed needles is particularly important because it signals the use of clothing as decoration," Dr Gilligan says. "Eyed needles would have been especially useful for the very fine sewing that was required to decorate clothing."

Clothing therefore evolved to serve not only a practical necessity for protection and comfort against external elements, but also a social, aesthetic function for individual and cultural identity.

The regular wearing of clothing allowed larger and more complex societies to form, as people could relocate to colder climates while also cooperating with their tribe or community based on shared clothing styles and symbols. The skills associated with the production of clothing contributed to a more sustainable lifestyle and enhanced the long-term survival and prosperity of human communities.

Covering the human body regardless of climate is a social practice that has endured. Dr Gilligan's future work moves beyond the advent of clothing as dress and looks at the psychological functions and effects of wearing clothes.

"We take it for granted we feel comfortable wearing clothes and uncomfortable if we're not wearing clothes in public. But how does wearing clothes impact the way we look at ourselves, the way we see ourselves as humans, and perhaps how we look at the environment around us?"
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Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard | ScienceDaily
Hydrothermal vents are seeps on the sea floor from which hot liquids escape. "Water penetrates into the ocean floor where it is heated by magma. The overheated water then rises back to the sea floor through cracks and fissures. On its way up the fluid become enriched in minerals and materials dissolved out of the oceanic crustal rocks. These fluids often seep out again at the sea floor through tube-like chimneys called black smokers, where metal-rich minerals are then precipitated," explains Prof. Gerhard Bohrmann of MARUM and chief scientist of the MARIA S. MERIAN (MSM 109) expedition.


						
At water depths greater than 3,000 meters, the remote-controlled submersible vehicle MARUM-QUEST took samples from the newly discovered hydrothermal field. Named after Jotul, a giant in Nordic mythology, the field is located on the 500-kilometer-long Knipovich Ridge. The ridge lies within the triangle formed by Greenland, Norway and Svalbard on the boundary of the North American and European tectonic plates. This kind of plate boundary, where two plates move apart, is called a spreading ridge. The Jotul Field is located on an extremely slow spreading ridge with a growth rate of the plates of less than two centimeters per year. Because very little is known about hydrothermal activity on slow spreading ridges, the expedition focused on obtaining an overview of the escaping fluids, as well as the size and composition of active and inactive smokers in the field.

"The Jotul Field is a discovery of scientific interest not only because of its location in the ocean but also due to its climate significance, which was revealed by our detection of very high concentrations of methane in the fluid samples, among other things," reports Gerhard Bohrmann. Methane emissions from hydrothermal vents indicate a vigorous interaction of magma with sediments. On its journey through the water column, a large proportion of the methane is converted into carbon dioxide, which increases the concentration of CO2 in the ocean and contributes to acidification, but it also has an impact on climate when it interacts with the atmosphere. The amount of methane from the Jotul Field that eventually escapes directly into the atmosphere, where it then acts as a greenhouse gas, still needs to be studied in more detail. There is also little known about the organisms living chemosynthetically in the Jotul Field. In the darkness of the deep ocean, where photosynthesis cannot occur, hydrothermal fluids form the basis for chemosynthesis, which is employed by very specific organisms in symbiosis with bacteria.

In order to significantly expand on the somewhat sparse information available on the Jotul Field, a new expedition of the MARIA S. MERIAN will start in late summer of this year under the leadership of Gerhard Bohrmann. The focus of the expedition is the exploration and sampling of as yet unknown areas of the Jotul Field. With extensive data from the Jotul Field it will be possible to make comparisons with the few already known hydrothermal fields in the Arctic province, such as the Aurora Field and Loki's Castle.
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Ecologists reconstruct the history of biodiversity in the Indo-Australian archipelago and its rise as a hotspot | ScienceDaily
The Coral Triangle, also known as the Indo-Australian Archipelago, is renowned for having the greatest marine biodiversity on our planet. Despite its importance, the detailed evolutionary history of this biodiversity hotspot has remained largely a mystery. An international research team has now shed light on this history, reconstructing how biodiversity in the region has developed over the past 40 million years.


						
This study, co-led by Dr Skye Yunshu TIAN from the University of Bonn, who conducted the major part of the research at The University of Hong Kong (HKU), along with Professor Moriaki YASUHARA from HKU School of Biological Sciences, the Swire Institute of Marine Science (SWIMS) and Institute for Climate and Carbon Neutrality (ICCN), as well as Dr Fabien L. CONDAMINE of Centre National de la Recherche Scientifique (CNRS), has now been published in the journal Nature.

The researchers began their investigation by examining sediment samples from the Indo-Australian Archipelago in the laboratory and identifying the fossils they contained. "We wanted to understand how the marine biodiversity of the Indo-Australian Archipelago evolved and persisted, and what factors were responsible for the disproportionately high diversity in the tropics," said first author Skye Tian.

Their findings revealed that the archipelago had shown an increase in diversification since the early Miocene, around 20 million years ago. Approximately 2.6 million years ago, the number of species approached a plateau. Interestingly, there were no major extinction events during the entire study period. "The increase in diversity was primarily driven by the habitat factor, as tectonic collisions (movements of Earth's plates) in Southeast Asia created extensive areas of shallow marine habitats," Skye noted.

Around 14 million years ago, the region's thermal stress, or excessive heat, began to moderate. "This moderation was crucial for the development of the hotspot," Skye continued. "During the Eocene (56 to 34 million years ago), excessively high tropical temperatures in warm climate zones hindered the increase in diversity. The cooling after that allowed for a more favourable environment for biodiversity to flourish." However, this rich biodiversity could be at risk. "Our palaeobiological results suggest that we could quickly lose the fantastic diversity of the tropical hotspot if the ongoing anthropogenic warming intensifies." Skye added.

Professor Moriaki Yasuhara further elaborated: "This reconstruction of the long-term history of the Coral Triangle diversity hotspot enables us to better understand how diversity hotspot moved from 'Tethys (ancient Mediterranian region)' region to the present place of the Coral Triangle and developed there. These are what we didn't know too clearly before. And also our results tells us why Coral Triangle diversity is much higher than that of the Caribbean Sea, that is probably because the Coral Triangle didn't experience large extinction event by luck."
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Air pollution exposure during childhood linked directly to adult bronchitis symptoms | ScienceDaily
A new study brings fresh revelations about the connection between early-life exposure to air pollution and lung health later in life. A research team led by the Keck School of Medicine of USC has shown that exposure to air pollution during childhood is directly associated with bronchitis symptoms as an adult.


						
To date, many investigations in the field have established intuitive links that are less direct than that: Air pollution exposure while young is consistently associated with lung problems during childhood -- and childhood lung problems are consistently associated with lung issues as an adult.

The current study, published in the American Journal of Respiratory and Clinical Care Medicine, is one of only a few to show the direct connection between childhood air pollution exposure and adult lung health, a connection not fully explained by air pollution impacts on lung health during childhood. It opens the possibility of yet-to-be-understood factors explaining the path from early air pollution exposure to respiratory maladies many years later.

The team drew upon the USC Children's Health Study, a large-scale, decades-long study following cohorts of Southern Californians starting at school-age and, for many participants, continuing into adulthood. Importantly, the link between childhood air pollution exposure and adult bronchitis symptoms persisted even when the researchers adjusted for asthma or bronchitis symptoms early in life -- a finding that came as a surprise.

"We would expect that these observable impacts on childhood respiratory health would explain the relationship between childhood air pollution exposure and adult respiratory health," said corresponding author Erika Garcia, PhD, MPH, assistant professor of population and public health sciences at the Keck School of Medicine. "Our results suggest that childhood air pollution exposure has more subtle effects on our respiratory system that still impact us in adulthood."

Safeguarding lung health, now and later

The focus on exposure during youth is motivated in part by the fact that children are particularly vulnerable to the effects of air pollution. Their respiratory and immune systems are still developing and compared to adults, they breathe in more air relative to their body mass.




Ultimately the concern is twofold, for the health of young people today and for their future health when they grow up. Notably, among study participants with recent bronchitis symptoms as adults, average childhood exposure to a pollutant called nitrogen dioxide fell far below annual Environmental Protection Agency standards -- just a bit over half the limit that was set in 1971 and remains in place today.

"This study highlights the importance of lowering air pollution, and especially exposure during the critical period of childhood," Garcia said. "Because there's only so much that we can do as individuals to control our exposure, the need to protect children from the adverse effects of air pollution is better addressed at the policy level."

The study population comprised 1,308 Children's Health Study participants with an average age of 32 at their adult assessment. The researchers asked about recent bouts of bronchitis symptoms -- having either bronchitis, chronic cough, or congestion or phlegm production not associated with a cold. One-quarter of participants had experienced bronchitis symptoms within the previous 12 months.

Presence of bronchitis symptoms was associated with exposure between birth and age 17 to two types of pollutants. One type groups together tiny particles in the air such as dust, pollen, ash from wildfires, industrial emissions and products from vehicle exhaust. The other, nitrogen dioxide, is a byproduct of combustion in automobiles, planes, boats and power plants that is known to hurt lung function.

Long-running health research proves vital to igniting discovery

For as comprehensive an analysis as possible, average pollutant exposure over childhood was based on month-by-month estimates. The researchers matched up family home address at each time point with contemporaneous local air quality measurements taken by the EPA and through the Children's Health Study.




"We're fortunate to have this fantastic and nuanced longitudinal study," Garcia said. "We can learn a lot about how earlier experiences impact adult health. That's thanks to a long-term team effort from the participants themselves, their families, the schools they attended and all the research staff and investigators who conducted interviews and generated and analyzed data over the years."

The current study included additional analyses to rule out factors such as prenatal exposure to nitrogen dioxide, current air pollution exposure as adults and the effects of socioeconomic status in childhood or adulthood as drivers of bronchitis symptoms in adults.

Pollution exposure in youth may hurt lung health for some more than others

Garcia and her colleagues also found that the effect of nitrogen dioxide and particulate matter exposure during childhood on bronchitis symptoms among adults was stronger for those who had been diagnosed with asthma as kids.

"There may be a subpopulation that is more sensitive to the effects of air pollution," Garcia said. "We may want to be especially careful to protect them from exposure, so we can improve their outcomes later in life. Reducing air pollution would have benefits not only for current asthma in children but also for their respiratory health as they grow into adulthood."

She and her colleagues are following up to examine how the level of air pollution exposure at different ages during youth influences breathing issues as an adult. Other future research directions building on the current study's results could include looking into other markers of childhood and adult respiratory health, such as how well asthma was controlled, or exploring a potential genetic component.

About this study

The study's co-authors are Zoe Birnhak, Scott West, Steve Howland, Rob McConnell, Shohreh. Farzan, Theresa Bastain, Rima Habre and Carrie Breton, all of the Keck School of Medicine; and Frederick Lurmann and Nathan Pavlovic of the environmental consulting firm Sonoma Technology.

This research received support from the National Institutes of Health (UH3OD023287, P30ES007048).
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        Clever pupils don't need to attend academically selective schools to thrive, study finds
        New findings challenge the idea that academically selective schools are necessary for clever pupils to achieve good outcomes.

      

      
        High ceilings linked to poorer exam results for university students
        Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.

      

      
        What was behind the 2021-2022 energy crisis within Europe?
        A team of researchers had already been working with electricity price data for years before Russia's invasion of Ukraine, exploring statistics and developing forecasting methods. Now they zero in on how prices in different countries relate and how countries were affected by the energy crisis and address the interdependencies of different markets. Their approach combines statistical physics and network science, identifying communities and the fundamental spatiotemporal patterns within the electric...

      

      
        Study explores what motivates people to watch footage of disasters and extreme weather
        The release in July 2024 of the blockbuster film Twisters (centred around a social-media celebrity storm-chaser) demonstrates an ongoing public fascination in hazards and extreme weather. The arrival of camera and streaming technologies have made it easier to collect and share such footage in recent years, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord. Now, a new study has analyzed what might be motivating people to watch these streams --...

      

      
        'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness
        A new study shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.

      

      
        Watching others' biased behavior unconsciously creates prejudice
        We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists, who show for the first time that observational learning is an important mechanism of prejudice formation.

      

      
        Crucial gaps in climate risk assessment methods
        Researchers have uncovered significant flaws in current climate risk assessment techniques that could lead to a severe underestimation of climate-related financial losses for businesses and investors.

      

      
        True scale of carbon impact from long-distance travel revealed
        The reality of the climate impact of long-distance passenger travel has been revealed in new research.

      

      
        Spotted apex predator being pressured by spotted pack hunters -- and it's our fault
        Leopards, who are already in decline, can't keep up with hyenas when people are around. As we humans move into the their territories more and more, we are helping to disturb and unbalance ecosystems. This has been shown in a new study where researchers used camera traps to observe both large carnivore species.

      

      
        Tax on antibiotics could help tackle threat of drug-resistance
        Taxing certain antibiotics could help efforts to tackle the escalating threat of antibiotic resistance in humans, according to a new study.

      

      
        How researchers are using digital city-building games to shape the future
        Researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape. They say that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future. They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

      

      
        The beginnings of fashion
        A team of researchers suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.

      

      
        A few surgical procedures account for high number of opioid prescriptions
        A handful of common surgical procedures account for large shares of all opioids dispensed after surgery in children and adults.

      

      
        Drowning in waste: Pollution hotspots in aquatic environments
        A new study explores waste management systems and reveals that achieving zero waste leakage by 2030 is unlikely, potentially jeopardizing related Sustainable Development Goals. The authors emphasize the need for global cooperation, particularly across four regions, to responsibly manage waste disposal.

      

      
        Analysis suggests 2021 Texas abortion ban resulted in increase in infant deaths in state in year after law went into effect
        Researchers use statistical modeling to estimate infant deaths expected if one of the country's most stringent state abortion laws had not been enacted. The study estimates that infant deaths in Texas increased more than expected in the year following the state's 2021 ban on abortion in early pregnancy, especially among infants with congenital anomalies.

      

      
        No more stressing out over structural formulas
        Structural formulas are a source of dread for many students, but they're an essential tool in biology lessons. A study has now shown that the stress levels of students working with chemical formulas are significantly reduced if they are given simple tips on how to deal with these formulas.

      

      
        Just 4% of teen academy prospects play elite soccer (football)
        Just four per cent of talented teen academy prospects make it to the top tier of professional football, a new study has shown. A sample of nearly 200 players, aged between 13-18, also revealed only six per cent of the budding ballers even go on to play in lower leagues.

      

      
        Cheaper, more convenient method to detect asbestos
        Transmission electron microscopy (TEM) has long been the gold standard for detecting asbestos fibers in air samples drawn at construction sites. But researchers have found that a cheaper, less labor-intensive method, scanning electron microscopy (SEM), can work just as well in most cases. The new finding could help reduce the estimated $3 billion spent on asbestos remediation in this country every year.

      

      
        Lie-detection AI could provoke people into making careless accusations, researchers warn
        Although people lie a lot, they typically refrain from accusing others of lying because of social norms around making false accusations and being polite. But artificial intelligence (AI) could soon shake up the rules. Researchers demonstrate that people are much more likely to accuse others of lying when an AI makes an accusation. The finding provided insights into the social implications of using AI systems for lie detection, which could inform policymakers when implementing similar technologies...

      

      
        Neighborhood opportunities influence infant development and cognition
        Researchers find that growing up in neighborhoods with more educational and socioeconomic opportunities has a positive impact on infants' brain activity.

      

      
        US Clean Water Act leaves about 55% of water flowing out of rivers vulnerable to pollution
        The Supreme Court ruled last year that rivers that only flow in response to weather events -- called ephemeral streams -- do not fall under the protection of the Clean Water Act. New research suggests that this now leaves many U.S. waterways vulnerable to pollution.

      

      
        New, holistic way to teach synthetic biology
        Synthetic biology combines principles from science, engineering and social science, creating emerging technologies such as alternative meats and mRNA vaccines; Deconstructing synthetic biology across scales gives rise to new approach to uniting traditional disciplines; Case studies offer a modular, accessible approach to teaching at different institutions.

      

      
        Climate change and sea level rise pose an acute challenge for cities with combined sewer systems
        Older coastal cities, like Philadelphia, New York and Boston are at risk of being inundated by untreated sewage during floods. Due in part to the design of their combined sewer systems and in part due to sea level rise, these cities could be facing a growing public health crisis as climate change also drives more extreme precipitation. The group recently published research that modeled the potential extent of the problem in a section of the coastal city of Camden, New Jersey, and the effectivenes...
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Clever pupils don't need to attend academically selective schools to thrive, study finds | ScienceDaily

Selective schools are government-funded schools that enrol only the highest performing students. Pupils take a standardized entrance exam, from which the best-scoring are enrolled.

Some argue that selective schools are necessary for bright pupils to reach their full academic potential. Selective schools can outperform or perform just as well as elite schools in final year exams, but without the high fees charged to parents. Hence, selective schools can offer a means for children from low socioeconomic backgrounds to receive a first-class education.

However, others argue that selective schools disproportionately benefit high socioeconomic children whose parents can afford private tutoring to prepare them for the entrance exams.

"Studies show that parents wish to enrol their children into selective schools, because they believe it will increase the chances of their children getting into a prestigious university, and securing a well-paid and high-status job," says Melissa Tham, a research fellow at the Mitchell Institute at Victoria University, Melbourne, Australia.

To find out whether there are benefits associated with selective schools, Tham and her colleagues Shuyan Huo, and Andrew Wade tracked almost 3000 pupils from the Longitudinal Surveys of Australian Youth (LSAY), a nationally representative survey program that follows young Australians over an 11-year period. The survey started when respondents were aged 15 in 2009.

As expected, the selective schools featured in the study had a higher proportion of academically high-achieving students, as measured by mathematics and reading scores.




However, at ages 19 and 25 there was little difference between the educational and employment outcomes of children who attended selective schools versus non-selective schools. For example, the study found that while 81% of selective school students went on to secure a job or university place at 19 compared to 77.6% of pupils from non-selective schools, this difference disappeared when the students were matched on key characteristics, including socioeconomic background, gender, and geographical location.

At age 25, all outcomes between selective and non-selective school students were not significant, except general life satisfaction. Attending a selective school increased a student's general life satisfaction score by just 0.19 points. Meanwhile, students who attended non-selective school were just as likely to go on to study at university or secure a job as their peers who attended selective schools.

"These very modest findings indicate that attending an academically selective school does not appear to pay off in large benefits for individuals," says Andrew Wade, co-author of the study.

"We argue that academically selective schools in the government sector therefore contradicts the principles of inclusive and equitable education which underpin Australia's school system."

According to the authors, the findings suggest that more research is needed to determine whether selective schools offer any benefit to academically able students.

"Rather than tweak some aspects of the enrolment processes, we see greater value in conducting a thorough and critical examination of fully and partially selective schools, and scaling back selectivity if the supposed benefits are not found," says Huo.
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High ceilings linked to poorer exam results for university students | ScienceDaily
Ever wondered why you performed worse than expected in that final university exam that you sat in a cavernous gymnasium or massive hall, despite countless hours, days and weeks of study? Now you have a genuine reason -- high ceilings.


						
New research from the University of South Australia and Deakin University has revealed a link between rooms with high ceilings and poorer examination results.

A study published in the Journal of Environmental Psychology, led by architecture and psychology-trained UniSA researcher Dr Isabella Bower in collaboration with educational psychology researcher Associate Professor Jaclyn Broadbent from Deakin University, demonstrates that building design impacts our ability to perform tasks.

Dr Bower and her team analysed data from 15,400 undergraduate students between 2011-2019 across three campuses at an Australian university, comparing students' exam results with ceiling heights of the room in which they sat the examination.

After considering individual student differences and their prior performance in coursework, they found that students had lower scores than expected when sitting exams in rooms with an elevated ceiling.

The researchers factored in the students' age, sex, time of year when sitting the examination, and whether they had prior exam experience in the courses investigated.

Dr Bower says it is difficult to identify whether this is due to the scale of the room itself, or factors such as student density or poor insulation, which in turn lead to fluctuating temperatures and air quality -- all factors that can affect the brain and body.




"These spaces are often designed for purposes other than examinations, such as gymnasiums, exhibitions, events and performances," Dr Bower says.

"The key point is that large rooms with high ceilings seem to disadvantage students and we need to understand what brain mechanisms are at play, and whether this affects all students to the same degree."

The results support experiments that Dr Bower has done using virtual reality (VR), measuring brain activity of participants exposed to different rooms, while controlling for other factors such as temperature, lighting and noise.

Using a technique called electroencephalography (EEG), where electrodes are attached to the scalp to measure brain cell communication, her team altered room sizes, while recording the brain's response. They also measured heart rate, breathing and perspiration, revealing if someone could unconsciously detect a change to the environment.

In these VR experiments, they found that simply sitting in a bigger room resulted in brain activity associated with concentrating on a difficult task. This led them to question if task performance in large spaces is reduced.

"Based on these results we were curious to apply our lab findings to a real-world dataset and see if being in a large space like a gymnasium while having to concentrate on an important task would result in a poorer performance," Dr Bower says.

"Examinations have been a key part of our education system for over 1300 years, shaping students' career paths and lives," says Assoc Prof Jaclyn Broadbent.

In Australia, many universities and schools use large indoor spaces for exams to streamline logistics and costs. It's crucial to recognise the potential impact of the physical environment on student performance and make necessary adjustments to ensure all students have an equal opportunity to succeed," she says.

"These findings will allow us to better design the buildings in which we live and work, so we can perform to the best of our ability."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240702200407.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



What was behind the 2021-2022 energy crisis within Europe? | ScienceDaily
An energy crisis hit Europe in 2021-2022, following Russia's invasion of Ukraine, which sent electricity prices skyrocketing -- even within countries that don't rely on Russian gas. It begs the question: Was there more to it?


						
A team of researchers from the Institute for Energy and Climate Research at Forschungszentrum Julich, the University of Cologne, and the Norwegian University of Life Sciences had already been working with electricity price data for years, exploring statistics and developing forecasting methods. Adopting a European perspective, they zeroed in on how prices in different countries relate and how countries were affected by the energy crisis.

In Chaos, from AIP Publishing, the team addresses the interdependencies of different markets.

"We use an empirical approach to these topics and complement modeling efforts by economists," said Dirk Witthaut, a professor of network science for the Institute for Energy and Climate Research at Forschungszentrum Julich and the University of Cologne.

This approach combines statistical physics and network science, which "provide very useful tools to study questions well beyond the traditional realm of physics," said Witthaut. "The biggest step is to see the connections."

First, the researchers identify communities -- groups of European countries whose markets are strongly correlated. Then, they identify the fundamental spatiotemporal patterns within the electricity price/time data from all countries. The exciting part for the researchers was how these structures and patterns changed during the energy crisis.

The team noticed Russian natural gas and skyrocketing electricity prices were frequently attributed to the soaring gas prices, while other factors were simultaneously at play with impacts that should not be underestimated.




"Remarkably, France and southern Norway saw the strongest increase in electricity prices -- although they do not rely on Russian gas for electric power plants," said Witthaut. "The high unavailability of nuclear power plants in France and the operation of new interconnectors from Norway to the continent surely played a role."

The team found that when the energy crisis shook European electricity markets, the structures and patterns within the electricity price data changed in a variety of ways.

"Our results emphasize that a national perspective on electricity systems can be quite misleading," he said. "Europe's electric power system is highly integrated, which is overall highly beneficial for the customers."

The researchers hope their work will strengthen the European perspective in the political debate about electricity markets and prices, because problems like this are best tackled via international cooperation. They expect immediate impacts within the field of electricity price forecasting.

"Most scientists only look at one national market, but the interactions with other countries must not be neglected," said Witthaut. "We'll get accurate forecasts only if we model all countries together."

The next step for the team is to move beyond analyzing correlations to identifying cause and effects.

"There's an intensive debate about how changes in our electricity mix affect prices and costs," said Witthaut. "How does the rise of renewable power affect market prices? How important are nuclear power plants for the market? We can't answer these questions by a simple correlation analysis. Instead, we need statistical tools that can quantify causal effects."
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Study explores what motivates people to watch footage of disasters and extreme weather | ScienceDaily
Extreme weather events such as hurricanes and storms have increased in both frequency and severity in recent years.


						
With that has come heightened public interest, resulting in often dramatic footage being live-streamed on platforms such as YouTube, TikTok and Discord.

Now, a new study conducted at the University of Plymouth has for the first time analysed what might be motivating people to watch these streams -- in some instances for up to 12 hours at a time.

The research centred around the live-streaming of three events -- Hurricane Irma in 2017, Hurricane Ian in 2022, and Storms Dudley, Eunice and Franklin in 2022.

Through a detailed analysis of viewers' comments, it was found that people in affected areas were using streams to discuss official government risk advice they had received -- for example, about whether to evacuate.

Others were drawn to the streams because they had a previous connection to the affected region. For these people, watching live footage -- which included taking time to share messages of 'hope' for the hurricane or storm to pass without destruction -- was a way of showing support to places and people impacted by the event.

The research was published in the journal Environmental Hazards and conducted by Dr Simon Dickinson, Lecturer in Geohazards and Risk in the University's School of Geography, Earth and Environmental Sciences.




He said: "When dramatic things happen -- whether that relates to extreme weather or events like tornados or volcanoes erupting -- people flock to watch. You might assume that this is just a form of online 'rubber-necking, and that people are naturally drawn to spectacular sights. However, this study has shown that the drivers to watch extreme weather footage are more complex. Live-streams provide the opportunity for people in, close to, and far away from the event to interact in real time. The footage becomes a marker that people use to sense-check their understandings of how significant the event is, how hazards work, and as an online gathering point to share experiences of similar events. It is a fascinating insight into human behaviour that has previously been unexplored."

The research focused on nine live-streams of the 2017 and 2022 hurricanes and storms, which broadcast a total of 65 hours of video footage watched by more than 1.8 million people.

During that time, over 14,300 comments were left by 5,000 unique accounts, a reflection of the fact that footage focused on unfolding events of national or global importance generate higher-than-normal audience engagement.

Many of the streams were already existing webcam channels that were repurposed during the hurricane or storm, such as webcams that streamed beach or port conditions. In some instances, affected people streamed live-footage from their own house security or doorbell cameras.

The study demonstrates that people are keen to learn more about the science behind what is happening, highlighting the need for further work that examines how people are using new technologies to make sense of hazard risk.

Dr Dickinson added: "Although scientists are getting better at communicating risk, people are far more likely to discuss hazards in informal and relatively unmoderated settings. Moments of extreme weather are important because they focus people's attention and generate discussion about hazards, how they work, and how they will increasingly affect us in future. New digital practices -- such as live-streaming -- are thus important for us to understand because they're not just spaces of disaster voyeurism. Rather, they're spaces of learning, community and emotional support in a world that can feel increasingly volatile."
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'Healthy' workplaces a vital factor in clawing back billions of dollars lost to workplace injuries and illness | ScienceDaily
A new study published this week shows how the global economy could claw back billions of dollars lost each year due to workplace injuries and illness.


						
In Australia, more than 500,000 employees sustain injuries or illnesses relating to work and in 60% of cases, this requires time off work. That equates to around $30 billion, equivalent to the annual output of Australia's agricultural sector.

In Canada, their annual costs are equivalent (CAD $29.4 billion); the United Kingdom comes in at GBP PS18.8 billion each year and across the European Union (EU), a staggering EU467 billion a year.

New research published in Safety Science reveals that companies that offer healthy working conditions to employees, including supportive relationships with supervisors, valuing skills and job autonomy, and minimising work stress, report far fewer days lost per workers' compensation claim.

Researchers from the University of South Australia's Psychosocial Safety Climate Global Observatory compared working conditions in 100 Australian organisations to 12,000 injured workers' compensation claims, identifying the root cause of delays in people returning to work after workplace-related injury or illness.

Organisations with a poor psychosocial safety climate (PSC) reported 160% more days off due to workplace injury or illness, compared to high PSC organisations (177 days vs 68 days).

Likewise, costs for the injury or illness were 104% greater in very low PSC organisations versus high PSC organisations ($67,260 vs $32,939 per employee).




"Our findings show that a healthy psychological climate in workplaces is essential if companies want to reduce working time loss and costs related to workplace injuries and illnesses," says UniSA ARC Laureate Fellow Professor Maureen Dollard.

The researchers avoided individual bias by correlating data sets at the organisational level rather than surveys with injured employees on retrospective work conditions.

"Aside from a strong PSC, the most important factors in predicting a quicker return to work included how satisfying and rewarding their job was, how supportive their supervisor was, whether their skills were potentially adaptable, and how much autonomy they had in their role."

In Australia, during 2017-18, an estimated 563,000 people had an injury or illness related to work, representing 4.2% of the workforce. In 60% of cases, this involved taking time off work, costing the equivalent of Australia's annual agricultural output, or 1.6% of the nation's GDP.

The most common occupations featured in the claims data included nurses, police officers and personal assistants. Muscle-related injuries comprised the bulk of the claims.

"These findings provide more evidence that 'healthy' workplaces matter," says Prof Dollard. "They are not only important to our psychological health and to prevent injury to workers, but PSC is just as important following injury or illness.

"Building an organisation with strong PSC will help to reduce time lost and also cut costs through better injury prevention and management."
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Watching others' biased behavior unconsciously creates prejudice | ScienceDaily
We unconsciously form prejudice toward groups when we see biased people interact with members of a group. That is according to new research by psychologists of the University of Amsterdam (UvA), who show for the first time that observational learning is an important mechanism of prejudice formation. Their results were published today in Science Advances.


						
David Amodio (UvA): 'What we found in our research is that prejudice can form by merely observing other people's social interactions. When an observer views a prejudiced person's interaction with a group member, they unconsciously form the same prejudice. Moreover, because observers are unaware that they picked up this bias, they go on to act with prejudice in their own behavior.'

This mechanism helps to explain how societal prejudices spread so easily, for example, through the viewing of TV programmes, YouTube or other social media where biased interactions with a certain groups takes place. By merely observing those interactions, vicariously and with no direct contact, people may take on the same prejudices.

Experiment

During the experiments, a research participant viewed interactions between an actor and members of two different groups. Across participants, the actor varied in prejudice, but the behavior of group members was always identical. When observers later interacted with the same group members, observers showed a preference in line with the actor's prejudice. Moreover, observers were unaware that they were influenced by the prejudiced actor; instead, they misperceived worse behavior from group members who interacted with a prejudiced actor, when in fact, members of both groups acted the same.

Bad behaviour

Amodio: 'A troubling implication is that, because the observer believes that their preference is based on objective evidence, they have no reason to question it or control it.'
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Crucial gaps in climate risk assessment methods | ScienceDaily
A study by Stefano Battiston of the Department of Finance at the University of Zurich and his co-authors has identified critical shortcomings in the way climate-related risks to corporate assets are currently assessed. Many current estimates of climate physical climate risk rely on simplified and proxy data that do not accurately represent a company's true risk exposure. This can lead to significant underestimates of climate-related losses, with serious implications for business investment planning, asset valuation and climate adaptation efforts.


						
Potential losses up to 70% higher than previously estimated

The research team developed a new methodology that uses detailed information about the location and characteristics of a company's physical assets, such as factories, equipment and natural resources. This approach provides a more accurate picture of climate risks than methods that use proxy data, which often assume that all of a company's assets are located at its headquarters. "When we compared our results with those using proxy data, we found that the potential losses from climate risks could be up to 70% higher than previously thought," says Stefano Battiston. "This underscores the critical need for more granular data in risk assessments."

Preparing for the worst: The role of extreme events

The authors also point to the importance of considering "tail risk" in climate assessments. Tail risk refers to the possibility of extreme events that, while rare, can have catastrophic impacts. "Many assessments focus on average impacts. Our research shows that the potential losses from extreme events can be up to 98% higher than these averages suggest," says Stefano Battiston. "Failure to account for these possibilities can leave businesses and investors dangerously unprepared."

More funding for climate adaptation

The study's findings have significant implications for climate policy, business strategy, and investment decisions. The researchers emphasize that more accurate risk assessments are crucial for developing effective climate adaptation strategies and determining appropriate levels of climate-related insurance and funding. "Our work shows that we may be seriously underestimating the financial resources needed for climate adaptation," concludes Stefano Battiston.
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True scale of carbon impact from long-distance travel revealed | ScienceDaily
The reality of the climate impact of long-distance passenger travel has been revealed in new research from the University of Leeds.


						
Despite only accounting for less than 3% of all trips by UK residents, journeys of more than 50 miles (one way) are responsible for 70% of all passenger travel-related carbon emissions.

The disparity is even greater when international travel is singled-out: international journeys are only 0.4% of total trips but are responsible for 55% of emissions.

The new research, published today in the journal Nature Energy, also shows that targeting long-distance travel may be a more effective way of tackling emissions than current efforts which focus on local and commuter journeys.

Whilst the number of long and short distance domestic journeys by car have fallen slightly over the last 25 years, international air travel has increased significantly, driven by an increase in trips for leisure and visiting friends and family.

Dr Zia Wadud from the University's Institute for Transport Studies and School of Chemical and Process Engineering and who led the research, said: "The scale of the impact of long-distance travel is very large indeed. That just less than 3% of our trips are responsible for around 60% of miles and 70% of emissions shows how important long-distance travel is in the fight to combat climate change.

"Worryingly, long distance trips, especially flights, have been growing; however, they offer opportunities too."

Using a new metric they have created, called emission reduction sensitivity, the research team has calculated which types of travel could be changed to maximise a reduction in carbon emissions from passenger travel whilst affecting as few people or trips as possible.




Greater potential from reducing long-distance travel

The research found that if all car journeys under eight miles were shifted to walking or cycling, there would be a 9.3% reduction in carbon emissions. However, around 55% of all journeys would need to be shifted to achieve this, as most travel is done locally and in cars.

Calculated by dividing the carbon reduction percentage by the percentage of journeys altered, the emission reduction sensitivity for this change would be just 0.17 -- the lowest recorded in the study.

By contrast, if all flights of less than 1,000 miles were moved to rail, there would be a 5.6% reduction in emissions but only 0.17% of journeys would be affected -- resulting in a sensitivity value of 33.2.

At the top end, theoretically limiting everyone who flies now to one return flight abroad per year would have a value of 158.3, as so few journeys would be affected.

The researchers stress that the potential changes are only suggestions meant to make us realise and reassess the impact of our long-distance travel, rather than concrete policy proposals.




Dr Muhammad Adeel, a co-author now at the Centre for Transport and Society at the University of the West of England, added: "Whilst efforts to move local journeys to more sustainable modes of transport are really positive, by omitting aviation emissions from national statistics -- as is the case at the moment in nearly all countries -- we are not getting a holistic picture and ignoring a large part of the problem."

A call to rethink our travel's carbon impact

The researchers also hope that their findings can act as a driver for policymakers to look at changes in how effort is assigned when dealing with the impact of travel on the environment.

The data was collected from the Department for Transport's National Travel Survey, and the International Passenger Survey, which is organised by the Office for National Statistics.

The research also offers the public an insight into the impact that changing their behaviour could have.

Dr Wadud added: "The important thing both at the policy and personal level is that we prioritise the relatively fewer longer distance trips -- especially flights -- in order to realize the largest reductions."
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Spotted apex predator being pressured by spotted pack hunters -- and it's our fault | ScienceDaily
Who's stronger? A solitary leopard or cackle of hyenas? And which is best at getting along with humans?


						
University of Copenhagen researchers closely studied this in a large East African natural area surrounded by rural settlements. The study demonstrates that the presence of humans has a direct impact on the competitive relationship between the two large predator species: leopards (Panthera pardus) -- the iconic spotted feline and the spotted hyena (Crocuta crocuta) -- a kleptoparasite and pack hunter known for its comical appearance and characteristic 'laugh'.

"We humans continue eating our way into the little bit of wilderness left in the world. As we do, we impact wildlife. This study demonstrates that human disturbance upsets the balance between competing species and that this advantages hyenas," says Rasmus W. Havmoller, the study's first author and a postdoc at the University of Copenhagen's Natural History Museum of Denmark.

For months, Havmoller have been using camera traps to observe the dynamics between hyenas and leopards living in Tanzania's Udzungwa Mountains -- an approximately 2,000 km2 national park that is completely surrounded by agricultural and populated areas. The study is the first to combine camera observations of large predators over both time and space in a single analysis.

While the hyena as a species seems to be increasing in numbers, the population of leopards has been in significant decline for decades, both in Africa and worldwide. Since hyenas are the leopards' only competitor in this particular natural area, the ability of the two species to coexist is important for their survival. And here, the local population is an important factor:

"As the local people definitely don't' like leopards, the leopards retreat as far away from humans as possible. Hyenas, on the other hand, benefit from the fact that humans don't feel threatened by or pursue them. Consequently, hyenas live in close to human populations and may even exploit humans as shields against the leopards," says Havmoller.

"But the areas nearest to humans are also the areas with the most prey. And as hyenas assert dominance over these areas, it increases their ability to outcompete leopards and potentially threaten the leopard's adaptability," adds Havmoller.




Size matters

The researchers' observations confirm that size matters. While male leopards, which are larger, retain their dominance over hyenas, the situation is different for female leopards, which are smaller.

"Even though the male leopards are the ones in charge, the hyenas aren't exactly scared off by them. They simply hang out in the background -- probably to follow the leopards and steal their prey. But the physical inferiority of the hyenas seems to be compensated for in the areas closest to humans, because male leopards pull out," says Rasmus W. Havmoller, who continues:

"Female leopards, on the other hand, completely change their behavior when hyenas are in the area. They become diurnal, whereas hyenas are primarily nocturnal. This is probably because female leopards are smaller than hyenas, and that they will likely lose in any fight over prey."

Overall, the study shows that the hyenas benefit from living near humans.

"This suggests that the hyena's ability to adapt to areas of human activity may strengthen their overall success as a species and their competitive advantage over other large predators as we humans disturb more and more nature," says Havmoller.




When leopards are pressured, cascade effects may follow

According to the researcher, the shift in female leopard hunting patterns may have negative consequences:

"If you open up for more tourism and build more roads in the national park, the female leopards will be pressured immediately. They aren't able to differentiate between safari tourists -- who are most active during the day -- and poachers. In time, they will probably learn that safari guests aren't dangerous. But if there is a large and rapid influx into the area, you will probably see a decline in their population," says Rasmus W. Havmoller.

If leopards are seriously pressured out of the food chain, one should expect the emergence of what are known as cascade effects in the ecosystem:

"Plucking a large predator like leopards out of a food chain, which can be the ultimate consequence of human disturbances, may have very violent effects. Populations of other species, such as certain monkeys, whose populations are kept in check by leopards, will suddenly become too large and change the balance of the entire ecosystem," says the researcher.

As such, Havmoller hopes that the study will serve to encourage restraint when it comes to managing wilderness areas.

"Our results clearly indicate that human disturbances can change the competitive relationship between important predators. So, I hope that considerations will be made when expanding activities in wilderness areas, so as to roll them out slowly and give animals a chance to adapt. Furthermore, it would be good if the effects of human disturbances were monitored in more places using camera traps," concludes Rasmus W. Havmoller.

HYENAS VS. LEOPARDS 
    	Leopards are unpopular among local people in many places because they may hunt livestock and attack humans. Hyenas, on the other hand, "clean up" by eating sick or dead livestock and don't pose a problem for humans.
    	Female leopards (approx. 20-43 kg.) are about half the size of male leopards (approx. 51-72 kg). Hyenas are in the middle in terms of weight (approx. 48-56 kg).
    	Leopards are solitary hunters, whereas hyenas hunt in large cackles (clans), which can be an advantage for hyenas in confrontations with leopards.
    	Hyenas are kleptoparasites that regularly steal the prey of other carnivores -- including leopards.
    	Leopards on the other hand, are masterful tree-climbers, which allows them to protect their prey from hyenas.
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Tax on antibiotics could help tackle threat of drug-resistance | ScienceDaily
Taxing certain antibiotics could help efforts to tackle the escalating threat of antibiotic resistance in humans, according to a new study by the University of East Anglia's Centre for Competition Policy, Loughborough University and E.CA Economics.


						
Antimicrobial resistance (AMR) poses a significant global risk, causing an estimated 700,000 deaths annually. A key AMR report previously warned that if unchecked, it could endanger 10 million lives a year and result in $100 trillion in lost economic output by 2050.

Human use of antibiotics is the primary driver of AMR, with the majority in the UK prescribed via GPs. Classified as narrow or broad-spectrum, narrow-spectrum drugs target specific bacteria, helping slow AMR but require knowing the organism causing the infection. Broad-spectrum antibiotics are used more generally when the organism is unknown, exacerbating AMR.

The UK government report, published in 2016, recommended testing for pathogens before prescribing and using narrow-spectrum drugs when appropriate, with costly or time-consuming testing leading to overprescribing of broad-spectrum antibiotics and contributing to AMR levels.

In this new study, economists examined the feasibility of 'taxing' GP surgeries for using particular broad-spectrum drugs -- the idea being that when they prescribe them, the amount charged to their drug budget would be higher by the amount of the tax.

Writing in the International Journal of Industrial Organization, they argue that because GPs can choose which drug to prescribe this could encourage greater use of narrow-spectrum drugs as well as aim to reduce testing time and costs. It could also potentially help manage the demand for antibiotics by adjusting the relative pricing of the drugs.

Co-author Prof Farasat Bokhari, previously of UEA's School of Economics and now at Loughborough University, said: "Antibiotic resistance is an important issue and a priority for UK health policy. It's possibly the next ticking time bomb in the healthcare system.




"In our analysis, the financial burden of the tax is not on the patients but rather on the GP practices who may be overprescribing in some cases. Our findings show that switching from broad to narrow-spectrum is possible via changes in relative prices brought about via taxation, but it has implications -- in terms of the total cost to society.

"While the alternative tax regimes we consider differ in how much demand will shift, our estimates suggest that these policies can be highly effective in managing that demand."

The researchers stress that such tax policies should not be implemented without allowing for exemptions based on the severity of the disease, which the physicians could certify. They also acknowledge that if decisions are time-critical and it is not an option to wait for a precise diagnostic test to know which narrow-spectrum antibiotic to prescribe, this may slow the switch from broad to narrow-spectrum.

The study draws on 10 years of monthly sales data for antibiotics dispensed in UK pharmacies and uses economic models to assess substitution patterns between different antibiotics, together with the impact of prices, seasonality, spectrum, and other characteristics of a drug on its demand.

It looked at the impact of two types of taxes on different groups of drugs. Firstly, a percentage tax (5% or 20%) on all antibiotics, all broad-spectrum antibiotics, and specific broad-spectrum antibiotics known to contribute most to antibiotic resistance (co-amoxiclav, quinolones, and cephalosporins). Secondly, a fixed amount of tax per unit of the drug.

A 20% tax on all antibiotics reduces total antibiotic use by 12.7%. However, it only reduces the use of the most problematic broad-spectrum antibiotics by 29.4%. This tax results in a consumer welfare loss, that is, the difference between what an individual is willing to pay and what they actually pay, of PS322 per 1000 people, which amounts to about PS19.9 million a year in the UK.




However, if the same 20% tax is applied only to the broad-spectrum antibiotics that contribute most to antibiotic resistance, their use drops by 37.7%, and the overall antibiotic use drops by only 2.38% because most patients switch to narrow-spectrum drugs. This more targeted tax results in a smaller consumer welfare loss of PS78.2 per 1000 people, or PS4.8 million a year.

Lead author Dr Weijie Yan, at E.CA Economics, said: "The consumer welfare loss and overall welfare loss from taxing these antibiotics are significant, however they are relatively small compared to the predicted societal costs of antibiotic resistance in terms of deaths and economic losses.

"While our simulations show how much demand is shifted from broad to narrow-spectrum, and at what cost, it does not calculate the long-term benefits of switching to drugs with a lower AMR footprint.

"It is also clear that the estimated loss in welfare is much smaller than previous estimates of worldwide costs, and so it may be well worth considering such remedies to shift demand to narrow-spectrum drugs."
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How researchers are using digital city-building games to shape the future | ScienceDaily
Lancaster University researchers have come up with exciting and sophisticated new mapping technology enabling future generations to get involved in creating their own future built landscape.


						
They say, in their new research, that planners are missing a real trick when it comes to encouraging and involving the public to help shape their own towns, cities and counties for the future.

They also say that games platforms can be used to plan future cities and also help the public immerse themselves in these future worlds.

The researchers have modified Colossal Order's game 'Cities: Skylines' where players control zones, public services and transportation.

Real-world buildings and models can be imported into the game to create realistic cities and inform planning.

Players can manage education, police and fire services, health and even set tax policies, amongst other realistic simulations. The game dashboard even measures how happy citizens are!

Players must add infrastructure, manage power, water and think carefully about what is needed for their community.




Given that, according to Royal Town Planning Institute statistics, only 20% of younger people are interested in planning, the use of digital games, say the researchers, enables the public to 'play' real-world planning policies based on a 'real world' place, which creates a dialogue with planners.

Dr Paul Cureton and Professor Paul Coulton, from ImaginationLancaster, Lancaster University's design-led laboratory, share their research in an open access article 'Game Based Worldbuilding: Planning, Models, Simulations and Digital Twins' published in Acta Ludologica, the peer reviewed scientific journal in the field of games and digital games.

Their research, funded by the Digital Planning Programme, Department for Levelling Up, Housing and Communities (DLUHC), cites a lack of public interest in planning issues and a need for 'urgent change' given, what they say, is a general lack of public interest in planning processes.

Gaming technology has been used in 3D planning models and what is called City Information Models (CIMs), and Urban Digital Twins (UDTs). Urban digital twins are virtual replica systems of an environment that are connected to real-world sensors such as traffic or air quality to enhance public participation and engagement in the planning process and generate future scenarios.

But, say the researchers, while this is a good step forward, the use of gaming technology for real-world applications is 'one-directional and misses opportunities' to include game design and research, such as mechanics, dynamics, flow, and public participatory' world-building' for future scenarios.

They believe the technology can be used for higher levels of 'citizen engagement' by making the process more enjoyable.




The method, they add, is cost-effective and can be rolled out across the UK by any local authority.

They have already conducted gaming workshops playtesting alongside Lancaster City Council with 140 children to 'play' and plan Lancaster in the UK, in an area to be developed along with Lancashire County Council and national house builder Homes England, previously earmarked for development as a new garden village for 5,000 homes.

Digital games have a long tradition of providing simulations of various systems of human activities, such as politics, culture, society, environment, and war. Urban planning has been simulated through various city-building games such as the Summer Game (1964), EA Games, SimCity (1989), and Colossal Order's Cities Skylines (2015, 2023), amongst many others.

While a range of future urban planning scenarios use gaming technology, they do not necessarily incorporate game design ideas such as mechanics and dynamics, levels, progress, flows and feedback as part of a game world, say the researchers.

And, they add, this needs to be more fully understood if such systems are to yield potential benefits in terms of citizen engagement more fully.

Dr Cureton and Professor Coulton created a reference tool for new planning models and ensuing case studies offer new insights into the opportunities for using game design and gaming technology in urban planning and digital transformation.

The article in Acta Ludologica develops an understanding of the role of worldbuilding games in urban planning, architecture, and design, developing a playable theoretical urban game continuum to illuminate both the various nuances of a range of precedents and scaffold future applications.

Cities and urban areas are complex systems, and games allow a player to explore the complexities of this landscape and simulate and model behaviour and realise scenarios.

Arguably, there is a restrictive incorporation of gaming technologies for real-world planning that misses opportunities to engage players in changing the rules of the system being replicated.

The researchers say this is much needed as new governments will look at what urgent change is required in planning if the shortfall in housing and stimulation of economic growth is to be addressed. To do this, planners will need support, skill development, and the tools to engage people.

Gaming technologies are intended for citizen participation and access, yet fundamental challenges remain unaddressed.

The Royal Town Planning Institute (RTPI) in the UK stated that : "Response rates to a typical pre-planning consultation are around 3% of those directly made aware of it. In Local Plan consultations, this figure can fall to less than 1% of a district."

Professor Paul Coulton is Chair of Speculative and Game Design at ImaginationLancaster and is internationally recognised for his speculative design work.

He says: "Whilst games and game playing are often dismissed as trivial or problematic they can serve as powerful tools in delivering information and understanding of how systems operate in a manner that can the lead to real world engagement in processes which previously seemed opaque."

Dr Paul Cureton is a Senior Lecturer in Design at ImaginationLancaster and a member of the Data Science Institute (DSI) whose work focuses on subjects in spatial planning, 3D GIS modelling and design futures.

He says: "Only 20% of 18-34-year-olds engaging in local plans, according to the Royal Town Planning Institute (2020). So few engage in how our spaces are being transformed, so there is space for gaming in this field to provide and help the public think like planners, play issues and use gaming tools for modelling future spaces."
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The beginnings of fashion | ScienceDaily
A team of researchers led by an archaeologist at the University of Sydney are the first to suggest that eyed needles were a new technological innovation used to adorn clothing for social and cultural purposes, marking the major shift from clothes as protection to clothes as an expression of identity.


						
"Eyed needle tools are an important development in prehistory because they document a transition in the function of clothing from utilitarian to social purposes," says Dr Ian Gilligan, Honorary Associate in the discipline of Archaeology at the University of Sydney.

From stone tools that prepared animal skins for humans to use as thermal insulation, to the advent of bone awls and eyed needles to create fitted and adorned garments, why did we start to dress to express ourselves and to impress others?

Dr Gilligan and his co-authors reinterpret the evidence of recent discoveries in the development of clothing in their new paper, Paleolithic eyed needles and the evolution of dress.

"Why do we wear clothes? We assume that it's part of being human, but once you look at different cultures, you realise that people existed and functioned perfectly adequately in society without clothes," Dr Gilligan says. "What intrigues me is the transition of clothing from being a physical necessity in certain environments, to a social necessity in all environments.

The earliest known eyed needles appeared approximately 40,000 years ago in Siberia. One of the most iconic of Palaeolithic artefacts from the Stone Age, eyed needles are more difficult to make when compared to bone awls, which sufficed for creating fitted clothing. Bone awls are tools made of animal bones that are sharpened to a point. Eyed needles are modified bone awls, with a perforated hole (eye) to facilitate the sewing of sinew or thread.

As evidence suggests bone awls were already being used to create tailored clothes, the innovation of eyed needles may reflect the production of more complex, layered clothing, as well as the adornment of clothes by attaching beads and other small decorative items onto garments.




"We know that clothing up until the last glacial cycle was only used on an ad hoc basis. The classic tools that we associate with that are hide scrapers or stone scrapers, and we find them appearing and going away during the different phases of the last ice ages," Dr Gilligan explains.

Dr Gilligan and his co-authors argue that clothing became an item of decoration because traditional body decoration methods, like body painting with ochre or deliberate scarification, weren't possible during the latter part of the last ice age in colder parts of Eurasia, as people were needing to wear clothes all the time to survive.

"That's why the appearance of eyed needles is particularly important because it signals the use of clothing as decoration," Dr Gilligan says. "Eyed needles would have been especially useful for the very fine sewing that was required to decorate clothing."

Clothing therefore evolved to serve not only a practical necessity for protection and comfort against external elements, but also a social, aesthetic function for individual and cultural identity.

The regular wearing of clothing allowed larger and more complex societies to form, as people could relocate to colder climates while also cooperating with their tribe or community based on shared clothing styles and symbols. The skills associated with the production of clothing contributed to a more sustainable lifestyle and enhanced the long-term survival and prosperity of human communities.

Covering the human body regardless of climate is a social practice that has endured. Dr Gilligan's future work moves beyond the advent of clothing as dress and looks at the psychological functions and effects of wearing clothes.

"We take it for granted we feel comfortable wearing clothes and uncomfortable if we're not wearing clothes in public. But how does wearing clothes impact the way we look at ourselves, the way we see ourselves as humans, and perhaps how we look at the environment around us?"
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A few surgical procedures account for high number of opioid prescriptions | ScienceDaily
A handful of common surgical procedures account for large shares of all opioids dispensed after surgery in children and adults, according to two studies recently published by researchers at the University of Michigan.


						
The studies, published in Pediatrics and JAMA Network Open, report that the top three procedures for children ages 0-11 account for 59% of opioids dispensed after surgery (tonsillectomies and adenoidectomies 50%, upper extremity fractures 5% and removal of deep implants 4%). Among those ages 12-21, the top three procedures account for about a third of post-surgery opioid prescriptions (tonsillectomies and adenoidectomies 13%, knee arthroscopies 13% and cesarean deliveries 8%).

For adults ages 18-44, C-sections account for the highest share of opioids dispensed post-surgery (19%), followed by hysterectomies (7%) and knee arthroscopies (6%). Among those ages 45-64, four of the top five procedures were orthopedic procedures, collectively accounting for 27% of total opioid prescriptions dispensed after surgery.

"Our findings suggest that surgical opioid prescribing is highly concentrated among a small group of procedures. Efforts to ensure safe and appropriate surgical opioid prescribing should focus on these procedures," said Kao-Ping Chua, lead author of the study in Pediatrics, assistant professor at the U-M Medical School and School of Public Health, and co-director of the Research and Data Domain at the U-M Opioid Research Institute.

To conduct the study, the researchers developed an algorithm to identify 1,082 major surgical procedures using procedure codes, a medical classification tool used to identify specific surgical, medical or diagnostic interventions. The algorithm was then applied to identify privately and publicly insured children and adults undergoing surgery from Dec. 1, 2020 through Nov. 30, 2021.

The information was organized through a novel system developed by the study team, which allowed them to connect different sets of data that had previously been seen as unrelated. This new method allows for improved comparability and contrast, according to lead investigators.

In addition to determining which procedures accounted for the highest shares of opioids, the researchers also examined the size of opioid prescriptions for each procedure. For many procedures, prescriptions were far larger than the amount patients typically need for a particular procedure.

"Our findings suggest that there are important opportunities to reduce surgical opioid prescribing without compromising pain control," said Dominic Alessio-Bilowus, lead author of the paper focused on adults published in JAMA Network Open and a medical student at Wayne State University who just completed a research year at U-M.
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Drowning in waste: Pollution hotspots in aquatic environments | ScienceDaily
Waste leakage to aquatic ecosystems is a major concern threatening biodiversity as well as human health. Inadequate disposal of waste, particularly plastic waste, has been documented in all the major ocean basins, beaches, rivers, lakes, and even in remote environments such as the Arctic and Antarctic. Previous studies have focused on estimating specifically plastic emissions into the oceans. However, no study has comprehensively assessed waste leakage into aquatic environments from a waste management perspective.


						
IIASA researchers adopted a waste systems perspective to identify hotspots of land-waste leakage, and determined which rivers, lakes, and coastal areas are particularly at risk. The results indicate a need for urgent action.

"Our study shows that the majority of leakage of municipal solid waste -- everyday items that are discarded by people -- into aquatic environments occur in Africa, China, India, and South Asia. It's necessary to start focusing on improving waste management systems in these affected areas," explains study lead author Adriana Gomez Sanabria, a researcher in the Pollution Management Research Group of the IIASA Energy, Climate, and Environment Program.

The study highlights that focusing on single waste streams can lead to unintended consequences. For example, as single-use plastic cups are replaced with paper cups, the amount of paper waste has increased. Therefore, it is crucial to set targets that address multiple waste streams simultaneously. Additionally, the study emphasizes the importance of universal waste collection as the primary strategy to prevent waste leakage into terrestrial and aquatic environments, even in a scenario where overall waste generation is reduced.

"Our analysis shows that there is a pressing need to establish a standardized framework to monitor waste generation, composition, and flows. This framework should help us track the effectiveness of actions, including political, economic, and technological measures aimed at reducing waste and improving waste management systems," notes Florian Lindl, a study coauthor and researcher in the IIASA Pollution Management Research Group.

The research team notes that their study addresses a crucial gap in our understanding of how waste management systems play an important role in addressing various environmental impacts. By examining the interaction between waste management and waste leakage, effective strategies can be identified to reduce pollution in aquatic environments and preserve ecosystems. This knowledge is vital for shaping policies and promoting sustainable development practices that minimize the environmental footprint of our consumption habits.

"We need to understand that the primary function of waste management systems is to protect human health and the environment. As creators of the waste crisis, we must take responsibility by changing our behavior to reduce consumption through refuse, rethink, and reuse practices," concludes Gomez Sanabria.
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Analysis suggests 2021 Texas abortion ban resulted in increase in infant deaths in state in year after law went into effect | ScienceDaily
A study led by Johns Hopkins Bloomberg School of Public Health researchers estimates that infant deaths in Texas increased more than expected in the year following the state's 2021 ban on abortion in early pregnancy, especially among infants with congenital anomalies.


						
The Texas law prohibiting abortions after a fetal heartbeat could be detected -- as early as five or six weeks -- went into effect September 1, 2021. At the time, the law -- Senate Bill 8, or S.B. 8 -- was the most stringent state abortion law in the country. It did not allow exemptions for congenital anomalies.

The researchers' analysis of monthly death certificate data in Texas and the rest of the United States found that between 2021 and 2022, infant deaths in Texas rose from 1,985 to 2,240, a year-over-year increase of 255 deaths. This corresponds to a 12.9 percent increase in infant deaths in Texas versus a 1.8 percent increase in infant deaths in the rest of the U.S. during the same period. The study defines infants as under 12 months old.

The study was published online June 24 in JAMA Pediatrics.

The findings come as more U.S. states enact stricter abortion laws following the U.S. Supreme Court's 2022 Dobbs decision, the landmark ruling that overturned Roe v. Wade and returned abortion policymaking to the states.

To approximate the causal impact of S.B. 8, the authors narrowed their analysis to examine changes in the expected number of infant deaths in Texas from March to December 2022 -- the time period that captures the first set of pregnancies under S.B. 8. The researchers estimate there were 216 excess infant deaths in Texas that would most likely not have occurred from March to December 2022 had the state's abortion law not been in place. This is equivalent to a 12.7 percent increase above the expected 1,697 infant deaths for this time period. There were 1,913 observed deaths in Texas from March to December 2022.

An analysis of neonatal deaths -- deaths in the first 28 days -- found similar patterns, with an estimated 145 excess deaths in the post-policy period. These results were not observed in other states.




The new study is thought to be the first to examine how the Texas abortion ban may have impacted infant deaths in the state and is among the first to present evidence evaluating recent abortion bans and pre-viability restrictions. Prior research has shown that states with more abortion restrictions see more infant deaths than those without. The authors note that these earlier studies evaluate fundamentally different and less severe abortion restrictions and primarily examine correlation.

"Our study is particularly relevant given the June 2022 Dobbs Supreme Court decision that returned abortion lawmaking to states and subsequent rollbacks of reproductive rights in many states," says Alison Gemmill, PhD, assistant professor in the Bloomberg School's Department of Population, Family and Reproductive Health and one of the study's lead authors. "These findings suggest that restrictive abortion policies may have important unintended consequences in terms of infant health and the associated trauma to families and medical costs."

For their month-by-month causal analysis, the researchers drew from infant death certificates in Texas and 28 comparison states from 2018 through 2022. They excluded the District of Columbia and several states that had fewer than 10 infant deaths in any month from 2018 to 2022, as the exact counts are not provided in currently publicly available data. The researchers selected March 2022 as the first cohort exposed to the Texas abortion policy because these infants, if born full term, would have been approximately 10 to 14 weeks gestation when the Texas law went into effect in September 2021. Before S.B. 8's enactment, people would have been able to seek termination in the event a fetal issue was detected during screening prior to 20 weeks gestation.

In an analysis of cause of death using all 2021 and 2022 death certificate data, the researchers found that Texas had atypical increases in infant deaths due to congenital anomalies, the leading cause of infant death. Infant deaths attributable to congenital anomalies increased 22.9 percent in Texas between 2021 and 2022 versus a decrease of 3.1 percent in the rest of the U.S. during the same period. Another divergent cause of death pattern in Texas was infant deaths from accidents, which increased by 21 percent in Texas versus a one percent increase in the rest of the U.S.

"Our results suggest that restrictive abortion policies that limit pregnant people's ability to terminate pregnancies, particularly those with fetal abnormalities diagnosed later in pregnancy, may lead to increases in infant mortality," says Suzanne Bell, PhD, MPH, assistant professor in the Bloomberg School's Department of Population, Family and Reproductive Health and one of the study's lead authors. "These findings make clear the potentially devastating consequences abortion bans can have on pregnant people and families who are unable to overcome barriers to this essential reproductive health service."

The authors note that the data did not include maternal and clinical characteristics of infant deaths, thus limiting the authors' ability to explore potential mechanisms behind these findings.

The researchers are currently studying the impact across socioeconomic groups that abortion bans have on live births and infant mortality in Texas and other states that banned abortion following Dobbs.

This study was supported by the Hopkins Population Center from the National Institute of Child Health and Human Development (P2CHD042854).
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No more stressing out over structural formulas | ScienceDaily
Structural formulas are a source of dread for many students, but they're an essential tool in biology lessons. A joint study by biology didactics expert Dr. Nina Minkley from Ruhr University Bochum, Germany, and chemistry didactics expert Dr. Sascha Bernholt from the Leibniz Institute for Science and Mathematics Education in Kiel, Germany, have shown that the stress levels of students working with chemical formulas are significantly reduced if they are given simple tips on how to deal with these formulas. 'Therby, also their overall performance increases,' says Nina Minkley, head of the study. She and her team had 136 high school students take a test with and without tips and compared their performance and stress levels. They published their findings in the journal Research in Science Education from June, 26, 2024.


						
Chemical formulas are actually taught in chemistry classes, where they are systematically introduced at the junior level. In biology, they're used in several fields, for example when studying the photosynthesis reaction. "Experience and previous studies have shown that complex structural formulas in particular can lead to stress reactions, and many students have considerable difficulties with them and try to avoid them," reports Nina Minkley. "In biology classes, however, there's not enough time to systematically introduce the formulas all over again."

H stands for hydrogen

Her idea was, therefore, to give the students tips that would make it easier to master formulas. One such tip could be that the letter H stands for hydrogen, or that carbon, denoted by the letter C, can have a maximum of four bonding partners.

For their experiment, the researchers first asked a group of 136 high school students to take a preliminary test to determine their prior knowledge of structural formulas. The participants then wrote a test in which half of them received tips and the other half didn't. The researchers compared the results of the tests as well as the subjectively perceived stress levels and the stress levels measured objectively using heart rate variability.

Less stress, better performance

"We observed that the students who'd received tips were less stressed and performed better than the control group who hadn't been given any tips," says Nina Minkley. The researchers factored out the impact of prior knowledge for the purpose of the study. "Such simple hints, which are easy for teachers to give, could help students to focus on the essentials in assignments and tests -- which are, after all, not about understanding the structural formula." The research team also argues that too much stress can lead to cognitive decline, which can hinder the recall of previously learned information. This problem could be avoided by providing tips on the formulas.

In addition to stress and performance, the team also assessed the impact of the tips on the students' self-efficacy. "We found that there was virtually no difference," concludes Nina Minkley. "The students were well aware that their knowledge of structural formulas was incomplete -- with or without tips."
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Just 4% of teen academy prospects play elite soccer (football) | ScienceDaily
Just four per cent of talented teen academy prospects make it to the top tier of professional football (called soccer in US), a new study has shown.


						
A sample of nearly 200 players, aged between 13-18, also revealed only six per cent of the budding ballers even go on to play in lower leagues.

The University of Essex researchers discovered the players who succeeded excelled in self-confidence, ball reception skills, dribbling and coaches' subjective technical assessments.

The study -- published in the International Journal of Sports Science & Coaching -- looked at players within the academy system in the 2009-2011 cohort and then traced their progress 10 years after their final academy test.

Dr Jason Moran, from the School of Sport, Rehabilitation, and Exercise Sciences, looked at elite Spanish academies for two LaLiga teams in Madrid, over the course of 10 years.

It is one of the most watched club competitions in the world -- featuring the like of FC Barcelona, Real Madrid, and Villareal -- and reaches 2.8billion people globally.

It is hoped the research will shine a light on the implications and economics of the academies amid the high-profile closure and re-opening of English Premier League side Brentford FC.




Dr Moran said: "This leaves us at a crossroads in terms of the role of the modern football academy.

"As many as 95% of teenage players aren't 'making it' to pro football, yet they are continuing through these academies incurring the stresses and strains that go with intensive professional training, before they are eventually deselected.

"The question must therefore be asked if academies are providing appropriate developmental experiences for the large proportion of players who are deselected from their systems?

"This relates to anything from physical literacy, to educational initiatives to prepare for life post-football."

It also emerged none of the players who ran out professional sides were born in the last quarter of the year and 44% of all the academy players were born in January, February, or March.

Meaning coaches may have a bias against smaller less-developed athletes who are technically sound.

Of the 12 players who became professionals, seven reached Spain's highest professional league at some point in the decade.

Five also played for teams in Spain's second highest professional league and four played abroad.

Previous studies on Premier League academies have shown just one per cent of under-nine players make it to the top tier.
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Cheaper, more convenient method to detect asbestos | ScienceDaily
For decades, a laboratory procedure known as transmission electron microscopy (TEM) has been used to test for asbestos in samples taken at construction sites.


						
In 1989, the U.S. Environmental Protection Agency (EPA) required most schools undergoing asbestos abatement to use TEM to test for the presence of asbestos fibers in air samples before reopening. Several states require or recommend using TEM for testing as part of asbestos removal in commercial buildings.

But TEM must be carried out in a specialized lab by highly trained staff and can be expensive. Another approach, phase contrast microscopy, is easier and cheaper but less precise.

Now, researchers at the National Institute of Standards and Technology (NIST) have determined that a third option, scanning electron microscopy (SEM), can achieve results roughly comparable to TEM. SEM is a "viable alternative to the current regulatory methods for asbestos identification and classification," the NIST researchers Jason Holm and Elisabeth Mansfield wrote in a new paper published in Analytical Methods.

Since SEM is, in many cases, cheaper and more convenient than TEM, the finding could potentially speed up and reduce the expense of asbestos remediation in the United States, which costs an estimated $3 billion every year.

Asbestos is a naturally occurring mineral whose fibers were used for insulation, weather- and fire-proofing and reinforcing building materials. Its use began declining in the 1970s as researchers became aware of its health risks, including its link to cancer. In March, the EPA banned the last form of asbestos still in use.

As their names suggest, both TEM and SEM are types of electron microscopy. In both methods, technicians focus electron beams on a microscopic amount of material. Electrons interact with the material to produce highly detailed information on the material's composition, structure and shape.




With TEM, the electrons pass through the sample, whereas with conventional SEM, they are reflected off the surface. This enables TEM to produce more detailed images and probe the surface's interior. TEM also offers much better spatial resolution -- the ability to distinguish between objects very close together -- than SEM.

But in recent years, SEM manufacturers have improved the technology's imaging power and other capabilities. Several companies now produce tabletop SEMs, making it possible to use the technology in the field, while TEM must still be done in a lab. Holm said training to use and operate SEM equipment can be completed in several months, while "expertise in TEM can take years to establish."

"There are some capabilities TEM has which SEM doesn't, but we think SEM is good enough" for use in asbestos abatement, said Holm.

To test SEM on asbestos, Holm and Mansfield used NIST Standard Reference Material (SRM) 1866, a sample of asbestos fibers the agency produces for labs to benchmark their equipment and testing procedures. The SRM comes with extensive data characterizing the properties of the material.

Using SEM, the researchers analyzed SRM 1866. Their results closely agreed with those listed in the SRM's documentation, indicating the method's accuracy.

Holm and Mansfield summarized SEM's potential advantages by writing that it could result in "lower equipment cost, less stringent operator training requirements, increased sample throughput and greater field of view compared to TEM."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240627172107.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Lie-detection AI could provoke people into making careless accusations, researchers warn | ScienceDaily
Although people lie a lot, they typically refrain from accusing others of lying because of social norms around making false accusations and being polite. But artificial intelligence (AI) could soon shake up the rules. In a study published June 27 in the journal iScience, researchers demonstrate that people are much more likely to accuse others of lying when an AI makes an accusation. The finding provided insights into the social implications of using AI systems for lie detection, which could inform policymakers when implementing similar technologies.


						
"Our society has strong, well-established norms about accusations of lying," says senior author Nils Kobis, a behavioral scientist at the University Duisburg-Essen in Germany. "It would take a lot of courage and evidence for one to openly accuse others of lying. But our study shows that AI could become an excuse for people to conveniently hide behind, so that they can avoid being held responsible for the consequences of accusations."

Human society has long operated based on the truth-default theory, which explains that people generally assume what they hear is true. Because of this tendency to trust others, humans are terrible at detecting lies. Previous research has shown that people perform no better than chance when trying to detect lies.

Kobis and his team wanted to know whether the presence of AI would change the established social norms and behaviors about making accusations.

To investigate, the team asked 986 people to write one true and one false description of what they plan to do next weekend. The team then trained an algorithm with the data to develop an AI model that was able to correctly identify true and false statements 66% of the time, an accuracy significantly higher than what an average person can achieve.

Next, the team recruited more than 2,000 people to be the judges who would read a statement and decide if it is true or false. The researchers divided the participants into four groups -- "baseline," "forced," "blocked," and "choice."

In the baseline group, participants answered true or false without help from the AI. In the forced group, the participants always received an AI prediction before making their own judgment. In the blocked and choice groups, participants had the option of receiving an AI-generated prediction. People who requested the prediction from the blocked group would not receive it, while people in the choice group would.




The research team found participants in the baseline group had an accuracy of 46% when identifying the statements of being true or false. Only 19% of the people in the group accused the statements they read being false, even though they knew that 50% of the statements were false. This confirms that people tend to refrain from accusing others of lying.

In the forced group where participants were given an AI prediction regardless of whether they wanted it, over a third of participants accused the statements of being false. The rate is significantly higher than both the baseline and blocked groups that received no AI predictions.

When the AI predicted a statement was true, only 13% of participants said the statement was false. However, when the AI predicted a statement as false, more than 40% of participants accused the statement of being false.

Moreover, among the participants who requested and received an AI prediction, an overwhelming 84% of them adopted the prediction and made accusations when the AI said the statement was false.

"It shows that once people have such an algorithm on hand, they would rely on it and maybe change their behaviors. If the algorithm calls something a lie, people are willing to jump on that. This is quite alarming, and it shows we should be really careful with this technology," Kobis says.

Interestingly, people seemed to be reluctant to use AI as a lie-detection tool. In the blocked and choice groups, only a third of participants requested the AI prediction.

The result was surprising to the team, because the researchers had told the participants in advance that the algorithm could detect lies better than humans. "It might be because of this very robust effect we've seen in various studies that people are overconfident in their lie detection abilities, even though humans are really bad at it," Kobis says.

AI is known for making frequent mistakes and reinforcing biases. Given the findings, Kobis suggests that policymakers should reconsider using the technology on important and sensitive matters like granting asylum at the borders.

"There's such a big hype around AI, and many people believe these algorithms are really, really potent and even objective. I'm really worried that this would make people over-rely on it, even when it doesn't work that well," Kobis says.
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Neighborhood opportunities influence infant development and cognition | ScienceDaily
Growing up in neighborhoods with more educational and socioeconomic opportunities has a positive impact on infants' brain activity, according to new research from Boston Medical Center (BMC). The study, published in The Journal of Developmental & Behavioral Pediatrics, suggests that enhancing neighborhood opportunities, particularly in education, can be a promising approach to promoting early childhood development.


						
A team of early childhood researchers examined how neighborhood opportunity -- the socioeconomic, educational, health, and environmental conditions relevant to child health and development -- is associated with infant brain activity and cognitive development. The researchers found that infants in neighborhoods with more opportunities have greater brain function at six months of age. In areas with better educational opportunities, these brain differences are also related to better cognition at 12 months old.

"This study highlights that even in infancy, neighborhoods matter for child development. Our findings suggest that focusing on neighborhood opportunities, like increasing access to high-quality education, can promote child neurodevelopment," said Mei Elansary, MD, MPhil, a developmental behavioral pediatrician at BMC and Assistant Professor of Pediatrics at Boston University Chobanian & Avedisian School of Medicine.

The researchers collected their data from 65 infants in community pediatric practices in the Boston and Los Angeles areas. The team examined whether associations between neighborhood opportunity and children's cognitive development at 12 months of age could be explained by differences in brain activity at six months of age, measured by electroencephalography (EEG). Cognitive development was measured using the Mullen Scales of Early Learning (MSEL), a standardized play-based developmental assessment.

Elansary and colleagues found that higher levels of neighborhood opportunity are associated with greater absolute EEG power in mid-to high-frequency bands in six months old infants. These EEG measurements are related to better language and cognitive scores later in childhood, suggesting a neuroprotective role of living in higher opportunity neighborhoods early in life.

The team also found that higher levels of educational opportunity, specifically, are associated with better MSEL scores. This means that neighborhoods with more educational opportunities, like high quality center-based care, may provide more resources to get kids engaged in cognitively simulating activities and enhance their development.

"Prior work has focused on the role of socioeconomic disadvantages in child development. Our study aims to shift the conversation towards solutions for improving the environments that kids experience in early childhood to support their development and address inequalities," says Elansary. "Given that race and ethnicity have been strongly associated with differential access to high opportunity neighborhoods, it is important to think about ways to promote access to these places for all families."
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US Clean Water Act leaves about 55% of water flowing out of rivers vulnerable to pollution | ScienceDaily

AMHERST, Mass. - The Supreme Court ruled last year that rivers that only flow in response to weather events--called ephemeral streams--do not fall under the protection of the Clean Water Act. New research published in the journal Science, led by University of Massachusetts Amherst recent doctoral graduate Craig Brinkerhoff and co-authored by colleagues at Yale University, suggests that this now leaves many U.S. waterways vulnerable to pollution.

Consider the Connecticut River, says Colin Gleason, Armstrong Professor of civil and environmental engineering at UMass Amherst and an author on the paper. The Connecticut has rules regulating where and what kinds of sediments, nutrients and pollutants can be dumped into the river, "and if you now just go up into the hills and dump it in a dry gully... there's every chance it ends up in the main stem of the Connecticut that you've worked so hard to protect once it rains," he explains.

While perennial streams flow continually, an ephemeral stream does not contain groundwater, so these non-perennial streams only run when they fill up with rain.

The researchers set out to determine just how much water these sometimes-dry river beds contribute to a river system's total output.

They found that, on average, ephemeral streams contribute 55% of the water that comes out of the mouth of regional river systems across the United States, but there is a strong east-west divide. River basins west of the Mississippi are more influenced by ephemeral streams than eastern rivers. For instance, 94% of the water coming out of the river systems in Black Rock Desert, Nevada, and Humboldt County, California, comes from ephemeral streams.

This makes sense, says Brinkerhoff. "Normally, when we think about ephemeral streams, we think of dry riverbeds in the desert," he explains. "The groundwater table is always way below the land surface."

But the researchers were surprised to discover just how influential these ephemeral streams were on the East Coast as well: "Even on the East Coast, even in a humid place where there's a ton of groundwater, ephemeral streams are still exerting a big influence," Brinkerhoff continues.




Gleason points to his home watershed to illustrate this point. "On a day in which every stream in the Connecticut River is flowing with its average annual condition, 59% of the water entering Long Island Sound was sourced from these ephemeral streams--a.k.a., dry gullies in the woods," he says.

However, these ephemeral streams are no longer regulated by the Clean Water Act (CWA). Last summer, in the case of Sackett v. Environmental Protection Agency, a majority of the Supreme Court defined the bodies of water that fall under CWA protection as "only those relatively permanent, standing or continuously flowing bodies of water forming geographical features that are described in ordinary parlance as streams, oceans, rivers, and lakes."

"The Clean Water Act regulates where and how much we can dump into water bodies--water bodies being rivers, lakes, wetlands, reservoirs, etc.," says Brinkerhoff. And the implications of this new research for water pollution are clear: "[Ephemeral streams are] not flowing most of the time, but then you get a big enough rainstorm and all of a sudden you're pushing the stuff that's been accumulating in those rivers downstream. In theory, pollution in those ephemeral streams will ultimately influence water many kilometers away that is, at least nominally, still regulated by the Clean Water Act," he says.

Doug Kysar, Joseph M. Field '55 Professor of Law at Yale Law School, and one of the study's authors, says that this work helps provide a constitutional basis to include ephemeral streams in the CWA. "Water pollution is a transboundary issue that clearly implicates interstate commerce, such that Congress could regulate ephemeral streams even if they are not the kind of 'navigable waters' that Congress has historically exerted federal authority over."

However, he also says that it's more likely that this responsibility will fall to state and local governments. "The irony is that the federal Clean Water Act was adopted precisely because state and local governments were thought to be doing a poor job of protecting the nation's waterways," he adds. "Our research helps to explain why that would be the case, as it shows just how far downstream from an ephemeral waterway the ultimate impacts of pollution can be felt. States don't necessarily have incentives to adopt costly water protections when the benefits will be felt by ecosystems out of state."

Using hydrology models, theory and field data, the researchers built a model that identifies every ephemeral stream in the contiguous U.S. and determines the percentage of a river's flow (for its annual average condition) that came from these ephemeral streams. 

One thing the researchers emphasize is that the size of the river basin used for their modeling does influence the results. The 55% figure is only true when you divide river basins into a certain size--if they had used smaller basins, the ephemeral influence would be larger, and if they used bigger basins, the influence would be less. But even using the scale they did--which is the second-largest river basin scale defined by the U.S. Geological Survey--ephemeral streams still influenced more than half of rivers' total water output. In other words, 55% is a quite surprising finding for rivers so large, the researchers say. Previous thinking was that ephemeral streams only influence their immediate areas.




"Our study provides more concrete evidence that all of these things are connected," says Brinkerhoff. "We can't regulate water bodies ad hoc."

Contact:

Craig Brinkerhoff, cbrinkerhoff@umass.edu

Julia Westbrook, jwestbrook@umass.edu 413-545-0149

IMAGE NOTE: Graphic mappings of ephemeral versus perennial streams are available for 205 different areas in the U.S. Please contact Julia to request your region.
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New, holistic way to teach synthetic biology | ScienceDaily
The field of synthetic biology, the science of manipulating biology, has a lot of "cooks in the kitchen," which has both helped it flourish and made it unusually difficult to create a cohesive, consistent curriculum for students at every level of study. Each discipline involved -- from chemical engineering to ethics -- has a unique approach to teaching and literature, which creates inconsistencies between what scientists learn.


						
Now, Northwestern University researchers propose a new way to teach synthetic biology that uses different levels of organization -- starting at the molecular scale and growing to the societal scale -- to teach core principles and a holistic view of developing sustainable synthetic biology technologies. The approach incorporates components from many disciplines, allowing people from many different backgrounds to access synthetic biology education.

A paper detailing the framework was published yesterday (June 26) in the journal Nature Communications.

"Early versions of synthetic biology courses lacked a conceptual foundation," said Julius Lucks, a synthetic biology expert and lead author. "From an educational perspective, you saw a kind of hodgepodge depending on which department you were in. We set ourselves the challenge of trying to figure out, how can you merge all those disciplines, somehow develop a common framework and create a common language?"

Lucks is a professor of chemical and biological engineering at Northwestern's McCormick School of Engineering and co-director of the Center for Synthetic Biology (CSB).

When genetic engineering emerged in the 1970s, the idea to reuse, repurpose and reconfigure biological systems to address challenges in society -- the core of synthetic biology -- became possible. With CRISPR's advent around 1990, synthetic biology was popularized and, without any curriculum to turn to, faced an identity problem.

"One of the biggest problems we saw in our students and labs are that they tend to be focused on a very specific problem," said Ashty Karim, a Northwestern research assistant professor of chemical and biological engineering and the paper's first author.




"For example, if you're looking at how CRISPR works, you might be studying the localized protein machinery that makes edits to the DNA. But if you're going to create a technology based on CRISPR, there are many other important facets than the molecular scale workings. How does it work in the context of a cell or a population of cells within someone's body across different tissues? How does that interact with current healthcare systems? These are discussions that we need to be having and might influence the science that we do."

Karim is the director of research at CSB and a core member of its faculty.

From this came the idea of breaking down biology into scales, developed originally from a conversation about how most introductory biology courses present a continuum that moves from DNA to tissue to organism. There are emerging behaviors that appear at different levels of organization; society behaves differently from an organism, and so on. Synthetic biology, according to the paper, can be broken down into five components: molecular, circuit/network, cellular, biological communities and societal.

Key to the proposed framework is the presence of robust ethics at each scale.

By piloting the curriculum with undergraduate and graduate students at Northwestern, the authors said they found that different core principles, like thermodynamics and kinetics, mapped onto different scales naturally. For instance, do you need to understand a principle all the time? Or can you "ignore" it up to a certain scale?

Curriculum should also be underpinned by case studies that help learners analyze how engineering choices made at one scale affect biological function at another, assemble potential solutions to global challenges across scales and identify the impact of synthetic biology on societal goals and ethical issues. Case studies can also be tailored to the institution or instructor implementing the curriculum.

Presenting the approach to classes has been greatly successful, according to Lucks and Karim, who both said the concept "clicked" for students even the first time they taught the course. The scales concept has been so successful that in fact, the Northwestern Center for Synthetic Biology uses it to organize its cutting-edge collaborative research.

The researchers also hope the curriculum can be implemented much more broadly and have provided resources and ideas that others may use to adapt the approach to their needs and interests.

The development of the deconstruction approach was supported by the National Science Foundation through the SynBAS NRT program (grant number 2021900) and by the Bachrach Family Foundation.
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Climate change and sea level rise pose an acute challenge for cities with combined sewer systems | ScienceDaily
Older coastal cities, like Philadelphia, New York and Boston are at risk of being inundated by untreated sewage during floods. Due in part to the design of their combined sewer systems and in part due to sea level rise, these cities could be facing a growing public health crisis as climate change also drives more extreme precipitation, according to researchers at Drexel University who study urban stormwater management. The group recently published research that modeled the potential extent of the problem in a section of the coastal city of Camden, New Jersey, and the effectiveness of one proposed intervention to help protect these communities.


						
A Compounding Problem

Beginning in 1855 many of America's coastal communities were designed with a combined sewer system. In these systems, stormwater and sewage are collected using the same pipes. Originally, these pipes discharged to streams and rivers; later they were directed toward wastewater treatment facilities. But the pipes can only convey a certain amount of flow. During wet weather events, to avoid inundating the wastewater treatment plants some portion of the flow still overflows into the natural water bodies through features known as combined sewer overflows -- or CSOs.

While the Federal Pollution Control and Clean Water Act has pushed communities to upgrade their infrastructure and take steps to curtail CSOs, climate change brings an entirely new dimension to this regulatory compliance challenge.

When the water level in the receiving water body is high, the CSO flap gates that ordinarily keep river water from backing up into the sewer pipes can't open as easily. Without these relief valves fully open, the combined sewage generated during wet weather can back up in the system, even spilling out onto the street or into people's basements.

As climate change brings more heavy rain and higher river levels, the problem worsens and cannot be mitigated with conventional approaches to stormwater management.

"Climate change is making what was already a difficult problem even more challenging," said Franco Montalto, PhD, a professor in the College of Engineering who led the research. "The combination of sea level rise and precipitation intensification is particularly difficult for urban stormwater managers because it means the combined sewer system is being loaded from both sides. In many cases, there's no place for the water to go but up and out onto the street creating environmental and health risks."

Montalto's team has been working closely with the Camden County Municipal Utilities Authority (CCMUA) to study potential solutions to this problem.




Looking for a Better Answer

In their research, recently published in the Journal of Water Management Modeling, the group reported on the results of their detailed hydrologic and hydraulic models of flooding and combined sewer overflows in the Cramer Hill section of Camden. This is a flood-prone portion of the city located very close to the largest CSO point on the East side of the Delaware River.

Once they calibrated their models to historical conditions, they used them to simulate how flooding and CSOs would change in the future, as the climate changes. The same models are also being used to evaluate the potential effectiveness of different conceptual solutions.

"CCMUA has been working diligently for years to reduce environmental injustices in Camden," Montalto said. "It has worked to reduce odors from its wastewater treatment plant and reduce the frequency and pollution associated with CSOs. It's exciting to work with them now on the development of solutions that can also reduce flooding and make Camden's neighborhoods more resilient to climate change. Our modeling will support CCMUA as it develops multifunctional infrastructure strategies."

Drexel's model is unique because it is an "all-pipes" model built by assembling many different geospatial data sets into one computer model. This allows the team to simulate stormwater flows through virtually every surface, catch basin, and pipe in the area.

To check the accuracy of the modeling program, the researchers compared the model's prediction of annual combined sewer overflow discharge volume to CCMUA records. Simulated flood patterns were compared to photographs of actual floods taken by the research team during storms over the summer of 2021.




"It was important to perform a thorough validation process because we will be relying on this model to simulate future climate and infrastructure conditions," Montalto said. "Not every municipality has been making recordings of all the necessary data to build a complete model, so part of this research was showing that the ad-hoc process we developed could reliably validate our model without some of the data it would normally require."

Projecting Future Challenges

Montalto's team used the validated model to simulate what would happen if precipitation increased by up to 30% and if the sea level rose by up to 1.8 meters. They simulated each of these climatic changes independently, and together.

The model projected that increased precipitation would result in overflow discharges 21-66% above the current annual discharge volume. And, although each of the sea-level-rise scenarios resulted in a reduction in the number of overflow events and annual overflow discharge, the duration of flooding increased with each compounding factor.

Testing a Theory

One key strategy that Camden has been considering for Cramer Hill's water management challenges involves diverting upstream stormwater away from its sewer system. With Drexel's modeling program, the municipality was finally able to test the idea.

Dubbed the "Pennsauken disconnection," the suggestion is to divert stormwater generated in the town of Pennsauken, New Jersey, which is immediately northeast of Camden, away from Cramer Hill's combined sewer system via an intermediary pumping station.

The team found that the disconnection will help under all future climate scenarios. However, even with the disconnection, the impacts of climate change and sea level rise still resulted in an increase in the number of flooding events; and a significant increase in the duration of flooding under the sea-level-rise conditions.

Setting a New Course

Overall, the results suggest that increased precipitation events due to climate change will cause more combined sewer overflows. And sea level rise will make it more difficult for these systems to discharge into nearby bodies of water. Some 40 million people currently live in areas served by combined sewer systems, so this is both a pressing issue and one that could affect a significant number of people throughout the country.

Montalto's group plans to continue refining its Cramer Hill model, as they collect information about water flow through the sewage network and surface flooding. They will also model other infrastructure interventions to manage stormwater.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Moon 'swirls' could be magnetized by unseen magmas
        Mysterious, light-colored swirls on Moon's surface could be rocks magnetized by magma activity underground, laboratory experiments confirm.

      

      
        Blue and great tits deploy surprisingly powerful memories to find food
        Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging. The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

      

      
        Giant salamander-like creature was a top predator in the ice age before the dinosaurs
        Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. It lived 40 million years before the first dinosaurs, and it was the top predator in its ecosystem.

      

      
        Clever clothes! Seams in clothing capture body movement
        Everyday clothing may soon be able to capture and record body movements according to new research.

      

      
        A new breakthrough in understanding regeneration in a marine worm
        The sea worm Platynereis dumerilii is only a few centimeters long but has a remarkable ability: in just a few days, it can regenerate entire parts of its body after an injury or amputation. By focusing more specifically on the mechanisms at play in the regeneration of this worm's tail, a research team has observed that gut cells play a role in the regeneration of the intestine as well as other tissues such as muscle and epidermis.

      

      
        Neutrons on classically inexplicable paths
        Is nature really as strange as quantum theory says -- or are there simpler explanations? New neutron measurements prove: It doesn't work without the strange properties of quantum theory.

      

      
        Research shows how RNA 'junk' controls our genes
        Researchers have made a significant advance in understanding how genes are controlled in living organisms. The new study focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans). The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

      

      
        An ant that selectively amputates the infected limbs of wounded sisters
        Saving lives through surgery is no longer exclusive to humans. Scientists now detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these 'treatments,' not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.

      

      
        Doctors could soon use facial temperature for early diagnosis of metabolic diseases
        A colder nose and warmer cheeks may be a telltale sign of rising blood pressure. Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. With further research, doctors could one day us...

      

      
        Organic material from Mars reveals the likely origin of life's building blocks
        Two samples from Mars together deliver clear evidence of the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.

      

      
        New and improved camera inspired by the human eye
        Computer scientists have invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time.

      

      
        Everybody needs good neighbors: Resident quolls help newcomers settle in at Mulligans Flat
        GPS tracking collars have revealed how newly reintroduced eastern quolls are settling in at Mulligans Flat Woodland Sanctuary in Canberra, with quolls who were born at the sanctuary accepting their new neighbors with open paws.

      

      
        Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread
        Scientists discovered the oldest fossil grapes in the Western Hemisphere, which help show how after the death of the dinosaurs, grapes spread across the world.

      

      
        This desert moss has the potential to grow on Mars
        The desert moss Syntrichia caninervis is a promising candidate for Mars colonization thanks to its extreme ability to tolerate harsh conditions lethal to most life forms. The moss is well known for its ability to tolerate drought conditions, but researchers now report that it can also survive freezing temperatures as low as 196 C, high levels of gamma radiation, and simulated Martian conditions involving these three stressors combined. In all cases, prior dehydration seemed to help the plants cop...

      

      
        'World record' for data transmission speed
        Researchers have sent data at a record rate of 402 terabits per second using commercially available optical fiber. This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fiber.

      

      
        Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard
        Hydrothermal vents can be found around the world at the junctions of drifting tectonic plates. But there are many hydrothermal fields still to be discovered. During a 2022 expedition of the MARIA S. MERIAN, the first field of hydrothermal vents on the 500-kilometer-long Knipovich Ridge off the coast of Svalbard was discovered.

      

      
        Tiny bright objects discovered at dawn of universe baffle scientists
        A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.

      

      
        Soft, stretchy electrode simulates touch sensations using electrical signals
        A team of researchers has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations for applications such as virtual reality, medical prosthetics and wearable technology.

      

      
        Creating supranormal hearing in mice
        A new study has produced supranormal hearing in mice, while also supporting a hypothesis on the cause of hidden hearing loss in people.

      

      
        Too many missing satellite galaxies found
        Bringing us one step closer to solving the 'missing satellites problem,' researchers have discovered two new satellite galaxies.

      

      
        New class of Mars quakes reveals daily meteorite strikes
        An international team of researchers combine orbital imagery with seismological data from NASA's Mars InSight lander to derive a new impact rate for meteorite strikes on Mars. Seismology also offers a new tool for determining the density of Mars' craters and the age of different regions of a planet.

      

      
        The density difference of sub-Neptunes finally deciphered
        The majority of stars in our galaxy are home to planets. The most abundant are the sub-Neptunes, planets between the size of Earth and Neptune. Calculating their density poses a problem for scientists: depending on the method used to measure their mass, two populations are highlighted, the dense and the less dense. Is this due to an observational bias or the physical existence of two distinct populations of sub-Neptunes? Recent work argues for the latter.

      

      
        Last surviving woolly mammoths were inbred but not doomed to extinction
        The last population of woolly mammoths was isolated on Wrangel Island off the coast of Siberia 10,000 years ago, when sea levels rose and cut the mountainous island off from the mainland. A new genomic analysis reveals that the isolated mammoths, who lived on the island for the subsequent 6,000 years, originated from at most 8 individuals but grew to 200--300 individuals within 20 generations. The researchers report that the Wrangel Island mammoths' genomes showed signs of inbreeding and low gene...

      

      
        Prehistoric 'Pompeii' discovered: Most pristine trilobite fossils ever found shake up scientific understanding of the long extinct group
        Researchers have described some of the best-preserved three-dimensional trilobite fossils ever discovered. The fossils, which are more than 500 million years old, were collected in the High Atlas of Morocco and are being referred to by scientists as 'Pompeii' trilobites due to their remarkable preservation in ash.

      

      
        Under pressure: How comb jellies have adapted to life at the bottom of the ocean
        Researchers have studied the cell membranes of ctenophores ('comb jellies') and found they had unique lipid structures that allow them to live under intense pressure.
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Moon 'swirls' could be magnetized by unseen magmas | ScienceDaily
Lunar swirls are light-colored, sinuous features on the Moon's surface, bright enough to be visible from a backyard telescope. Some people think they look like the brushstrokes in an abstract painting. But these are not mere artistic flourishes: NASA images show that the tendrils from some lunar swirls extend for hundreds of miles.


						
Lunar swirls have defied easy explanation, but recent modeling and spacecraft data shed light on the twisty mystery. The data shows that rocks in the swirls are magnetized, and these rocks deflect or redirect solar wind particles that constantly bombard the Moon. Nearby rocks take the hit instead. Over time, neighboring rocks become darkened by chemical reactions caused by the collisions, while the swirls remain light colored.

But how did the rocks in lunar swirls get magnetized? The Moon does not have a magnetic field today. No astronaut or rover has yet visited a lunar swirl to investigate.

"Impacts could cause these types of magnetic anomalies," said Michael J. Krawczynski, an associate professor of earth, environmental and planetary sciences in Arts & Sciences at Washington University in St. Louis. He notes that meteorites regularly deliver iron-rich material to areas on the Moon's surface. "But there are some swirls where we're just not sure how an impact could create that shape and that size of thing."

Krawczynski believes it's more likely that something else has locally magnetized the swirls.

"Another theory is that you have lavas underground, cooling slowly in a magnetic field and creating the magnetic anomaly," said Krawczynski, who designed experiments to test this explanation. His results are published in the Journal of Geophysical Research: Planets.

Krawczynski and study first author Yuanyuan Liang, who recently earned her PhD in earth, environmental and planetary sciences in Arts & Sciences, measured the effects of different combinations of atmospheric chemistry and magmatic cooling rates on a mineral called ilmenite to see if they could produce a magnetizing effect.




"Earth rocks are very easily magnetized because they often have tiny bits of magnetite in them, which is a magnetic mineral," Krawczynski said. "A lot of the terrestrial studies that have focused on things with magnetite are not applicable to the Moon, where you don't have this hyper-magnetic mineral."

But ilmenite, which is abundant on the Moon, can also react and form particles of iron metal, which can be magnetized under the right conditions, Krawczynski and his team found.

"The smaller grains that we were working with seemed to create stronger magnetic fields because the surface area to volume ratio is larger for the smaller grains compared to the larger grains," Liang said. "With more exposed surface area, it is easier for the smaller grains to undergo the reduction reaction."

"Our analog experiments showed that at lunar conditions, we could create the magnetizable material that we needed. So, it's plausible that these swirls are caused by subsurface magma," said Krawczynski, who is a faculty fellow in the university's McDonnell Center for the Space Sciences.

Determining the origin of lunar swirls is considered key in understanding what processes have shaped the lunar surface, the history of a magnetic field on the Moon and even how the surfaces of planets and moons generally affect the space environment surrounding them.

This study will help interpret data acquired by future missions to the Moon, especially those that explore magnetic anomalies on the lunar surface. NASA intends to send a rover to the lunar swirl area known as Reiner Gamma in 2025 as part of the Lunar Vertex mission.

"If you're going to make magnetic anomalies by the methods that we describe, then the underground magma needs to have high titanium," Krawczynski said. "We have seen hints of this reaction creating iron metal in lunar meteorites and in lunar samples from Apollo. But all of those samples are surface lava flows, and our study shows cooling underground should significantly enhance these metal-forming reactions."

For now, his experimental approach is the best way to test predictions about how unseen lava may be driving the magnetic effects of the mysterious lunar swirls.

"If we could just drill down, we could see if this reaction was happening," Krawczynski said. "That would be great, but it's not possible yet. Right now, we're stuck with the surface."
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Blue and great tits deploy surprisingly powerful memories to find food | ScienceDaily
Blue and great tits recall what they have eaten in the past, where they found the food and when they found it, a new study shows. In the first experiment of its kind to involve wild animals, blue and great tits demonstrated 'episodic-like' memory to cope with changes in food availability when foraging.


						
The same study may suggest that humans leaving out seeds and nuts for garden birds could be contributing to the evolution of these memory traits.

Episodic memory is a memory system involving the conscious recollection of personally experienced events. Many psychologists believe that episodic memory is uniquely human but a growing body of evidence suggests that many non-human animals possess episodic-like memory.

Published today in Current Biology, the study by researchers from the University of Cambridge and the University of East Anglia enabled 94 wild, free-living blue and great tits to take part in a series of memory tasks. These tasks involved automated food containers and a new software program that created unique experiences for individual birds, and tracked each bird's behaviour after they formed a memory.

The birds had previously been fitted with unique radio frequency tracking tags on their legs so that when they landed on the feeder's special perch, this read their tag, and custom-built programs released (or did not release) food through an electronic door, according to experimental rules with unique timed events specific to each individual bird.

The experiment focused on blue tits and great tits partly because they are opportunistic foragers feeding on a wide range of food types, and may benefit from being able to recall ecological details from a single experience as this would permit flexible decision-making.

"These findings provide the first evidence for episodic-like memory in the wild and show that blue and great tits have a more flexible memory system than we used to assume," said first author James Davies, from the University of Cambridge's Comparative Cognition Lab.




"Previous studies on episodic-like memory have involved bigger-brained bird species, corvids, which hide food. This study focuses on smaller brained more generalist birds that don't hide their food. Our findings suggest these birds are more intelligent than they've been given credit for."

Senior author Dr Gabrielle Davidson from the University of East Anglia said: "The birds were behaving naturally in a familiar environment, so we captured something more realistic than if the birds had been captive. It was remarkable to see these birds performed well in our memory tasks while also experiencing a bunch of other memories out in the wild.

"For us, field research is challenging because the birds are completely free not to take part in our experiments and just fly away, but we've shown this type of intelligence test in the wild works."

Nicola Clayton, Professor of Comparative Cognition at the University of Cambridge, an author of the study and James Davies' PhD supervisor, said:

"It is fascinating that these non-caching species of birds showed episodic-like memory using two independent tests. When I began this research in the late 1990s, most psychologists assumed that the ability to remember the 'what, where and when' of unique past events was uniquely human. The initial findings in scrub-jays showed that this was not the case. Subsequent research suggests that this ability is much more widespread in the animal kingdom than we previously thought."

The researchers suggest that having a more flexible memory could help these birds cope with further environmental stress and fluctuation influenced by climate change.




James Davies said: "This type of memory would allow them to flexibly react to new conditions and combine this information with their original memory to make decisions. So whether they're thinking about fruit ripening or caterpillars emerging, that's a powerful ability to have when things get tough."

The study also might suggest that humans leaving out food for garden birds could be one factor contributing to the evolution of these memory traits, just as these birds have evolved beak adaptations in response to increased reliance on garden feeders.

Dr Gabrielle Davidson said: "It is possible that these birds are picking up on and remembering our routines in terms of when we top up bird feeders. This needs further study."

The tests

To assess 'what-where-when' memory, the researchers adapted an existing study design -- developed by Nicola Clayton and Anthony Dickinson -- to simulate a realistic foraging scenario in which two food items -- sunflower seeds and peanut pieces -- ran out and replenished at different rates. The foods were selected having already proven that great and blue tits prefer sunflower seeds to peanut pieces.

The birds were given time to learn the 'temporal feeder' rules before the tests began. When an individual was first detected on the 'preferred' sunflower seed feeder, this triggered a 2-hour period of availability to that bird. After that point, a 'replenish period' began and the feeder door remained closed to that individual until the following day.

To pass the memory test, birds have to remember the details of this experience and apply it to new situations. This means that when they come back to the feeders 2 hours later, they should remember they had already eaten their favourite food, and that only their less preferred food is currently available.

This research shows great tits and blue tits make this switch, without having to check if their favourite food is available. This switch in behaviour, based on previous experience, is what indicates these birds use episodic-like memory -- comparable to studies involving captive rodents, dogs, corvids, cephalopods and non-human primates.

Only a bird's first choice after each interval was counted to ensure that their critical choice regarding which feeder to visit was based on a memory of their first visit of the day, rather than a reaction to a non-rewarding feeder (i.e., a win-stay/lose-shift strategy).

An advantage for juvenile birds

In a different task, the researchers tested birds on their ability to recall 'incidental details' of feeders to locate food.

In a 'where' test, the feeders were arranged in a triangle and in a straight line. In the 'which' test, each feeder was painted a different colour (yellow, red or blue) or pattern (black stripes, wavy lines, or spots on a white background).

While most birds passed the 'where' test, in the 'which' test only the juveniles recalled visual clues to help them access food.

James Davies said: "We didn't expect that finding. We already know juvenile blue tits and great tits have to be more innovative in their foraging because adults outcompete them and monopolise food, which may help to explain our own findings. As blue tits and great tits gain experience, perhaps they start to rely less on visual information and more on spatial information."

Professor Clayton said: "The next step is to test whether individual birds that are better at using their episodic-like memory have enhanced reproductive success, in which case we would expect that memory system to evolve in response to more challenging environmental conditions."

Funding

The study received financial support from the University of Cambridge.

Dr Gabrielle Davidson was funded by an Isaac Newton Trust and Leverhulme Early Career Fellowship (ECF-2018-700).
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Giant salamander-like creature was a top predator in the ice age before the dinosaurs | ScienceDaily
Forty million years before the first dinosaurs evolved, a ferocious predator lurked in swampy waters. Its skull alone was over two feet long. It lay in wait, its jaws open wide, preparing to clamp down its interlocking jaws on any prey unwise enough to swim past. Meet Gaiasia jennyae, the swamp creature with a toilet seat-shaped head. Scientists described the newly-discovered fossil in a paper in the journal Nature.


						
"Gaiasia jennyae was considerably larger than a person, and it probably hung out near the bottom of swamps and lakes. It's got a big, flat, toilet seat-shaped head, which allows it to open its mouth and suck in prey. It has these huge fangs, the whole front of the mouth is just giant teeth," says Jason Pardo, an NSF postdoctoral fellow at the Field Museum in Chicago and the co-lead author of the Nature study. "It's a big predator, but potentially also a relatively slow ambush predator."

The fossil is named for the Gai-as Formation in Namibia where it was found, and for Jenny Clack, a paleontologist who specialized in the evolution of early tetrapods -- the four-limbed vertebrates that evolved from lobe-finned fishes and gave rise to amphibians, reptiles, birds, and mammals.

Pardo's co-lead author, Claudia Marsicano of the University of Buenos Aires and her colleagues found the fossil. "When we found this enormous specimen just lying on the outcrop as a giant concretion, it was really shocking. I knew just from seeing it that it was something completely different. We were all very excited," said Marsicano. "After examining the skull, the structure of the front of the skull caught my attention. It was the only clearly visible part at that time, and it showed very unusually interlocking large fangs, creating a unique bite for early tetrapods."

The team unearthed several specimens, including one with a well-preserved, articulated skull and spine. "We had some really fantastic material, including a complete skull, that we could then use to compare with other animals from this age and get a sense of what this animal was and what makes it unique," says Pardo. It turns out, there's a lot about the creature that makes it special.

While today, Namibia is just north of South Africa, it was even further south 300 million years ago. It was near the 60th parallel, almost even with the northernmost point of Antarctica today. And at that time, the Earth was nearing the end of an ice age. The swampy land near the equator was drying up and becoming more forested, but closer to the poles, the swamps remained, potentially alongside patches of ice and glaciers.

In the warmer, drier parts of the world, animals were evolving to new forms. Early four-legged vertebrates, called stem tetrapods, branched out and split into lineages that would one day become mammals, reptiles, and amphibians. But on the fringes, in places like what's now Namibia, more ancient forms remained.

"Gaiasia is a stem tetrapod -- it's a holdover from that earlier group, before they evolved and split into the groups that would become mammals and birds and reptiles and amphibians, which are called crown tetrapods," says Pardo. "It's really, really surprising that Gaiasia is so archaic. It was related to organisms that went extinct probably 40 million years prior."

What's more, for an oddball holdover from an even more ancient time, Gaiasia seemed to be doing pretty well for itself. "There are some other more archaic animals still hanging on 300 million years ago, but they were rare, they were small, and they were doing their own thing," says Pardo. "Gaiasia is big, and it is abundant, and it seems to be the primary predator in its ecosystem."

And while Gaiasia jennyae is just one species, it yields big-picture information for paleontologists studying how the world was changing during the Permian period. "It tells us that what was happening in the far south was very different from what was happening at the Equator. And that's really important because there were a lot of groups of animals that appeared at this time that we don't really know where they came from," says Pardo. "The fact that we found Gaiasia in the far south tells us that there was a flourishing ecosystem that could support these very large predators. The more we look, we might find more answers about these major animal groups that we care about, like the ancestors of mammals and modern reptiles."
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Clever clothes! Seams in clothing capture body movement | ScienceDaily
Everyday clothing may soon be able to capture and record body movements according to new research published by the Universities of Bristol and Bath.


						
Harmless low voltages are passed through conductive threads which are stitched into garment seams to create electrical circuits. Their resistance changes with the movement of the wearer's body. The work opens up new possibilities to make digital clothing which senses and captures movements much more accurately than is possible using current phones and smart watches.

The paper, presented at the Designing Interactive Systems (DIS) conference in Copenhagen today (3 July), lays the foundations for e-textile designers and clothing manufacturers to create cutting edge garments that could enhance exercise, physiotherapy and rehabilitation.

Professor Mike Fraser of the University of Bristol's School of Computer Science commented: "We're excited by the opportunity for clothing manufacturers to implement our designs in sleeves and other garment seams.

"We've shown that common overlocked seams in standard garment constructions can do a good job of sensing movement. The design avoids the need for a separate power source by pairing the seam with a charging coil, drawing the energy wirelessly from a mobile phone placed in the pocket.

"This means advanced motion sensing garments could be made without altering existing manufacturing processes.

"We have also shown that smartphone apps using advanced Artificial Intelligence (AI) techniques can use this movement data to match body movement to specific postures or gestures such as physiotherapeutic exercises."

The team have produced a short film for the conference illustrating how the technique works.
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A new breakthrough in understanding regeneration in a marine worm | ScienceDaily

Even more surprising, the team found that this ability of gut cells to regenerate other tissue varies according to their location: the closer they are to the posterior end of the worm, the greater the variety of cell types they can rebuild2. This study will appear in Development on 2 July.

Scientists carried out these observations by monitoring the outcome of gut cells and proliferative cells that form close to the amputated end of the worm. This was tracked using different markers in particular by fluorescent beads ingested by the worms. Annelids, or 'segmented worms', which have only been studied in the last 20 years, are an ideal model for the study of regeneration, a process that is widespread in animals but still mysterious for scientists.

The research team will continue this work to determine whether cell types, other than gut cells, can play a role in regenerating a variety of cell types.

Notes

1 -- Working at the Institut Jacques Monod (CNRS/Universite Paris Cite). Scientists at Inserm and Universite Paris Cite also contributed to this research.

2 -- Only cells involved in the nervous system and growth zone of the worm (a ring of stem cells involved in the continuous growth of the animal until it reaches sexual maturity) cannot, it appears, be generated by gut cells found in the posterior end of the worm.
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Neutrons on classically inexplicable paths | ScienceDaily
Can a particle be in two different places at the same time? In quantum physics, it can: Quantum theory allows objects to be in different states at the same time -- or more precisely: in a superposition state, combining different observable states. But is this really the case? Perhaps the particle is actually in a very specific state, at a very specific location, but we just don't know it?


						
The question of whether the behaviour of quantum objects could perhaps be described by a simple, more classical theory has been discussed for decades. In 1985, a way of measuring this was proposed: the so-called "Leggett-Garg inequality." Any theory that describes our world without the strange superposition states of quantum theory must obey this inequality. Quantum theory, on the other hand, violates it. Measurements with neutrons testing this "Leggett-Garg inequality" have now been carried out for the first time at TU Wien -- with a clear result: the Leggett-Garg inequality is violated, classical explanations are not possible, quantum theory wins. The results have now been published in the journal Physical Review Letters.

Physical realism

We normally assume that every object has certain properties: A ball is at a certain location, it has a certain speed, perhaps also a certain rotation. It doesn't matter whether we observe the ball or not. It has these properties quite objectively and independently of us. "This view is known as 'realism'," says Stephan Sponar from the Atomic Institute at TU Wien.

We know from our everyday experience that large, macroscopic objects in particular must obey this rule. We also know that Macroscopic objects can be observed without being influenced significantly. The measurement does not fundamentally change the state. These assumptions are collectively referred to as "macroscopic realism."

However, quantum theory as we know it today is a theory that violates this macroscopic realism. If different states are possible for a quantum particle, for example different positions, speeds or energy values, then any combination of these states is also possible. At least as long as this state is not measured. During a measurement, the superposition state is destroyed: the measurement forces the particle to decide in favour of one of the possible values.

The Leggett-Garg inequality

Nevertheless, the quantum world must be logically connected to the macroscopic world -- after all, large things are made up of small quantum particles. In principle, the rules of quantum theory should apply to everything.




So the question is: Is it possible to observe behaviour in "large" objects that cannot be reconciled with our intuitive picture of macroscopic realism? Can macroscopic things also show clear signs of quantum properties?

In 1985, physicists Anthony James Leggett and Anupam Garg published a formula with which macroscopic realism can be tested: The Leggett-Garg Inequality. "The idea behind it is similar to the more famous Bell's inequality, for which the Nobel Prize in Physics was awarded in 2022," says Elisabeth Kreuzgruber, first author of the paper. "However, Bell's inequality is about the question of how strongly the behaviour of a particle is related to another quantum entangled particle. The Leggett-Garg inequality is only about one single object and asks the question: how its state at specific points in time related to the state of the same object at other specific points in time?"

Stronger correlations than classical physics allows

Leggett and Garg assumed an object that can be measured at three different times, each measurement can have two different results. Even if we know nothing at all about whether or how the state of this object changes over time, we can still statistically analyse how strongly the results at different points in time correlate with each other.

It can be shown mathematically that the strength of these correlations can never exceed a certain level -- assuming that macroscopic realism is correct. Leggett and Garg were able to establish an inequality that must always be fulfilled by every macroscopic realistic theory, regardless of any details of the theory.

However, if the object adheres to the rules of quantum theory, then there must be significantly stronger statistical correlations between the measurement results at the three different points in time. If an object is actually in different states at the same time between the measurement times, this must -- according to Leggett and Garg -- lead to stronger correlations between the three measurements.




Neutron beams: Centimetre-sized quantum objects

"However, it is not so easy to investigate this question experimentally," says Richard Wagner. "If we want to test macroscopic realism, then we need an object that is macroscopic in a certain sense, i.e. that has a size comparable to the size of our usual everyday objects." At the same time, however, it must be an object that has a chance of still showing quantum properties.

"Neutron beams, as we use them in a neutron interferometer, are perfect for this," says Hartmut Lemmel, instrument responsible at the S18 instrument at the Institut Laue-Langevin (ILL) in Grenoble, where the experiment was conducted. In the neutron interferometer, a silicon perfect crystal interferometer that was first successfully used at the Atomic Institute of TU Wien in the early 1970s, the incident neutron beam is split into two partial beams at the first crystal plate and then recombined by another piece of silicon. There are therefore two different ways in which neutrons can travel from the source to the detector.

"Quantum theory says that every single neutron travels on both paths at the same time," says Niels Geerits. "However, the two partial beams are several centimetres apart. In a sense, we are dealing with a quantum object that is huge by quantum standards."

Using a sophisticated combination of several neutron measurements, the team at TU Wien was able to test the Leggett-Garg inequality -- and the result was clear: the inequality is violated. The neutrons behave in a way that cannot be explained by any conceivable macroscopically realistic theory. They actually travel on two paths at the same time, they are simultaneously located at different places, centimetres apart. The idea that "maybe the neutron is only travelling on one of the two paths, we just don't know which one" has thus been refuted.

"Our experiment shows: Nature really is as strange as quantum theory claims," says Stephan Sponar. "No matter which classical, macroscopically realistic theory you come up with: It will never be able to explain reality. It doesn't work without quantum physics."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240702135516.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Research shows how RNA 'junk' controls our genes | ScienceDaily
Researchers at Arizona State University have made a significant advance in understanding how genes are controlled in living organisms. The new study, published in the journal Nucleic Acids Research, focuses on critical snippets of RNA in the tiny, transparent roundworm Caenorhabditis elegans (C. elegans).


						
The study provides a detailed map of the 3'UTR regions of RNA in C. elegans. 3'UTRs (untranslated regions) are segments of RNA involved in gene regulation.

The new map is a valuable tool for scientists studying how DNA genes are switched on and off after they are transcribed into RNA. Using this data, scientists can make improved predictions of how small RNA molecules (miRNAs) interact with genes to control their activity. The researchers also explored crucial regions of the 3'UTRs that help in processing and regulating RNA molecules.

By studying the genetic material in this model organism, researchers are gaining deeper insights into the mysteries of gene behavior, shedding light on fundamental biological processes essential to human health and disease.

"This monumental work represents a culmination of 20 years of hard work. We finally have the complete picture of how genes are formed in higher organisms," says Marco Mangone, corresponding author of the new study. "With this complete dataset, we can now pinpoint and study all the regulatory and processing elements within these gene sections. These elements determine the duration of gene expression, their specific locations within cells, and the level of expression required."

Mangone is a researcher in the Biodesign Virginia G. Piper Center for Personalized Diagnostics and a professor in the School of Life Sciences at ASU.

Genes are only half the story

Genes are segments of DNA that contain the blueprints for an astonishing diversity of life on Earth. However, part of the secret to this versatility lies not in the genes themselves but in how their effects are delicately fine-tuned. Genes provide the instructions for making proteins, which play essential roles in building and repairing cells and tissues, speeding up chemical reactions and defending the body against pathogens.




To produce proteins, genes require an intermediary molecule called RNA. During this process, DNA is first copied into RNA, which acts as a bridge between the DNA template and the resulting proteins. Although our DNA genome is fixed from birth, RNA provides the body enormous flexibility by regulating how genes are expressed.

Once genetic instructions are transcribed from DNA into messenger RNA (mRNA), specialized segments of the mRNA -- the 3'UTRs -- can regulate how the proteins are produced.

3'UTRs are sections of RNA located at the end of a messenger RNA molecule. They help to govern how and when proteins are made by controlling the stability and efficiency of the mRNA. This regulation allows for dynamic responses to environmental changes and enables control over protein production, which is essential for adapting to various physiological needs.

3'UTRs reconsidered

Initially, noncoding RNAs like 3'UTRs were regarded as nonessential genetic fragments because they themselves do not code for proteins. However, recent research reveals that they are crucial for modifying gene behavior and influencing mRNA stability, localization and translation efficiency. Translation refers to the process of converting RNA into proteins composed of sequences of amino acids.

3'UTRs are an integral part of a sophisticated and highly adaptable system of checks and balances on protein production. Additionally, these RNA regulatory elements often contain binding sites for other elements responsible for protein regulation, including microRNAs and RNA-binding proteins.




Despite their importance, scientists previously knew little about them. The new study addresses this gap by mapping out 3'UTRs for nearly all genes in C. elegans, providing the most complete map of its kind for any animal.

A window into gene function and disease

C. elegans is a small, transparent nematode that is one of the most extensively studied model organisms in biological research. Its significance lies in its simplicity, short life cycle and well-mapped genetic structure.

The organism shares many essential biological pathways with humans, making it invaluable for studying gene function, development and disease processes. Its transparent body allows researchers to observe cellular processes in real time, and its genetic composition enables the precise manipulation of genes.

These characteristics make C. elegans a powerful tool for uncovering fundamental mechanisms of biology that are often conserved across species, including humans.

The study found that the process of switching between different 3'UTRs is less common in C. elegans than previously thought. This challenges earlier beliefs and highlights the complexity of gene regulation. Using the new data, scientists updated predictions for how microRNAs interact with genes.

The insights gained from the new study have far-reaching implications for human health. Problems with gene control can lead to diseases like cancer, diabetes and neurological disorders. By providing a detailed map of 3'UTRs and their regulatory elements, the research offers new insights that could lead to better treatments and therapies.

The new dataset produced in the study will be a key resource for scientists studying genetics and human health. The ASU team plans to continue their research to further explore how these regulatory elements work and their critical influence on gene control.
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An ant that selectively amputates the infected limbs of wounded sisters | ScienceDaily
Saving lives through surgery is no longer exclusive to humans. In a study publishing July 2 in the journal Current Biology, scientists detail how Florida carpenter ants, a common, brown species native to its namesake, selectively treat the wounded limbs of fellow nestmates -- either by wound cleaning or amputation. When experimentally testing the effectiveness of these "treatments," not only did they aid in recovery, but the research team found the ants' choice of care catered to the type of injury presented to them.


						
"When we're talking about amputation behavior, this is literally the only case in which a sophisticated and systematic amputation of an individual by another member of its species occurs in the animal Kingdom," says first author Erik Frank, a behavioral ecologist from the University of Wurzburg.

Wound care among ants is not an entirely new phenomenon. In a paper published in 2023, it was discovered that a different group of ants, Megaponera analis, use a special gland to inoculate injuries with antimicrobial compounds meant to quell possible infections. What makes Florida carpenter ants (Camponotus floridanus) stand out is that because they have no such gland, they appear to be using only mechanical means to treat their nestmates.

The researchers found that this mechanical care involves one of two routes. The ants would either perform wound cleaning with just their mouthparts or perform a cleaning followed by the full amputation of the leg. To select which route they take, the ants appear to assess the type of injury to make informed adjustments on how best to treat.

In this study, two types of leg injuries were analyzed, lacerations on the femur and those on the ankle-like tibia. All femur injuries were accompanied by initial cleaning of the cut by a nestmate, followed by a nestmate chewing off the leg entirely. In contrast, tibia injuries only received the mouth cleaning. In both cases, intervention resulted in ants with experimentally infected wounds having a much greater survival rate.

"Femur injuries, where they always amputated the leg, had a success rate around 90% or 95%. And for the tibia, where they did not amputate, it still achieved about the survival rate of 75%," says Frank. This is in contrast to the less than 40% and 15% survival rate for unattended infected femur and tibia abrasions, respectively.

The researchers hypothesized that the preferred path of wound care could be related to the risk of infection from the wound site. Micro-CT scans of the femur showed it is largely composed of muscle tissue, suggesting it plays a functional role of pumping blood, referred to as hemolymph, from the leg into the main body. With an injury to the femur, the muscles become compromised, reducing their ability to circulate potentially bacteria-laden blood. The tibia, on the other hand, has little muscle tissue and thus little involvement in blood circulation.




"In tibia injuries, the flow of the hemolymph was less impeded, meaning bacteria could enter the body faster. While in femur injuries the speed of the blood circulation in the leg was slowed down," says Frank.

You may expect, then, if tibia damage results in faster infections, amputating the full leg would be most appropriate, but the opposite is observed. It turns out the speed at which the ants can amputate a leg makes a difference. An ant-assisted amputation takes at least 40 minutes to complete. Experimental testing demonstrated that with tibia injuries, if the leg was not immediately removed post-infection, the ant would not survive. "Thus, because they are unable to cut the leg sufficiently quickly to prevent the spread of harmful bacteria, ants try to limit the probability of lethal infection by spending more time cleaning the tibia wound," remarks senior author and evolutionary biologist Laurent Keller of the University of Lausanne.

"The fact that the ants are able to diagnose a wound, see if it's infected or sterile, and treat it accordingly over long periods of time by other individuals -- the only medical system that can rival that would be the human one," Frank says.

Considering the sophisticated nature of these behaviors, a reasonable next thought would be how these ants are capable of such precise care. "It's really all innate behavior," says Keller. "Ant behaviors change based on the age of an individual, but there is very little evidence of any learning."

Now the lab team is running similar experiments in other Camponotus species to see just how conserved this behavior is and begin to unpack whether all ant species without the special antimicrobial (metapleural) gland also perform amputation. Also, since the ant receiving care allows for the slow removal of a limb while conscious, this calls for further exploration into our understanding of pain in ant societies.

"When you look at the videos where you have the ant presenting the injured leg and letting the other one bite off completely voluntarily, and then present the newly made wound so another one can finish cleaning process -- this level of innate cooperation to me is quite striking," says Frank.
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Doctors could soon use facial temperature for early diagnosis of metabolic diseases | ScienceDaily

Researchers discovered that temperatures in different face regions are associated with various chronic illnesses, such as diabetes and high blood pressure. These temperature differences are not easily perceptible by one's own touch but can instead be identified using specific AI-derived spatial temperature patterns that require a thermal camera and a data-trained model. The results appear July 2 in the journal Cell Metabolism. With further research, doctors could one day use this simple and non-invasive approach for early detection of diseases.

"Aging is a natural process," says Jing-Dong Jackie Han, the paper's corresponding author at Peking University in Beijing. "But our tool has the potential to promote healthy aging and help people live disease-free."

The team had previously used 3D facial structure to predict people's biological age, which indicates how well the body is aging. Biological age is closely related to the risk of diseases, including cancer and diabetes. They were curious if other features of the face, such as temperature, could also predict aging rate and health status.

Han and her colleagues analyzed facial temperatures of more than 2,800 Chinese participants between the ages of 21 and 88. Then, the researchers used the information to train AI models that could predict a person's thermal age. They identified several key facial regions where the temperatures were significantly related to age and health, including the nose, eyes and cheeks.

The team found the temperature of the nose decreases with age at a rate faster than other parts of the face, meaning people with warmer noses have a younger thermal age. At the same time, temperatures around the eyes tend to increase with age.

The team also found that people with metabolic disorders such as diabetes and fatty liver disease had faster thermal aging. They tended to have higher eye area temperatures than their healthy counterparts of the same age. People with elevated blood pressure also had higher cheek temperatures.




By analyzing participants' blood samples, the team revealed that the increase in temperatures around the eyes and cheeks was mainly because of an increase in cellular activities related to inflammation, such as repairing damaged DNAs and fighting infections. The increase in these activities led to a rise in temperatures in certain facial regions.

"The thermal clock is so strongly associated with metabolic diseases that previous facial imaging models were not able to predict these conditions," Han says.

Due to this connection, the team set out to test if exercise could influence thermal age. They asked 23 participants to jump rope for at least 800 times daily for two weeks. To the team's surprise, these participants reduced their thermal age by five years after just two weeks of exercise.

Next, the team wants to explore if they can use thermal facial imaging to predict other diseases, such as sleeping disorders or cardiovascular problems.

"We hope to apply thermal facial imaging in clinical settings, as it holds significant potential for early disease diagnosis and intervention," Han says.
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Organic material from Mars reveals the likely origin of life's building blocks | ScienceDaily
Two samples from Mars together deliver the "smoking gun" in a new study showing the origin of Martian organic material. The study presents solid evidence for a prediction made over a decade ago by University of Copenhagen researchers that could be key to understanding how organic molecules, the foundation of life, were first formed here on Earth.


						
In a meteor crater on the red planet, a solitary robot is moving about. Right now it is probably collecting soil samples with a drill and a robotic arm, as it has quite a habit of doing. NASA's Curiosity rover has been active on Mars as the extended arm of science for nearly 12 years, and it continues to make discoveries that surprise and challenge scientists' understanding of both Mars and our own world here on Earth.

Most recently, the discovery of sedimentary organic material with particular properties has had many researchers scratching their heads. The properties of these carbon-based materials, in particular the ratio of its carbon isotopes, surprised researchers.

Organic materials with such properties, if found on Earth, would typically be a sign of microorganisms, but they can also be the result of non-biological, chemical processes. The find obviously had researchers scrambling for a clear answer, but nothing seemed to fit.

However, for the research collaboration behind a new study published in Nature Geoscience, there has been little hair scratching and much enthusiasm.

In fact, the discovery on Mars provided the missing piece that made everything fall into place for this group of researchers from the University of Copenhagen and the Tokyo Institute of Technology.

As co-author and chemistry professor Matthew Johnson puts it, it is "the smoking gun" needed to confirm a decade old theory of his about so-called photolysis in Mars' atmosphere.




With the Curiosity sample, the new research is able to prove with reasonable certainty that the Sun broke down CO2 in the Martian atmosphere billions of years ago -- as the old theory predicted. And that the resulting carbon monoxide gradually reacted with other chemicals in the atmosphere synthesizing complex molecules -- and thus providing Mars with organic materials.

"Such carbon-based complex molecules are the prerequisite of life, the building blocks of life one might say. So, this it is a bit like the old debate about which came first, the chicken or the egg. We show that the organic material found on Mars has been formed through atmospheric photochemical reactions -- without life that is. This is the 'egg', a prerequisite of life. It still remains to be shown whether or not this organic material resulted in life on the Red Planet." said Johnson and continued:

"Additionally because Earth, Mars and Venus had very similar CO2 rich atmospheres long ago when this photolysis took place, it can also prove important for our understanding of how life began on Earth," said Professor Matthew Johnson from Department of Chemistry at University of Copenhagen.

Two pieces separated by 50 Million Kilometers -- one puzzle solved

12 years ago Johnson and two colleagues used simulations based on quantum mechanics to determine what happens when a CO2 rich atmosphere is exposed to the UV-light of the Sun, in a process known as photolysis.

Basically, on Mars around 20% of the CO2 is split into oxygen and carbon monoxide. But carbon has two stable isotopes: carbon-12 and carbon-13. Usually they are present in a ratio of one carbon-13 for every 99 carbon-12. However, photolysis works faster for the lighter carbon-12, so the carbon monoxide produced by photolysis has less carbon-13 (is depleted), and the left over CO2 has more (is enriched).




Because of this, Johnson and his colleagues were able to make very precise predictions of the ratio of carbon isotopes after photolysis. And this gave them two distinctive fingerprints to look for. One of these was identified in a different Martian sample, years ago.

"We actually have a piece of Mars here on Earth, which was knocked off that planet by a meteorite, and then became one itself, when it landed here on Earth. This meteorite, called Allan Hills 84001 for the place in Antarctica where it was found, contains carbonate minerals that form from CO2 in the atmosphere. The smoking gun here is that the ratio of carbon isotopes in it exactly matches our predictions in the quantum chemical simulations, but there was a missing piece in the puzzle. We were missing the other product of this chemical process to confirm the theory, and that's what we've now obtained," says Matthew Johnson.

The carbon in the Allan Hills meteorite is enriched in carbon-13, which makes it the mirror image of the depletion in carbon-13 that has now been measured in the organic material found by Curiousity on Mars.

The new study has thus linked data from two samples, which researchers believe have the same origin in Mars' childhood but were found more than 50 million kilometers apart.

"There is no other way to explain both the carbon-13 depletion in the organic material and the enrichment in the Martian meteorite, both relative to the composition of volcanic CO2 emitted on Mars, which has a constant composition, similar as for Earth's volcanos, and serves as a baseline," said Johnson

Hope to find the same evidence on Earth

Because the organic material contains this isotopic "fingerprint" of where it came from, researchers are able to trace the source of the carbon in the organic material to the carbon monoxide formed by photolysis in the atmosphere. But this also reveals a lot about what happened to it in between.

"This shows that carbon monoxide is the starting point for the synthesis of organic molecules in these kinds of atmospheres. So we have an important conclusion about the origin of life's building blocks. Although so far only on Mars," said Matthew Johnson.

Researchers hope to find the same isotopic evidence on Earth, but this has yet to happen, and it could be a much bigger challenge because our geological development has changed the surface significantly compared to Mars, Johnson explains.

"It is reasonable to assume that the photolysis of CO2 was also a prerequisite for the emergence of life here on Earth, in all its complexity. But we have not yet found this "smoking gun" material here on Earth to prove that the process took place. Perhaps because Earth's surface is much more alive, geologically and literally, and therefore constantly changing. But it is a big step that we have now found it on Mars, from a time when the two planets were very similar," says Matthew Johnson.

Facts: Organic material

The sample found on Mars contains deposits of so-called organic material. To laymen this may sound more exciting than it is. Organic material in a chemical context does not necessarily mean something living, as one might normally think. The term covers molecules that contain carbon and at least one other element and can easily exist without life. These molecules are rather the building blocks of life.

Facts: What is Photolysis

Photolysis means that the Sun's UV rays provide molecules with energy to perform a chemical transformation. According to the research this happened in the Martian atmosphere, where 20% of CO2 molecules there were split into oxygen and carbon monoxide.

In earlier research, Johnson and colleagues showed that carbon dioxide containing the carbon-12 isotope is photolysed more quickly than the heavier isotope carbon-13.

Over time, CO is produced that is depleted in 13C, and 13C builds up in the remaining CO2. This results in so-called isotopic enrichment in CO2 and depletion in CO, like mirror images or each other or the two halves of a broken plate.

It is the fractionation ratio in carbon, which serves as evidence of photolysis in the two samples from Mars.

Facts: The oxygen painted Mars red

Photolysis of a CO2 molecule yields carbon monoxide (CO) and an oxygen atom (O). On Mars, only carbon monoxide remains, which is transformed into the organic material found by the Curiosity rover.

But where the oxygen has gone is also no secret. The oxygen combines into O2, which interacts with iron on Mars' surface. The Red Planet is rust red due to oxidized iron.

Facts: Isotopes Have Different Weights

Isotopes are variants of the same element that have different weights because the nucleus contains more or fewer neutrons.

Carbon has two stable isotopes -- Normally, about 99% of carbon has 6 protons and 6 neutrons in its nucleus (12C). About 1% has 6 protons and 7 neutrons instead (13C). The ratio can serve as a chemical fingerprint revealing what reactions the carbon has undergone.

Photolysis favors carbon-12, and a high concentration of the isotope can therefore indicate this process.

Extra Info: The Famous Mars Meteorite

The discovery of organic sediments on Mars with a low ratio of carbon-13 completes the puzzle of empirical evidence for the photolysis theory, since researchers already found the other part of that puzzle years ago in the famous meteorite, Allan Hills 84001. The meteorite contains carbonate with a heightened concentration of heavy carbon 13 isotopes.

Discovered in Antarctica 40 years ago by Roberta Score, the meteorite is believed to originate from the Red Planet and became particularly well known because it contains some deposits that led NASA researchers to announce in 1996 that they believed they had found traces of microscopic fossils of bacteria from Mars.

Today, the consensus is that these deposits are abiotic -- that is, stemming from non-biological processes.

Extra info: Mars, Earth, and Venus Had the Same Atmosphere

According to researchers, Earth had approximately the same atmosphere as our neighboring planets Mars and Venus billions of years ago.

When the early planets Venus, Earth, and Mars eventually formed solid surfaces, researchers believe they began to release large amounts of CO2 from extreme volcanic activity. That's how they formed their first atmospheres with large concentrations of the gas. Oxygen had not yet become part of the atmosphere; this happened later on Earth, after the emergence of life.

The photolysis theory states that UV rays from the sun then start a chain of chemical reactions. A chain that starts with the breakdown of CO2 into carbon monoxide, which is the building block for a multitude of other chemical compounds.

Thus, with the help of the Sun, the foundation for the many carbon compounds and complex molecules we have today was formed -- in the case of Earth, the foundation for life.

"Since then the fate of the three planets has been significantly different. Earth's carbon dioxide reacted with our large amount of surface water and much of it deposited over time as carbonate rocks like limestone, leaving the atmosphere dominated by nitrogen, as we have today. Life arose, and microorganisms produced oxygen, which, among other things, created our ozone layer, while Mars and Venus still have very CO2-dominant atmospheres today," explains Matthew Johnson.

Today, Venus has a very dense and toxic atmosphere primarily of CO2, which gives it a surface temperature of around 450 degrees Celsius.

On Mars, the atmosphere has become much thinner compared to Earth's, and has left a desert landscape.
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New and improved camera inspired by the human eye | ScienceDaily
A team led by University of Maryland computer scientists invented a camera mechanism that improves how robots see and react to the world around them. Inspired by how the human eye works, their innovative camera system mimics the tiny involuntary movements used by the eye to maintain clear and stable vision over time. The team's prototyping and testing of the camera -- called the Artificial Microsaccade-Enhanced Event Camera (AMI-EV) -- was detailed in a paper published in the journal Science Robotics in May 2024.


						
"Event cameras are a relatively new technology better at tracking moving objects than traditional cameras, but -today's event cameras struggle to capture sharp, blur-free images when there's a lot of motion involved," said the paper's lead author Botao He, a computer science Ph.D. student at UMD. "It's a big problem because robots and many other technologies -- such as self-driving cars -- rely on accurate and timely images to react correctly to a changing environment. So, we asked ourselves: How do humans and animals make sure their vision stays focused on a moving object?"

For He's team, the answer was microsaccades, small and quick eye movements that involuntarily occur when a person tries to focus their view. Through these minute yet continuous movements, the human eye can keep focus on an object and its visual textures -- such as color, depth and shadowing -- accurately over time.

"We figured that just like how our eyes need those tiny movements to stay focused, a camera could use a similar principle to capture clear and accurate images without motion-caused blurring," He said.

The team successfully replicated microsaccades by inserting a rotating prism inside the AMI-EV to redirect light beams captured by the lens. The continuous rotational movement of the prism simulated the movements naturally occurring within a human eye, allowing the camera to stabilize the textures of a recorded object just as a human would. The team then developed software to compensate for the prism's movement within the AMI-EV to consolidate stable images from the shifting lights.

Study co-author Yiannis Aloimonos, a professor of computer science at UMD, views the team's invention as a big step forward in the realm of robotic vision.

"Our eyes take pictures of the world around us and those pictures are sent to our brain, where the images are analyzed. Perception happens through that process and that's how we understand the world," explained Aloimonos, who is also director of the Computer Vision Laboratory at the University of Maryland Institute for Advanced Computer Studies (UMIACS). "When you're working with robots, replace the eyes with a camera and the brain with a computer. Better cameras mean better perception and reactions for robots."

The researchers also believe that their innovation could have significant implications beyond robotics and national defense. Scientists working in industries that rely on accurate image capture and shape detection are constantly looking for ways to improve their cameras -- and AMI-EV could be the key solution to many of the problems they face.




"With their unique features, event sensors and AMI-EV are poised to take center stage in the realm of smart wearables," said research scientist Cornelia Fermuller, senior author of the paper. "They have distinct advantages over classical cameras -- such as superior performance in extreme lighting conditions, low latency and low power consumption. These features are ideal for virtual reality applications, for example, where a seamless experience and the rapid computations of head and body movements are necessary."

In early testing, AMI-EV was able to capture and display movement accurately in a variety of contexts, including human pulse detection and rapidly moving shape identification. The researchers also found that AMI-EV could capture motion in tens of thousands of frames per second, outperforming most typically available commercial cameras, which capture 30 to 1000 frames per second on average. This smoother and more realistic depiction of motion could prove to be pivotal in anything from creating more immersive augmented reality experiences and better security monitoring to improving how astronomers capture images in space.

"Our novel camera system can solve many specific problems, like helping a self-driving car figure out what on the road is a human and what isn't," Aloimonos said. "As a result, it has many applications that much of the general public already interacts with, like autonomous driving systems or even smartphone cameras. We believe that our novel camera system is paving the way for more advanced and capable systems to come."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/07/240701162221.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Everybody needs good neighbors: Resident quolls help newcomers settle in at Mulligans Flat | ScienceDaily
GPS tracking collars have revealed how newly reintroduced eastern quolls are settling in at Mulligans Flat Woodland Sanctuary, with quolls who were born at the sanctuary accepting their new neighbours with open paws.


						
The findings come from a new study led by researchers at The Australian National University (ANU).

Lead author Dr Belinda Wilson said the results are "welcome news."

"We're at capacity at Mulligans Flat, so if we bring in new quolls for their fresh genetics, it's important for us to know whether they'll be absorbed into the population, or excluded," she said.

"Thankfully, the new quolls were accepted, even sharing dens with the other residents. It was sweet to see."

Dr Wilson and her team placed tiny GPS collars on eight newcomers and eight resident quolls.

This provided invaluable data on how the quolls moved throughout the landscape, and how they interacted with each other.




"While the new quolls initially moved around the entirety of Mulligans Flat, over time the distances they travelled became smaller and they settled into similar-sized home ranges to the residents, possibly because of the 'anchoring' effect of their neighbours," Dr Wilson said.

"We had a particular den that we referred to as the 'megaden'. At one point we had seven of the quolls hanging out there together. That showed up as an area of high activity on our maps."

Eastern quolls are a carnivorous marsupial that became extinct on the Australian mainland in the 1960s.

In a partnership between ANU, ACT Government, and the Woodlands and Wetlands Trust, the eastern quolls were reintroduced into Mulligans Flat in 2016.

"Even though eastern quolls are known to be solitary, we now know that reintroducing them into the same area as residents can actually help them stick," Dr Wilson said.

"As we manage the population and bring 'fresh blood' into the sanctuary to avoid inbreeding, we'll also send some of our extra quolls to our sister sanctuaries -- that way Mulligans Flat can contribute to eastern quoll recovery across Australia's growing network of sanctuaries."
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Sixty-million-year-old grape seeds reveal how the death of the dinosaurs may have paved the way for grapes to spread | ScienceDaily
If you've ever snacked on raisins or enjoyed a glass of wine, you may, in part, have the extinction of the dinosaurs to thank for it. In a discovery described in the journal Nature Plants, researchers found fossil grape seeds that range from 60 to 19 million years old in Colombia, Panama, and Peru. One of these species represents the earliest known example of plants from the grape family in the Western Hemisphere. These fossil seeds help show how the grape family spread in the years following the death of the dinosaurs.


						
"These are the oldest grapes ever found in this part of the world, and they're a few million years younger than the oldest ones ever found on the other side of the planet," says Fabiany Herrera, an assistant curator of paleobotany at the Field Museum in Chicago's Negaunee Integrative Research Center and the lead author of the Nature Plants paper. "This discovery is important because it shows that after the extinction of the dinosaurs, grapes really started to spread across the world."

It's rare for soft tissues like fruits to be preserved as fossils, so scientists' understanding of ancient fruits often comes from the seeds, which are more likely to fossilize. The earliest known grape seed fossils were found in India and are 66 million years old. It's not a coincidence that grapes appeared in the fossil record 66 million years ago-that's around when a huge asteroid hit the Earth, triggering a massive extinction that altered the course of life on the planet. "We always think about the animals, the dinosaurs, because they were the biggest things to be affected, but the extinction event had a huge impact on plants too," says Herrera. "The forest reset itself, in a way that changed the composition of the plants."

Herrera and his colleagues hypothesize that the disappearance of the dinosaurs might have helped alter the forests. "Large animals, such as dinosaurs, are known to alter their surrounding ecosystems. We think that if there were large dinosaurs roaming through the forest, they were likely knocking down trees, effectively maintaining forests more open than they are today," says Monica Carvalho, a co-author of the paper and assistant curator at the University of Michigan's Museum of Paleontology. But without large dinosaurs to prune them, some tropical forests, including those in South America, became more crowded, with layers of trees forming an understory and a canopy.

These new, dense forests provided an opportunity. "In the fossil record, we start to see more plants that use vines to climb up trees, like grapes, around this time," says Herrera. The diversification of birds and mammals in the years following the mass extinction may have also aided grapes by spreading their seeds.

In 2013, Herrera's PhD advisor and senior author of the new paper, Steven Manchester, published a paper describing the oldest known grape seed fossil, from India. While no fossil grapes had ever been found in South America, Herrera suspected that they might be there too.

"Grapes have an extensive fossil record that starts about 50 million years ago, so I wanted to discover one in South America, but it was like looking for a needle in a haystack," says Herrera. "I've been looking for the oldest grape in the Western Hemisphere since I was an undergrad student."

But in 2022, Herrera and his co-author Monica Carvalho were conducting fieldwork in the Colombian Andes when a fossil caught Carvalho's eye. "She looked at me and said, 'Fabiany, a grape!' And then I looked at it, I was like, 'Oh my God.' It was so exciting," recalls Herrera. The fossil was in a 60-million-year-old rock, making it not only the first South American grape fossil, but among the world's oldest grape fossils as well.




The fossil seed itself is tiny, but Herrera and Carvalho were able to identify it based on its particular shape, size, and other morphological features. Back in the lab, they conducted CT scans showing its internal structure that confirmed its identity. The team named the fossil Lithouva susmanii, "Susman's stone grape," in honor of Arthur T. Susman, a supporter of South American paleobotany at the Field Museum. "This new species is also important because it supports a South American origin of the group in which the common grape vine Vitis evolved," says co-author Gregory Stull of the National Museum of Natural History.

The team conducted further fieldwork in South and Central America, and in the Nature Plants paper, Herrera and his co-authors ultimately described nine new species of fossil grapes from Colombia, Panama, and Peru, spanning from 60 to 19 million years old. These fossilized seeds not only tell the story of grapes' spread across the Western Hemisphere, but also of the many extinctions and dispersals the grape family has undergone. The fossils are only distant relatives of the grapes native to the Western Hemisphere and a few, like the two species of Leea are only found in the Eastern Hemisphere today. Their places within the grape family tree indicate that their evolutionary journey has been a tumultuous one. "The fossil record tells us that grapes are a very resilient order. They're a group that has suffered a lot of extinction in the Central and South American region, but they also managed to adapt and survive in other parts of the world," says Herrera.

Given the mass extinction our planet is currently facing, Herrera says that studies like this one are valuable because they reveal patterns about how biodiversity crises play out. "But the other thing I like about these fossils is that these little tiny, humble seeds can tell us so much about the evolution of the forest," says Herrera.

This study was authored by Fabiany Herrera (Field Museum), Monica Carvalho (University of Michigan), Gregory Stull (National Museum of Natural History, Smithsonian Institution), Carlos Jarramillo (Smithsonian Tropical Research Institute), and Steven Manchester (Florida Museum of Natural History, University of Florida).
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This desert moss has the potential to grow on Mars | ScienceDaily

"Our study shows that the environmental resilience of S. caninervis is superior to that of some of highly stress-tolerant microorganisms and tardigrades," write the researchers, who include ecologists Daoyuan Zhang and Yuanming Zhang and botanist Tingyun Kuang of the Chinese Academy of Sciences. "S. caninervis is a promising candidate pioneer plant for colonizing extraterrestrial environments, laying the foundation for building biologically sustainable human habitats beyond Earth."

A small number of previous studies have tested the ability of microorganisms, algae, lichens, and plant spores to withstand the extreme environments of outer space or Mars, but this is the first study to test whole plants.

Syntrichia caninervis is a common moss species with a widespread global distribution. It grows in remarkably extreme desert environments including Tibet, Antarctica, and the circumpolar regions as part of the biological soil crust -- a widespread and resilient type of ground cover often found in arid lands. Given the moss's ability to survive extreme environmental conditions, the researchers decided to test its limits in the lab.

To test the moss's cold tolerance, the researchers stored plants at [?]80degC (in an ultra-cold freezer) for 3 and 5 years and at [?]196degC (in a liquid nitrogen tank) for 15 and 30 days. In all cases, the plants regenerated when they were defrosted, though their rebound was less rapid compared to control specimens that had been dehydrated but not frozen, and plants that were not dehydrated prior to freezing rebounded more slowly than plants that were dried, then frozen.

The moss also demonstrated the ability to survive gamma radiation exposure that would kill most plants, and doses of 500 Gy even seemed to promote the plants' growth. For comparison, humans experience severe convulsions and death when exposed to around 50 Gy. "Our results indicate that S. caninervis is among the most radiation-tolerant organisms known," the researchers write.

Finally, the researchers tested the moss's ability to endure Mars-like conditions using the Chinese Academy of Sciences' Planetary Atmospheres Simulation Facility. The simulator's Martian conditions included air composed of 95% CO2, temperatures that fluctuated from [?]60degC to 20degC, high levels of UV radiation, and low atmospheric pressure. Dried moss plants achieved a 100% regeneration rate within 30 days after being subjected to the Martian conditions for 1, 2, 3, and 7 days. Hydrated plants, which were only subjected to the simulator for one day, also survived, though they regenerated more slowly than their desiccated counterparts.

"Although there is still a long way to go to create self-sufficient habitats on other planets, we demonstrated the great potential of S. caninervis as a pioneer plant for growth on Mars," the researchers write. "Looking to the future, we expect that this promising moss could be brought to Mars or the Moon to further test the possibility of plant colonization and growth in outer space."

This research was supported by the Chinese Academy of Sciences, the Leading Talents in Technological Innovation Program, and The Third Xinjiang Scientific Expedition Program.
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'World record' for data transmission speed | ScienceDaily
Aston University researchers are part of a team that has sent data at a record rate of 402 terabits per second using commercially available optical fibre.


						
This beats their previous record, announced in March 2024, of 301 terabits or 301,000,000 megabits per second using a single, standard optical fibre.

"If compared to the internet connection speed recommendations of Netflix, of 3 Mbit/s or higher, for a watching a HD movie, this speed is over 100 million times faster.

The speed was achieved by using a wider spectrum, using six bands rather than the previous four, which increased capacity for data sharing. Normally just one or two bands are used.

The international research team included Professor Wladek Forysiak and Dr Ian Philips who are members of the University's Aston Institute of Photonic Technologies (AIPT). Led by the Photonic Network Laboratory of the National Institute of Information and Communications Technology (NICT) which is based in Tokyo, Japan it also including Nokia Bell labs of the USA.

Together they achieved the feat by constructing the first optical transmission system covering six wavelength bands (O,E,S,C,L and U) used in fibre optical communication. Aston University contributed specifically by building a set of U-band Raman amplifiers, the longest part of the combined wavelength spectrum, where conventional doped fibre amplifiers are not presently available from commercial sources.

Optical fibres are small tubular strands of glass that pass information using light unlike regular copper cables that can't carry data at such speeds.




As well as increasing capacity by approximately a third, the technique uses so-called "standard fibre" that is already deployed in huge quantities worldwide, so there would be no need to install new specialist cables.

As demand for data from business and individuals increases this new discovery could help keep broadband prices stable despite an improvement in capacity and speed.

Aston University's Dr Philips said: "This finding could help increase capacity on a single fibre so the world would have a higher performing system.

"The newly developed technology is expected to make a significant contribution to expand the communication capacity of the optical communication infrastructure as future data services rapidly increase demand."

His colleague Professor Wladek Forysiak added: 'This is a 'hero experiment' made possible by a multi-national team effort and very recent technical advances in telecommunications research laboratories from across the world'."

The results of the experiment were accepted as a post-deadline paper at the 47th International Conference on Optical Fiber Communications (OFC 2024) in the USA on 28 March.

To help support some of its work in this area Aston University has received funding from EPSRC (UKRI), the Royal Society (RS Exchange grant with NICT) and the EU (European Training Network).
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Investigating newly discovered hydrothermal vents at depths of 3,000 meters off Svalbard | ScienceDaily
Hydrothermal vents are seeps on the sea floor from which hot liquids escape. "Water penetrates into the ocean floor where it is heated by magma. The overheated water then rises back to the sea floor through cracks and fissures. On its way up the fluid become enriched in minerals and materials dissolved out of the oceanic crustal rocks. These fluids often seep out again at the sea floor through tube-like chimneys called black smokers, where metal-rich minerals are then precipitated," explains Prof. Gerhard Bohrmann of MARUM and chief scientist of the MARIA S. MERIAN (MSM 109) expedition.


						
At water depths greater than 3,000 meters, the remote-controlled submersible vehicle MARUM-QUEST took samples from the newly discovered hydrothermal field. Named after Jotul, a giant in Nordic mythology, the field is located on the 500-kilometer-long Knipovich Ridge. The ridge lies within the triangle formed by Greenland, Norway and Svalbard on the boundary of the North American and European tectonic plates. This kind of plate boundary, where two plates move apart, is called a spreading ridge. The Jotul Field is located on an extremely slow spreading ridge with a growth rate of the plates of less than two centimeters per year. Because very little is known about hydrothermal activity on slow spreading ridges, the expedition focused on obtaining an overview of the escaping fluids, as well as the size and composition of active and inactive smokers in the field.

"The Jotul Field is a discovery of scientific interest not only because of its location in the ocean but also due to its climate significance, which was revealed by our detection of very high concentrations of methane in the fluid samples, among other things," reports Gerhard Bohrmann. Methane emissions from hydrothermal vents indicate a vigorous interaction of magma with sediments. On its journey through the water column, a large proportion of the methane is converted into carbon dioxide, which increases the concentration of CO2 in the ocean and contributes to acidification, but it also has an impact on climate when it interacts with the atmosphere. The amount of methane from the Jotul Field that eventually escapes directly into the atmosphere, where it then acts as a greenhouse gas, still needs to be studied in more detail. There is also little known about the organisms living chemosynthetically in the Jotul Field. In the darkness of the deep ocean, where photosynthesis cannot occur, hydrothermal fluids form the basis for chemosynthesis, which is employed by very specific organisms in symbiosis with bacteria.

In order to significantly expand on the somewhat sparse information available on the Jotul Field, a new expedition of the MARIA S. MERIAN will start in late summer of this year under the leadership of Gerhard Bohrmann. The focus of the expedition is the exploration and sampling of as yet unknown areas of the Jotul Field. With extensive data from the Jotul Field it will be possible to make comparisons with the few already known hydrothermal fields in the Arctic province, such as the Aurora Field and Loki's Castle.
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Tiny bright objects discovered at dawn of universe baffle scientists | ScienceDaily
A recent discovery by NASA's James Webb Space Telescope (JWST) confirmed that luminous, very red objects previously detected in the early universe upend conventional thinking about the origins and evolution of galaxies and their supermassive black holes.


						
An international team, led by Penn State researchers, using the NIRSpec instrument aboard JWST as part of the RUBIES survey identified three mysterious objects in the early universe, about 600-800 million years after the Big Bang, when the universe was only 5% of its current age. They announced the discovery today (June 27) in Astrophysical Journal Letters.

The team studied spectral measurements, or intensity of different wavelengths of light emitted from the objects. Their analysis found signatures of "old" stars, hundreds of millions of years old, far older than expected in a young universe.

The researchers said they were also surprised to discover signatures of huge supermassive black holes in the same objects, estimating that they are 100 to 1,000 times more massive than the supermassive black hole in our own Milky Way. Neither of these are expected in current models of galaxy growth and supermassive black hole formation, which expect galaxies and their black holes to grow together over billions of years of cosmic history.

"We have confirmed that these appear to be packed with ancient stars -- hundreds of millions of years old -- in a universe that is only 600-800 million years old. Remarkably, these objects hold the record for the earliest signatures of old starlight," said Bingjie Wang, a postdoctoral scholar at Penn State and lead author on the paper. "It was totally unexpected to find old stars in a very young universe. The standard models of cosmology and galaxy formation have been incredibly successful, yet, these luminous objects do not quite fit comfortably into those theories."

The researchers first spotted the massive objects in July of 2022, when the initial dataset was released from JWST. The team published a paper in Nature several months later announcing the objects' existence.

At the time, the researchers suspected the objects were galaxies, but followed up their analysis by taking spectra to better understand the true distances of the objects, as well as the sources powering their immense light.




The researchers then used the new data to draw a clearer picture of what the galaxies looked like and what was inside of them. Not only did the team confirm that the objects were indeed galaxies near the beginning of time, but they also found evidence of surprisingly large supermassive black holes and a surprisingly old population of stars.

"It's very confusing," said Joel Leja, assistant professor of astronomy and astrophysics at Penn State and co-author on both papers. "You can make this uncomfortably fit in our current model of the universe, but only if we evoke some exotic, insanely rapid formation at the beginning of time. This is, without a doubt, the most peculiar and interesting set of objects I've seen in my career."

The JWST is equipped with infrared-sensing instruments capable of detecting light that was emitted by the most ancient stars and galaxies. Essentially, the telescope allows scientists to see back in time roughly 13.5 billion years, near the beginning of the universe as we know it, Leja said.

One challenge to analyzing ancient light is that it can be hard to differentiate between the types of objects that could have emitted the light. In the case of these early objects, they have clear characteristics of both supermassive black holes and old stars. However, Wang explained, it's not yet clear how much of the observed light comes from each -- meaning these could be early galaxies that are unexpectedly old and more massive even than our own Milky Way, forming far earlier than models predict, or they could be more normal-mass galaxies with "overmassive" black holes, roughly 100 to 1,000 times more massive than such a galaxy would have today.

"Distinguishing between light from material falling into a black hole and light emitted from stars in these tiny, distant objects is challenging," Wang said. "That inability to tell the difference in the current dataset leaves ample room for interpretation of these intriguing objects. Honestly, it's thrilling to have so much of this mystery left to figure out."

Aside from their unexplainable mass and age, if part of the light is indeed from supermassive black holes, then they also aren't normal supermassive black holes. They produce far more ultraviolet photons than expected, and similar objects studied with other instruments lack the characteristic signatures of supermassive black holes, such as hot dust and bright X-ray emission. But maybe the most surprising thing, the researchers said, is how massive they seem to be.




"Normally supermassive black holes are paired with galaxies," Leja said. "They grow up together and go through all their major life experiences together. But here, we have a fully formed adult black hole living inside of what should be a baby galaxy. That doesn't really make sense, because these things should grow together, or at least that's what we thought."

The researchers were also perplexed by the incredibly small sizes of these systems, only a few hundred light years across, roughly 1,000 times smaller than our own Milky Way. The stars are approximately as numerous as in our own Milky Way galaxy -- with somewhere between 10 billion and 1 trillion stars -- but contained within a volume 1,000 times smaller than the Milky Way.

Leja explained that if you took the Milky Way and compressed it to the size of the galaxies they found, the nearest star would almost be in our solar system. The supermassive black hole in the center of the Milky Way, about 26,000 light years away, would only be about 26 light years away from Earth and visible in the sky as a giant pillar of light.

"These early galaxies would be so dense with stars -- stars that must have formed in a way we've never seen, under conditions we would never expect during a period in which we'd never expect to see them," Leja said. "And for whatever reason, the universe stopped making objects like these after just a couple of billion years. They are unique to the early universe."

The researchers are hoping to follow up with more observations, which they said could help explain some of the objects' mysteries. They plan to take deeper spectra by pointing the telescope at the objects for prolonged periods of time, which will help disentangle emission from stars and the potential supermassive black hole by identifying the specific absorption signatures that would be present in each.

"There's another way that we could have a breakthrough, and that's just the right idea," Leja said. "We have all these puzzle pieces and they only fit if we ignore the fact that some of them are breaking. This problem is amenable to a stroke of genius that has so far eluded us, all of our collaborators and the entire scientific community."

Wang and Leja received funding from NASA's General Observers program. The research was also supported by the International Space Science Institute in Bern. The work is based in part on observations made with the NASA/ESA/CSA James Webb Space Telescope. Computations for the research were performed on Penn State's Institute for Computational and Data Sciences' Roar supercomputer.

Other co-authors on the paper are Anna de Graaff of the Max-Planck-Institut fur Astronomie in Germany; Gabriel Brammer of the Cosmic Dawn Center and Niels Bohr Institute; Andrea Weibel and Pascal Oesch of the University of Geneva; Nikko Cleri, Michaela Hirschmann, Pieter van Dokkum and Rohan Naidu of Yale University; Ivo Labbe of Stanford University; Jorryt Matthee and Jenny Greene of Princeton University; Ian McConachie and Rachel Bezanson of the University of Pittsburgh; Josephine Baggen of Texas A&M University; Katherine Suess of the Observatoire de Sauverny in Switzerland; David Setton of Massachusetts Institute of Technology's Kavli Institute for Astrophysics and Space Research; Erica Nelson of the University of Colorado; Christina Williams of the U.S. National Science Foundation's National Optical-Infrared Astronomy Research Laboratory and the University of Arizona.
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Soft, stretchy electrode simulates touch sensations using electrical signals | ScienceDaily
A team of researchers led by the University of California San Diego has developed a soft, stretchy electronic device capable of simulating the feeling of pressure or vibration when worn on the skin. This device, reported in a paper published in Science Robotics, represents a step towards creating haptic technologies that can reproduce a more varied and realistic range of touch sensations.


						
The device consists of a soft, stretchable electrode attached to a silicone patch. It can be worn like a sticker on either the fingertip or forearm. The electrode, in direct contact with the skin, is connected to an external power source via wires. By sending a mild electrical current through the skin, the device can produce sensations of either pressure or vibration depending on the signal's frequency.

"Our goal is to create a wearable system that can deliver a wide gamut of touch sensations using electrical signals -- without causing pain for the wearer," said study co-first author Rachel Blau, a nano engineering postdoctoral researcher at the UC San Diego Jacobs School of Engineering.

Existing technologies that recreate a sense of touch through electrical stimulation often induce pain due to the use of rigid metal electrodes, which do not conform well to the skin. The air gaps between these electrodes and the skin can result in painful electrical currents.

To address these issues, Blau and a team of researchers led by Darren Lipomi, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego, developed a soft, stretchy electrode that seamlessly conforms to the skin.

The electrode is made of a new polymer material constructed from the building blocks of two existing polymers: a conductive, rigid polymer known as PEDOT:PSS, and a soft, stretchy polymer known as PPEGMEA. "By optimizing the ratio of these [polymer building blocks], we molecularly engineered a material that is both conductive and stretchable," said Blau.

The polymer electrode is laser-cut into a spring-shaped, concentric design and attached to a silicone substrate. "This design enhances the electrode's stretchability and ensures that the electrical current targets a specific location on the skin, thus providing localized stimulation to prevent any pain," said Abdulhameed Abdal, a Ph.D. student in the Department of Mechanical and Aerospace Engineering at UC San Diego and the study's other co-first author. Abdal and Blau worked on the synthesis and fabrication of the electrode with UC San Diego nano engineering undergraduate students Yi Qie, Anthony Navarro and Jason Chin.




In tests, the electrode device was worn on the forearm by 10 participants. In collaboration with behavioral scientists and psychologists at the University of Amsterdam, the researchers first identified the lowest level of electrical current detectable. They then adjusted the frequency of the electrical stimulation, allowing participants to experience sensations categorized as either pressure or vibration.

"We found that by increasing the frequency, participants felt more vibration rather than pressure," said Abdal. "This is interesting because biophysically, it was never known exactly how current is perceived by the skin."

The new insights could pave the way for the development of advanced haptic devices for applications such as virtual reality, medical prosthetics and wearable technology.

This work was supported by the National Science Foundation Disability and Rehabilitation Engineering program (CBET-2223566). This work was performed in part at the San Diego Nanotechnology Infrastructure (SDNI) at UC San Diego, a member of the National Nanotechnology Coordinated Infrastructure, which is supported by the National Science Foundation (grant ECCS-1542148).
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Creating supranormal hearing in mice | ScienceDaily
A study from Michigan Medicine's Kresge Hearing Research Institute was able to produce supranormal hearing in mice, while also supporting a hypothesis on the cause of hidden hearing loss in humans.


						
The researchers had previously used similar methods -- increasing the amount of the neurotrophic factor neurotrophin-3 in the inner ear -- to promote the recovery of auditory responses in mice that had experienced acoustic trauma, and to improve hearing in middle-aged mice.

This study is the first to use the same approach in otherwise healthy young mice to create improved auditory processing, beyond what's naturally occurring.

"We knew that providing Ntf3 to the inner ear in young mice increased the number of synapses between inner hair cells and auditory neurons, but we did not know what having more synapses would do to hearing," said Gabriel Corfas, Ph.D., director of the Kresge Institute, who led the research team.

"We now show that animals with extra inner ear synapses have normal thresholds -- what an audiologist would define as normal hearing -- but they can process the auditory information in supranormal ways."

The resulting paper, "From hidden hearing loss to supranormal auditory processing by neurotrophin 3-mediated modulation of inner hair cell synapse density," was published in PLOS Biology.

About the paper 

As in previous studies, the researchers altered the expression of the Ntf3 to increase the number of synapses between inner hair cells and neurons.




Inner hair cells exist inside the cochlea and convert sound waves into signals sent -- via those synapses -- to the brain.

This time, however, two groups of young mice were created and studied: one in which synapses were reduced, and a second -- the supranormal hearing mice -- in which synapses were increased.

"Previously, we have used that same molecule to regenerate synapses lost due to noise exposure in young mice, and to improve hearing in middle-aged mice, when they already start showing signs of age-related hearing loss," said Corfas.

"This suggests that this molecule has the potential to improve hearing in humans in similar situations. The new results indicate the regenerating synapses or increasing their numbers will improve their auditory processing."

Both groups of mice underwent a Gap-Prepulse Inhibition test, which measures their ability to detect very brief auditory stimuli.

For this test, the subject is placed in a chamber with a background noise, then a loud tone that startles the mouse is presented alone or preceded by a very brief silent gap.




That gap, when detected by the mouse, reduces the startle response. Researchers then determine how long the silent gap needs to be for the mice to detect it.

Mice with fewer synapses required a much longer silent gap. That result supports a hypothesis about the relationship between synapse density and hidden hearing loss in humans.

Hidden hearing loss describes a difficulty in hearing that cannot be detected by standard testing.

People with hidden hearing loss may struggle to understand speech -- or discern sounds in the presence of background noise. And results of the Gap-Prepulse Inhibition test had been previously shown to be correlated with auditory processing in humans.

A surprising find

Less expected, however, were the results of the subjects with increased synapses.

Not only did they show enhanced peaks in measured Acoustic Brain Stem response, but the mice also performed better on the Gap-Prepulse Inhibition test, suggesting an ability to process an increased amount of auditory information.

"We were surprised to find that when we increased the number of synapses, the brain was able to process the extra auditory information. And those subjects performed better than the control mice in the behavioral test," Corfas said.

Hair cell loss had once been believed to be the primary cause of hearing loss in humans as we age.

Now, however, it's understood that the loss of inner hair cell synapses can be the first event in the hearing loss process, making therapies that preserve, regenerate and/or increase synapses exciting possible approaches for treating some hearing disorders.

"Some neurodegenerative disorders also start with loss of synapses in the brain," Corfas said.

"Therefore, the lessons from the studies in the inner ear could help in finding new therapies for some of these devastating diseases."
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Too many missing satellite galaxies found | ScienceDaily
For years, astronomers have worried about how to explain why the Milky Way has fewer satellite galaxies than the standard dark matter model predicts. This is called the "missing satellites problem." In order to bring us closer to solving this problem, an international team of researchers used data from the Hyper Suprime-Cam (HSC) Subaru Strategic Program (SSP) to discover two completely new satellite galaxies.


						
These results were published in the Publications of the Astronomical Society of Japan on June 8, 2024 by a team of researchers from Japan, Taiwan, and America.

We live in a galaxy called The Milky Way, which has other, smaller galaxies orbiting it called satellite galaxies. Studying these satellite galaxies can help researchers unravel mysteries surrounding dark matter, and better understand how galaxies evolve over time.

"How many satellite galaxies does the Milky Way have? This has been an important question for astronomers for decades," remarks Masahi Chiba, a professor at Tohoku University.

The research team recognized the possibility that there are likely many undiscovered, small satellite galaxies (dwarf galaxies) which are far away and difficult to detect. The powerful ability of the Subaru telescope -- which sits atop an isolated mountain above the clouds in Hawaii -- is well-suited to find these galaxies. In fact, this research team previously found three new dwarf galaxies using the Subaru telescope.

Now, the team has discovered an additional two new dwarf galaxies (Virgo III and Sextans II). With this discovery, a total of nine satellite galaxies have been found overall by different research teams. This is still much fewer than the 220 satellite galaxies predicted by the standard theory of dark matter.

However, the footprint of the HSC-SSP does not cover the entire Milky Way. If the distribution of those nine satellite galaxies across the entire Mily Way is similar to what was found in the footprint captured by the HSC-SSP, the research team calculates that there actually may be closer to 500 satellite galaxies. Now, we are faced with a "too many satellites problem," rather than a "missing satellites problem."

To better characterize the actual amount of satellite galaxies, more high-resolution imaging and analysis is required. "The next step is to use a more powerful telescope that captures a wider view of the sky," explains Chiba, "Next year, the Vera C. Rubin Observatory in Chile will be used to fulfill that purpose. I hope that many new satellite galaxies will be discovered.
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New class of Mars quakes reveals daily meteorite strikes | ScienceDaily
An international team of researchers, co-lead by ETH Zurich and Imperial College London, have derived the first estimate of global meteorite impacts on Mars using seismic data. Their findings indicate between 280 to 360 meteorites strike the planet each year forming impact craters greater than 8 metres (about 26 feet) across. Geraldine Zenhaeusern who co-led the study commented, "This rate was about five times higher than the number estimated from orbital imagery alone. Aligned with orbital imagery, our findings demonstrate that seismology is an excellent tool for measuring impact rates."


						
Seismic "chirp" signals new class of quakes

Using data from the seismometer deployed during the NASA InSight Mission to Mars, researchers found that 6 seismic events recorded in the near proximity of the station had been previously identified as meteoric impacts (Garcia et al., 2023) -- a process enabled by the recording of a specific acoustic atmospheric signal generated when meteorites enter the Martian atmosphere. Now, Zenhausern, ETH Zurich, co-lead, Natalia Wojcicka, Imperial College London, and the research team have found that these 6 seismic events belong to a much larger group of marsquakes, so called very high frequency (VF) events. The source process of these quakes occurs much faster than for a tectonic marsquake of similar size. Where a normal magnitude 3-quake on Mars takes several seconds, an impact-generated event of the same size takes only 0.2 seconds or less, due to the hypervelocity of the collision. By analysing marsquake spectra, a further 80 marsquakes were identified that are now thought to be caused by meteoroid strikes.

Their research quest began in December 2021, a year before accumulated dust on the solar panels put an end to the InSight mission, when a large distant quake recorded by the seismometer reverberated a broadband seismic signal throughout the planet. Remote sensing associated the quake with a 150-metre-wide crater. To confirm, the InSight team partnered with Mars Reconnaissance Orbiter (MRO) Context Camera (CTX) to search for other fresh craters that would match the timing and location of the seismic events detected by InSight. The teams' detective work paid off and they were lucky to find a second fresh crater over a 100-metres (320 feet) in diameter. Smaller craters, however, formed when basketball-sized meteoroids strike the planet and which should be far more common, remained elusive. Now, the number of meteorite strikes is newly estimated by the occurrence of these special high-frequency quakes.

First meteorite impact rate from seismic data 

Approximately 17,000 meteorites fall to Earth each year, but unless they streak across the night's sky, they are rarely noticed. Most meteors disintegrate as they enter Earth's atmosphere, but on Mars the atmosphere is 100 times thinner leaving its surface exposed to larger and more frequent meteorite strikes.

Until now, planetary scientists have relied on orbital images and models inferred from well-preserved meteorite impacts on the Moon but extrapolating these estimates to Mars proved challenging. Scientists had to account for the stronger gravitational pull of Mars and its proximity to the asteroid belt, which both mean that more meteorites hit the red planet. On the other hand, regular sandstorms result in craters that are much less well-preserved than those on the Moon, and, therefore, not as easily detected with orbital imagery. When a meteorite strikes the planet, the seismic waves of the impact travel through the crust and mantle and can be picked up by seismometers.




Wojcicka explains, "We estimated crater diameters from the magnitude of all the VF-marsquakes and their distances, then used it to calculate how many craters formed around the InSight lander over the course of a year. We then extrapolated this data to estimate the number of impacts that happen annually on the whole surface of Mars."

Zenhausern adds, "While new craters can best be seen on flat and dusty terrain where they really stand out, this typ of terrain covers less than half of the surface of Mars. The sensitive InSight seismometer, however, could hear every single impact within the landers' range."

Insight into Mars age and future missions

Much like the lines and wrinkles on our face, the size and density of craters from meteorite strikes reveal clues about the age of different regions of a planetary body. The less craters, the younger the region of the planet. Venus, for example, has almost no visible craters because its surface is continually reworked by volcanism, while Mercury and the Moon with their ancient surfaces are heavily cratered. Mars falls in between these examples, with some old and some young regions that can be distinguished by the number of craters.

New data shows, an 8-metre (26-feet) crater happens somewhere on the surface of Mars nearly every day and a 30-metre (98-feet) crater occurs about once a month. Since hypervelocity impacts cause blast zones that are easily 100 times larger in diameter than the crater, knowing the exact number of impacts is important for the safety of robotic, but also future human missions to the red planet.

"This is the first paper of its kind to determine how often meteorites impact the surface of Mars from seismological data -- which was a level one mission goal of the Mars InSight Mission," says Domenico Giardini, Professor of Seismology and Geodynamics at ETH Zurich and co-Principal Investigator for the NASA Mars InSight Mission. "Such data factors into the planning for future missions to Mars."

According to Zenhausern and Wojcicka, the next steps in advancing this research involve the use of machine learning technologies to aid researchers in identifying further craters in satellite images and identifying seismic events in the data.
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The density difference of sub-Neptunes finally deciphered | ScienceDaily
The majority of stars in our galaxy are home to planets. The most abundant are the sub-Neptunes, planets between the size of Earth and Neptune. Calculating their density poses a problem for scientists: depending on the method used to measure their mass, two populations are highlighted, the dense and the less dense. Is this due to an observational bias or the physical existence of two distinct populations of sub-Neptunes? Recent work by the NCCR PlanetS, the University of Geneva (UNIGE) and the University of Bern (UNIBE) argues for the latter. Find out more in the journal Astronomy & Astrophysics.


						
Exoplanets are abundant in our galaxy. The most common are those between the radius of the Earth (around 6,400 km) and Neptune (around 25,000 km), known as ''sub-Neptunes''. It is estimated that 30% to 50% of sun-like stars contain at least one of these.

Calculating the density of these planets is a scientific challenge. To estimate their density, we must first measure their mass and radius. Problem: planets whose mass is measured by the TTV (Transit-Timing Variation) method are less dense than planets whose mass has been measured by the radial velocity method, the other possible measurement method.

''The TTV method involves measuring variations in transit timing. Gravitational interactions between planets in the same system will slightly modify the moment at which the planets pass in front of their star,'' explains Jean-Baptiste Delisle, scientific collaborator in the Astronomy Department of the UNIGE Faculty of Science and co-author of the study. ''The radial velocity method, on the other hand, involves measuring the variations in the star's velocity induced by the presence of the planet around it''.

Eliminating any bias

An international team led by scientists from NCCR PlanetS, UNIGE and UNIBE has published a study explaining this phenomenon. It is due not to selection or observational biases, but to physical reasons. ''The majority of systems measured by the TTV method are in resonance,'' explains Adrien Leleu, assistant professor in the Astronomy Department of the UNIGE Faculty of Science and principal author of the study.

Two planets are in resonance when the ratio between their orbital periods is a rational number. For example, when a planet makes two orbits around its star, another planet makes exactly one. If several planets are in resonance, it forms a chain of Laplace resonances. ''We therefore wondered whether there was an intrinsic connection between density and the resonant orbital configuration of a planetary system,'' continues the researcher.




To establish the link between density and resonance, astronomers first had to rule out any bias in the data by rigorously selecting planetary systems for statistical analysis. For example, a large, low-mass planet detected in transit requires more time to be detected in radial velocities. This increases the risk of observations being interrupted before the planet is visible in the radial velocity data, and therefore before its mass is estimated.

''This selection process would lead to a bias in the literature in favor of higher masses and densities for planets characterized with the radial velocity method. As we have no measurement of their masses, the less dense planets would be excluded from our analyses,'' explains Adrien Leleu.

Once this data cleaning had been carried out, the astronomers were able to determine, using statistical tests, that the density of sub-Neptunes is lower in resonant systems than their counterparts in non-resonant systems, regardless of the method used to determine their mass.

A question of resonance

The scientists suggest several possible explanations for this link, including the processes involved in the formation of planetary systems. The study's main hypothesis is that all planetary systems converge towards a resonance chain state in the first few moments of their existence, but only 5% remain stable. The other 95% become unstable. The resonance chain then breaks down, generating a series of ''catastrophes'', such as collisions between planets. The planets fuse together, increasing their density and then stabilizing in non-resonant orbits.

This process generates two very distinct populations of Sub-Neptunes: dense and less dense. ''The numerical models of planetary system formation and evolution that we have developed at Bern over the last two decades reproduce exactly this trend: planets in resonance are less dense. This study, moreover, confirms that most planetary systems have been the site of giant collisions, similar or even more violent than the one that gave rise to our Moon,'' concludes Yann Alibert, professor at UNIBE's Space Research and Planetary Sciences Division (WP) and co-director of the Center for Space and Habitability and co-author of the study.
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Last surviving woolly mammoths were inbred but not doomed to extinction | ScienceDaily
The last population of woolly mammoths was isolated on Wrangel Island off the coast of Siberia 10,000 years ago, when sea levels rose and cut the mountainous island off from the mainland. A new genomic analysis reveals that the isolated mammoths, who lived on the island for the subsequent 6,000 years, originated from at most 8 individuals but grew to 200-300 individuals within 20 generations. The researchers report June 27 in the journal Cell that the Wrangel Island mammoths' genomes showed signs of inbreeding and low genetic diversity but not to the extent that it can explain their ultimate (and mysterious) extinction.


						
"We can now confidently reject the idea that the population was simply too small and that they were doomed to go extinct for genetic reasons," says senior author Love Dalen, an evolutionary geneticist at the Centre for Palaeogenetics, a joint collaboration between the Swedish Museum of Natural History and Stockholm University. "This means it was probably just some random event that killed them off, and if that random event hadn't happened, then we would still have mammoths today."

In addition to shedding light on woolly mammoth population dynamics, this analysis of Wrangel Island mammoths could help inform conservation strategies for present-day endangered animals.

"Mammoths are an excellent system for understanding the ongoing biodiversity crisis and what happens from a genetic point of view when a species goes through a population bottleneck because they mirror the fate of a lot of present-day populations," says first author Marianne Dehasque of the Centre for Palaeogenetics.

To understand the genomic consequences of the Wrangel Island bottleneck on the mammoth population, the team analyzed the genomes of 21 woolly mammoths -- 14 from Wrangel Island, and 7 from the mainland population that predated the bottleneck. Altogether, the samples spanned the last 50,000 years of the woolly mammoth's existence, providing a window into how mammoth genetic diversity changed through time.

Compared to their mainland ancestors, the Wrangel Island mammoth genomes showed signs of inbreeding and low genetic diversity. In addition to overall low genetic diversity, they showed reduced diversity in the major histocompatibility complex, a group of genes known to play a critical role in the vertebrate immune response.

The researchers showed that the population's genetic diversity continued to decline throughout the 6,000 years that the mammoths inhabited Wrangel Island, though at a very slow pace, suggesting that the population size was stable up until the very end. And although the island's mammoth population gradually accumulated moderately harmful mutations throughout its 6,000-year tenure, the researchers showed that the population was slowly purging the most harmful mutations.

"If an individual has an extremely harmful mutation, it's basically not viable, so those mutations gradually disappeared from the population over time, but on the other hand, we see that the mammoths were accumulating mildly harmful mutations almost up until they went extinct," says Dehasque. "It's important for present day conservation programs to keep in mind that it's not enough to get the population up to a decent size again; you also have to actively and genetically monitor it because these genomic effects can last for over 6,000 years."

Though the mammoth genomes analyzed in this study straddle a large timespan, they do not include the final 300 years of the species' existence. However, the researchers have unearthed fossils from the mammoth's final period and plan to conduct genomic sequencing in the future.

"What happened at the end is a bit of a mystery still -- we don't know why they went extinct after having been more or less fine for 6,000 years, but we think it was something sudden," says Dalen. "I would say there is still hope to figure out why they went extinct, but no promises."
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Prehistoric 'Pompeii' discovered: Most pristine trilobite fossils ever found shake up scientific understanding of the long extinct group | ScienceDaily
Researchers have described some of the best-preserved three-dimensional trilobite fossils ever discovered. The fossils, which are more than 500 million years old, were collected in the High Atlas of Morocco and are being referred to by scientists as "Pompeii" trilobites due to their remarkable preservation in ash.


						
The trilobites, from the Cambrian period, have been the subject of research by an international team of scientists, led by Prof Abderrazak El Albani, a geologist based at University of Poitiers and originally from Morocco. The team included Dr Greg Edgecombe, a palaeontologist at the Natural History Museum.

Dr Greg Edgecombe comments: "I've been studying trilobites for nearly 40 years, but I never felt like I was looking at live animals as much as I have with these ones. I've seen a lot of soft anatomy of trilobites, but it's the 3D preservation here that is truly astounding.

"An unexpected outcome of our work is discovering that volcanic ash in shallow marine settings could be a bonanza for exceptional fossil preservation."

Due to their hard, calcified exoskeleton often being well-preserved in the fossil record, trilobites are some of the best studied fossil marine animals. Over 20,000 species have been described by palaeontologists over the past two centuries.

However, until now, comprehensive scientific understanding of this phenomenally diverse group has been limited by the relative scarcity of soft tissue preservation. Owing to the fact the Moroccan trilobites were encased in hot ash in sea water, their bodies fossilised very quickly as the ash transformed to rock -- meeting a similar end to the inhabitants of Pompeii following the eruption of Mount Vesuvius.

The ash moulds preserved each segment of their bodies, their legs and even the hair-like structures that ran along the appendages. The trilobites' digestive tract was also preserved after it filled with ash. Even small "lamp shells" attached to the trilobites' exoskeleton remained attached by fleshy stalks as they were in life.




Lead author, Prof Abderrazak El Albani, comments: "As a scientist who has worked on fossils from different ages and locations, discovering fossils in such a remarkable state of preservation within a volcanic setting was a profoundly exhilarating experience for me.

"I think pyroclastic deposits should become new targets for study, given their exceptional potential for trapping and preserving biological remains, including delicate soft tissues.

"These findings are anticipated to lead to significant discoveries about the evolution of life on our planet Earth."

Using CT scanning and computer modelling of virtual X-ray slices, the researchers discovered that appendages found at the edge of the mouth had curved spoon-like bases but were so small they had gone undetected in less perfectly preserved fossils. In fact, it had previously been thought that trilobites had three pairs of head appendages behind their long antennae but both Moroccan species in this study showed that there were four pairs.

A fleshy lobe covering the mouth, called a labrum, was documented for the first time in trilobites.

Co-author Harry Berks, from the University of Bristol, added: "The results revealed in exquisite detail a clustering of specialised leg pairs around the mouth, giving us a clearer picture of how trilobites fed. The head and body appendages were found to have an inward-facing battery of dense spines, like those of today's horseshoe crabs."
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Under pressure: How comb jellies have adapted to life at the bottom of the ocean | ScienceDaily
The bottom of the ocean is not hospitable: there is no light; the temperature is freezing cold; and the pressure of all the water above will literally crush you. The animals that live at this depth have developed biophysical adaptations that allow them to survive in these harsh conditions. What are these adaptations and how did they develop?


						
University of California San Diego Assistant Professor of Chemistry and Biochemistry Itay Budin teamed up with researchers from around the country to study the cell membranes of ctenophores ("comb jellies") and found they had unique lipid structures that allow them to live under intense pressure. Their work appears in Science.

Adapting to the environment

First things first: although comb jellies look like jellyfish, they are not closely related. Comb jellies comprise the phylum Ctenophora (pronounced tee-no-for-a). They are predators that can grow as large as a volleyball and live in oceans all over the world and at various depths, from the surface all the way down to the deep sea.

Cell membranes have thin sheets of lipids and proteins that need to maintain certain properties for cells to function properly. While it has been known for decades that some organisms have adapted their lipids to maintain fluidity in extreme cold -- called homeoviscous adaptation -- it was not known how organisms living in the deep sea have adapted to extreme pressure, nor whether the adaptation to pressure was the same as the adaptation to cold.

Budin had been studying homeoviscous adaptation in E. coli bacteria, but when Steven Haddock, senior scientist at the Monterey Bay Aquarium Research Institute (MBARI), asked whether ctenophores had the same homeoviscous adaptation to compensate for extreme pressure, Budin was intrigued.

Complex organisms have different types of lipids. Humans have thousands of them: the heart has different ones than the lungs, which are different from those in the skin, and so on. They have different shapes too: some are cylindrical and some are shaped like cones.




To answer whether ctenophores adapted to cold and to pressure through the same mechanism, the team needed to control the temperature variable. Jacob Winnikoff, the study's lead author who worked at both MBARI and UC San Diego, analyzed ctenophores collected from across the northern hemisphere, including those that lived at the bottom of the ocean in California (cold, high pressure) and those from the surface of the Arctic Ocean (cold, not high pressure).

"It turns out that ctenophores have developed unique lipid structures to compensate for the intense pressure that are separate from the ones that compensate for intense cold," stated Budin. "So much so that the pressure is actually what's holding their cell membranes together."

The researchers call this adaptation "homeocurvature" because the curve-forming shape of the lipids has adapted to the ctenophores' unique habitat. In the deep sea, the cone-shaped lipids have evolved into exaggerated cone shapes. The pressure of the ocean counteracts the exaggeration so the lipid shape is normal, but only at these extreme pressures. When deep-sea ctenophores are brought up to the surface, the exaggerated cone shape returns, the membranes split apart, and the animals disintegrate.

The molecules with an exaggerated cone shape are a type of phospholipid called plasmalogens. Plasmalogens are abundant in human brains and their declining abundance often accompanies diminishing brain function and even neurodegenerative disease like Alzheimer's. This makes them very interesting to scientists and medical researchers.

"One of the reasons we chose to study ctenophores is because their lipid metabolism is similar to humans," stated Budin. "And while I wasn't surprised to find plasmalogens, I was shocked to see that they make up as much as three-quarters of a deep-sea ctenophore's lipid count."

To further test this discovery, the team went back to E. coli, conducting two experiments in high-pressure chambers: one with unaltered bacteria and a second with bacteria that had been bioengineered to synthesize plasmalogens. While the unaltered E. coli died off, the E. coli strain containing plasmalogens thrived.




These experiments were conducted over the course of several years and with collaborators across multiple institutions and disciplines. At UC San Diego, in addition to Budin, whose group conducted the biophysics and microbiology experiments, Distinguished Professor of Chemistry and Biochemistry Edward Dennis's lab conducted lipid analysis by mass spectrometry. Marine biologists at MBARI collected ctenophores to study, while physicists at the University of Delaware ran computer simulations to validate membrane behaviors at different pressures.

Budin, who is interested in studying how cells regulate lipid production, hopes this discovery will lead to further investigations into the role plasmalogens play in brain health and disease.

"I think the research shows that plasmalogens have really unique biophysical properties," he said. "So now the question is, how are those properties important for the function of our own cells? I think that's one takeaway message." This

Full list of authors: Daniel Milshteyn, Edward A. Dennis, Aaron Armando, Oswald Quehenberger and Itay Budin (all UC San Diego); Jacob R. Winnikoff (Harvard University); Sasiri J. Vargas-Urbano, Miguel Pedraza and Edward Lyman (all University of Delaware); Alexander Sodt (National Institute of Child Health and Human Development); Richard E. Gillilan (Cornell University); and Steven H.D. Haddock (MBARI).
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